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Diagnostic Yield and Prognostic Value of Emergency
Neuroimaging in Older Adults: Role of the Glasgow Coma Scale

Yasli Hastalarda Acil Norogoruntiilemenin Tanisal Getirisi ve Prognostik Degeri: Glasgow
Koma Skalasinin Rolii

® Nisa BASPINAR, ® Pervin SONMEZ, ® ismail SALK
Sivas Cumhuriyet University Faculty of Medicine, Department of Radiology, Sivas, Tiirkiye

ABSTRACT

Aim: Emergency neuroimaging is increasingly used in older adults with neurological symptoms; however, evidence on diagnostic yield and outcomes
in this population remains limited. This study evaluated the diagnostic performance of computed tomography (CT) and magnetic resonance imaging
(MRI) in older adult emergency patients and assessed the prognostic significance of Glasgow Coma scale (GCS) combined with imaging findings.

Materials and Methods: This retrospective study included 743 patients aged >65 years who presented to a tertiary emergency department between
January and March 2025 with non-traumatic neurological symptoms requiring brain imaging. Demographics, symptoms, GCS scores, imaging
findings, hospital disposition, and mortality were analyzed. Logistic regression identified predictors of abnormal imaging and clinical outcomes.

Results: The cohort (mean age 77.1£7.7 years; 52.8% male) had abnormal CT findings in 20.7% of patients and MRI abnormalities in 36.1%.
Cerebrovascular accidents were most common (CT: 12.0%, MRI: 26.7%). Abnormal GCS (<15) was associated with abnormal imaging (CT: 28.5% vs.
17.8%; MRI: 46.7% vs. 33.1%). Mortality was 1.3%, exclusively in patients with abnormal GCS. Among those with altered consciousness, mortality varied
by imaging: CT abnormal (8.8%), MRI abnormal (14.0%), CT normal (3.5%), MRI normal (2.0%). Abnormal imaging was associated with substantially
higher hospitalization rates (CT: 79.9% vs. 20.9%; MRI: 87.3% vs. 24.5%) and increased odds of mortality [CT: odds ratio (OR)=3.9, 95% confidence
interval (CI): 1.1-13.8; MRI: OR=11.0, 95% Cl: 1.3-92.4].

Conclusion: MRI demonstrated higher diagnostic yield than CT in older adults with neurological emergencies. A normal GCS was a strong negative
predictor of short-term mortality. Combining GCS with neuroimaging findings enables effective risk stratification and supports clinical decision-
making in emergency care. In patients with altered consciousness (GCS <15), neuroimaging provided additive prognostic value, with mortality risk
increasing stepwise from normal to abnormal imaging findings, highest in those with abnormal MRI.

Keywords: Emergency department, older adults, neuroimaging, Glasgow Coma scale, mortality

0z
Amag: Norolojik semptomlarla basvuran yash hastalarda acil nérogoriintileme giderek daha sik kullaniimaktadir; ancak bu popiilasyonda tanisal
verim ve klinik sonuglara iliskin kanitlar sinirhdir. Bu ¢calismada, yash acil servis hastalarinda bilgisayarli tomografi (BT) ve manyetik rezonans
gortintilemenin (MRG) tanisal performansi degerlendirilmis, ayrica goriintiileme bulgulari ile birlikte Glasgow Koma skalasi (GKS) skorunun prognostik
onemi arastirilmistir.

Gereg ve Yontem: Bu retrospektif calismaya, Ocak-Mart 2025 tarihleri arasinda tctincti basamak bir acil servise travma disi norolojik semptomlarla
basvuran ve beyin gortintiilemesi yapilan, 65 yas ve tizerindeki 743 hasta dahil edildi. Demografik ozellikler, basvuru semptomlari, GKS skorlari,
gortintiileme bulgular, hastaneye yatis durumu ve mortalite verileri analiz edildi. Anormal goriintileme bulgularini ve klinik sonuglari ongoren
faktorler lojistik regresyon analizi ile degerlendirildi.
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Bulgular: Calisma grubunun ortalama yasi 77,1+7,7 yil olup hastalarin %52,8'i erkekti. BT'de hastalarin %20,7’sinde, MRG'de ise %36,1'inde anormal
bulgu saptandi. En sik gortilen patoloji serebrovaskiiler olaydi (BT: %12,0; MRG: %26,7). Anormal GKS (<15), anormal gortintiileme bulgulari ile
iliskiliydi (BT: %28,5'e karsi %17,8; MRG: %46,7’ye karsi %33,1). Mortalitenin %1,3 oldugu ve yalnizca GKS'si anormal olan hastalarda gortldugu
belirlendi. Biling degisikligi bulunan hastalarda mortalite oranlari gortinttileme bulgularina gore farklilik gosterdi: BT anormal %8,8, MRG anormal
%14,0, BT normal %3,5 ve MRG normal %2,0. Anormal goriintiileme bulgulari, belirgin derecede daha yiiksek hastaneye yatis oranlari (BT: %79,9'a
karsi %20,9; MRG: %87,3'e karsi %24,5) ve artmis mortalite olasiligi ile iliskili bulundu [BT: olasilik orani (OR)=3,9, %95 giiven araligi (GA): 1,1-13,8;
MRG: OR=11,0, %95 GA: 1,3-92,4].

Sonug: MRG, norolojik acillerle basvuran yash hastalarda BT'ye gore daha ytksek tanisal verim saglamistir. Normal GKS, kisa donem mortalite
acisindan gicli bir negatif ongoriict olarak bulunmustur. GKS'nin norogoriintiileme bulgulari ile birlikte degerlendirilmesi, etkili risk siniflandirmasi
yapilmasina olanak saglamakta ve acil serviste klinik karar verme strecini desteklemektedir. Biling degisikligi olan (GKS <15) hastalarda
norogorintiileme ek prognostik deger saglamis; mortalite riski normal goriintilemeden anormal gortintiilemeye dogru kademeli olarak artmis ve

en yiiksek risk anormal MRG bulgusu olan hastalarda gozlenmistir.

Anahtar Kelimeler: Acil servis, yasl eriskinler, norogoriintiileme, Glasgow Koma skalasi, mortalite

INTRODUCTION

Emergency neuroimaging represents a critical component
of acute care for older adults’ patients presenting with
neurological symptoms or altered mental status. Non-traumatic
brain emergencies are the leading cause of morbidity and
mortality in this population, driven by widespread age-related
physiological changes and increased comorbidities'. The
growing older adult population, combined with the higher
incidence of emergent neurological conditions, necessitates
rapid and reliable neuroimaging for accurate diagnosis and
appropriate treatment decisions in this vulnerable age group?.

Computed tomography (CT) remains the most utilized first-
line neuroimaging modality in emergency departments due
to its widespread availability, rapid acquisition, and cost-
effectiveness®. The number of emergency department visits
and neuroimaging examinations has increased significantly,
with neuroimaging utilization in emergency departments
growing considerably between 2007 and 20174 CT is the
most commonly used imaging modality for the assessment
of patients with suspected stroke, owing to its widespread
availability, rapid acquisition, and lower cost compared with
magnetic resonance imaging (MRI)>. However, the diagnostic
limitations of CT in detecting acute ischemic changes and subtle
parenchymal abnormalities have led to increased utilization of
MRI in emergency settings.

MRI is widely considered superior to CT for detecting acute
stroke. However, this assumption has not been conclusively
validated across the entire spectrum of patients in whom
acute stroke is suspected®. Recent comparative studies have
demonstrated significant differences in diagnostic yield
between these modalities. MRI identified acute ischemic stroke
in 164 of 356 individuals [46%; 95% confidence interval (CI:
41-51%], whereas CT detected it in only 35 of 356 patients
(10%; 95% Cl, 7-14%). When compared with the final clinical
diagnosis, the sensitivity of MRI for detecting any acute stroke

was 83% (181/217; 95% Cl, 78-88%), while CT demonstrated a
sensitivity of just 26% (56/217; 95% Cl, 20-32%)°.

The decision to perform neuroimaging in older adults
patients requires careful consideration of clinical factors, as
indiscriminate use of imaging studies can lead to increased
costs and unnecessary radiation exposure’. When the etiology is
uncertain and intracranial pathology cannot be safely excluded,
neuroimaging should be performed during the first assessment
of acute changes in mental status. Imaging is especially
recommended for patients with trauma, anticoagulation
therapy, hypertension or hypertensive emergencies, headache,
gastrointestinal symptoms such as nausea or vomiting,
suspected infection, new seizures, neurological deficits, a cancer
history, older age, or pre-existing intracranial conditions®.

The needs of older adults in acute care are unique, but little
is known about the potential benefits of imaging in frail
populations®. Older adults aren’t typically included in clinical
studies that examine the utility and efficacy of medical imaging
procedures, and it’s difficult to generalize study results to older
groups’. According to a systematic review, CT scans revealed
abnormal results in 15.6% of elderly emergency patients
presenting with confusion or altered mental status, with focal
neurological deficits showing a strong association with acute
intracranial pathology™. This knowledge gap underscores the
importance of studying diagnostic yields and clinical outcomes
specifically in older adults.

Glasgow coma scale (GCS) serves as a fundamental neurological
assessment tool that has demonstrated strong prognostic
value across various clinical contexts'. A relationship between
assessments of the GCS and outcome was shown clearly,
demonstrating the existence of a continuous, progressive
association between increasing mortality after a head injury
and decreases in GCS score from 15 to 3'". The prognostic
utility of GCS extends beyond traumatic brain injury to various
neurological emergencies in older patients.
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Recent studies utilizing machine learning approaches have
demonstrated that key predictive factors for mortality include
metabolic syndrome, NEWS2 score, GCS, surgical status, bowel
movement status, potassium level, and aspartate transaminase
level. This evidence supports the integration of GCS with
neuroimaging findings for comprehensive risk stratification in
elderly patients.

The present study aims to evaluate the diagnostic yield of
brain imaging modalities (CT and MRI) in older adults (>65
years) presenting to the emergency department with non-
traumatic neurological symptoms, and to assess the prognostic
significance of neuroimaging findings in relation to GCS scores
and short-term clinical outcomes.

MATERIALS AND METHODS

This retrospective, observational study was conducted at
a tertiary care hospital emergency department. The study
protocol was approved by the institutional ethics committee,
and patient consent was waived due to the retrospective
nature of the study. This study was approved by the Sivas
Cumhuriyet University Non-Interventional Clinical Research
Ethics Committee (approval no: 2025-06/18, date: 12.06.2025).
All procedures were conducted in accordance with the ethical
standards of the institutional research committee and with the
1964 Helsinki Declaration and its later amendments.

All patients aged 65 years and older who presented to the
emergency department between January 1, 2025, and March 1,
2025, and required brain imaging were included in the study. All
patients underwent non-contrast head CT as the initial imaging
modality. Subsequent MRI was performed only in patients for
whom additional imaging was deemed clinically necessary
based on CT findings and/or persistent clinical suspicion, in
accordance with routine emergency department practice.
Inclusion criteria were age >65 years, emergency department
presentation during the study period, and brain imaging (CT
and/or MRI) performed during the emergency department visit.
Exclusion criteria included age <65 years, history of trauma,
and brain imaging with technical inadequacy or severe motion
artifacts preventing proper evaluation. The patient selection
process and imaging pathway are summarized in Figure 1.

Non-contrast brain CT was performed using a GE Revolution
Evo scanner (GE Healthcare, USA) standard axial acquisition
parameters with thin-section reconstruction, according to
institutional emergency imaging protocols. MRI examinations
were performed using a 1.5-T system (Siemens Magnetom
Aera, Siemens Healthineers, Erlangen, Germany) and included
mandatory sequences for acute neurological assessment: axial
T1-weighted, T2-weighted, fluid-attenuated inversion recovery,
diffusion-weighted imaging with corresponding apparent
diffusion coefficient maps, and susceptibility-weighted imaging,
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when available. MRI was used to assess acute ischemia, intracranial
hemorrhage, mass lesions, and other parenchymal abnormalities.

Patient data were retrospectively collected from the hospital
information management system. Demographics including
age, gender, and preliminary diagnoses recorded at emergency
department presentation were extracted. Brain CT images were
reviewed through the picture archiving and communication
system. Acute pathologies (e.g., ischemic stroke, hemorrhage)
and incidental findings (e.g., masses, aneurysms, calcifications)
were separately documented. For patients who underwent
MRI, imaging findings and reported diagnoses were similarly
evaluated and recorded. Clinical outcomes and emergency
department dispositions were categorized as discharged home,
death, admission to neurology or neurosurgery services, or
admission to other services for non-neurological diagnoses.
The term “general disorder” was used to describe non-specific
clinical presentations commonly observed in elderly emergency
patients, including generalized weakness, malaise, functional
decline, or nonspecific clinical deterioration.

Emergency Department Patients
265 years and non-contrast CT
performed
(n=743)

Normal CT Findings

(n = 589) Abnormal CT Findings

(n=154)

Subsequent MRI performed
(n=415)

*based on clinical indication

Normal MRI Findings
(n = 265)

Abnormal MRI Findings
(n=150)

Figure 1. Patient flow diagram of emergency neuroimaging
pathway in older adults

CT: Computed tomography, MRI: Magnetic resonance imaging



Nam Kem Med | 2026;14(3):234-242

BASPINAR et al. Emergency Neuroimaging in Older Adults

The GCS score was recorded at the time of initial emergency
department admission, prior to neuroimaging. Patients were
categorized as having normal consciousness (GCS=15) or
altered consciousness (GCS<15), with further subcategorization
into mild (GCS)™", moderate (GCS)*'?2, and severe (GCS)*®
impairment.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
version 23.0. Descriptive statistics included mean + standard
deviation, median, minimum and maximum values for
continuous variables, and frequencies with percentages for
categorical variables. The chi-square test or Fisher’s exact test
(when appropriate) was used to evaluate associations between
categorical variables. Normality of continuous variables was
assessed using the Kolmogorov-Smirnov or Shapiro-Wilk
tests. Independent sample t-tests were used for normally
distributed data, while Mann-Whitney U tests were applied
for non-parametric comparisons between two groups. For
multiple group comparisons, one-way ANOVA was used for
parametric data and Kruskal-Wallis test for non-parametric
data. Logistic regression analysis was performed to evaluate the
relationship between imaging findings and clinical outcomes
(hospitalization, mortality). Variables found to be significant
in univariate analysis were included in the multivariate model
to assess their independent effects on hospital admission or
mortality. A p-value<0.05 was considered statistically significant
for all analyses.

RESULTS

A total of 743 older adult patients with a mean age of 77.1+7.7
years were included in this study, with 52.8% being male
and 47.2% female (Table 1). The majority of patients (72.7%)
presented with normal GCS scores of 15, while 26.9% had
abnormal scores below 15 (GCS was not recorded in 3 patients,
0.4%)". The most common presenting symptoms were general
disorder (22.3%), dizziness (11.4%), and headache (9.4%).

Neuroimaging findings revealed significant differences
between CT and MRI diagnostic capabilities (Table 2). CT
imaging demonstrated abnormal findings in 20.7% of patients
(154/743). MRI, which was performed in a clinically selected
subset of patients following initial CT evaluation (n=415),
demonstrated a substantially higher diagnostic yield of 36.1%
(150/415, p<0.001). Cerebrovascular accident was the most
frequently identified pathology, detected in 12.0% of CT scans
and 26.7% of MRI examinations. Mass lesions were identified
in 2.8% of CT and 4.3% of MRI studies, while intraparenchymal
hemorrhage was found in 2.6% of CT and 1.9% of MRI cases.

Analysis of factors associated with abnormal brain imaging
revealed that age and gender were not significantly associated

with abnormal findings on either CT or MRI (Table 3). However,
GCS status emerged as a strong predictor of abnormal
neuroimaging results. Patients with abnormal GCS (<15)
demonstrated significantly higher rates of abnormal CT
findings (28.5% vs. 17.8%, p<0.001) and abnormal MRI findings
(46.7% vs. 33.1%, p=0.017) compared to patients with normal
GCS scores.

Overall mortality was low at 1.3% (10 of 743 patients), but

Table 1. Baseline characteristics and clinical presentation

Characteristic Total (n=743)

Age (years)

Mean =+ SD 771£7.7
Median (IQR) 76

Age groups, n (%)

65-74 years 293 (39.4%)
75-84 years 318 (42.8%)
>85 years 132 (17.7%)
Gender, n (%)

Male 392 (52.8%)
Female 351 (47.2%)

Glasgow Coma scale, n (%)

Normal (15) 540 (72.7%)
Mild (13-14) 62 (8.3%)
Moderate (9-12) 96 (12.9%)
Severe (3-8) 42 (5.7%)

Most common symptoms, n (%)

General disorder 166 (22.3%)

Dizziness 85 (11.4%)
Headache 70 (9.4%)
Speech disorder 66 (8.9%)
Fatigue 57 (7.7%)
Confusion 55 (7.4%)

SD: Standard deviation, IQR: Interquartile range

Table 2. Imaging findings and diagnostic yield

Findings CT (n=743) MRI (n=415)
589 (79.3%) | 265 (63.9%)
154 (20.7%) | 150 (36.1%)

Normal, n (%)
Abnormal, n (%)

Specific pathologies, n (%)

Cerebrovascular accident 89 (12.0%) 111 (26.7%)
Mass lesion 21 (2.8%) 18 (4.3%)
Intraparenchymal hemorrhage 19 (2.6%) 8 (1.9%)
Subdural/epidural hemorrhage 16 (2.2%) 7 (1.7%)
Meningioma 9 (1.2%) 6 (1.4%)
Diagnostic Yield (%) 20.7 36.17

"p<0.001 vs. CT (chi-square test), MRI: Magnetic resonance imaging, CT: Computed
tomography
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Table 3. Association between patient characteristics and CT/MRI abnormalities

Variable CT abnormal | CT normal | CT CT adjusted OR Zlbﬁ:ormal rl\:loﬁlmal MRI MRI adjusted OR
n (%) n (%) p-value | (95% Cl) n (%) n (%) p-value |(95% Cl)

Age groups

65-74 years 63 (21.5%) 230 (78.5%) 1.00 59 (35.1%) | 109 (64.9%) 1.00

75-84 years 65 (20.4%) 253 (79.6%) | 0.912 0.90 (0.61-1.34) | 66 (36.3%) | 116 (63.7%) | 0.892 1.07 (0.68-1.66)

>85 years 26 (19.8%) 106 (80.3%) 0.78 (0.46-1.33) | 25(38.5%) | 40 (61.5%) 1.06 (0.58-1.94)

Gender

Male 83 (21.2%) 309 (78.8%) 0.751 1.00 78 (36.8%) | 134 (63.2%) 0779 1.00

Female 71 (20.2%) 280 (79.8%) 1.05(0.73-1.50) | 72 (35.5%) | 131 (64.5%) 1.06 (0.70-1.59)

Glasgow Coma scale

Normal (GCS=15) 96 (17.8%) 444 (82.2%) <0.007" 1.00 106 (33.1%) | 214 (66.9%) 0.017" 1.00

Abnormal (GCS<15) 57 (28.5%) 143 (71.5%) 1.91(1.30-2.80)" |43 (46.7%) |49 (53.3%) 1.77 (1.10-2.86)"

Detailed GCS categories

Normal (GCS=15) 96 (17.8%) 444 (82.2%) 1.00 106 (33.1%) | 214 (66.9%) 1.00

Mild (GCS 13-14) 15 (24.2%) 47 (75.8%) 0.009" 1.48(0.79-2.75) | 14 (37.8%) | 23 (62.2%) 0.048" 1.23(0.61-2.49)

Moderate (GCS 9-12) 31 (32.3%) 65 (67.7%) 2.21(1.36-3.57)" | 26 (54.2%) | 22 (45.8%) 2.39(1.29-4.41)"

Severe (GCS 3-8) 11 (26.2%) 31 (73.8%) 1.64 (0.80-3.38) | 3 (42.9%) 4 (57.1%) 1.51(0.33-6.89)

Presenting symptoms

General disorder 24 (14.5%) 142 (85.5%) 0.47 (0.29-0.76)" | 20 (35.1%) | 37 (64.9%) 1.00

Headache 13 (18.6%) 57 (81.4%) <0.007" 0.63 (0.33-1.20) | 9 (29%) 22 (71%) <0.007" 0.76 (0.31-1.87)

Dizziness 5 (5.9%) 80 (94.1%) 0.17 (0.07-0.44)" | 4 (8%) 46 (92%) 0.16 (0.05-0.49)"

Other symptoms 112 (26.5%) | 310 (73.5%) 1.00 117 (42.2%) | 160 (57.8%) 1.35(0.75-2.43)

“p<0.05, statistically significant

CT: Computed tomography, MRI: Magnetic resonance imaging, GCS: Glasgow Coma scale, OR: Odds ratio, Cl: Confidence interval, adjusted OR calculated using multivariable

logistic regression including age group, gender, and GCS

demonstrated a critical pattern based on GCS status (Figure

1). All observed mortality occurred exclusively in patients Mortality Risk by GCS and Neuroimaging
presenting with an abnormal GCS score (<15), whereas no 10 =W CT Normal *Normal GCS (15): 0% mortality
. . 1 & cT Abnormal **Abnormal GCS (<15): Variable risk
fatalities were recorded among those with a normal GCS (15) ] CT Normal: 3.5%
] B8 MRI Normal CT Abnormal: 8.8%

regardless of imaging findings. Among patients with abnormal
GCS, mortality risk varied by imaging results: 3.5% for normal
(T, 8.8% for abnormal CT, (p=0.152), 2.0% for normal MRI,
and 14.0% for abnormal MRI (p=0.048). The highest mortality
risk was observed in patients with both abnormal GCS and
abnormal MRI findings (14.0%). Accordingly, a normal GCS

demonstrated a 100% negative predictive value for in-hospital Ei 2 Mortality rates stratified by Gl c |
. . e igure 2. Mortality rates stratifie asgow Coma scale
mortality (0/540 deaths). Mortality rates stratified by GCS status (G%S) status and nyeuroimaging resulzs - ggeriatric patients
and neuroimaging findings are illustrated in Figure 2. (n=743). Patients with normal GCS (15) demonstrated
0% mortality regardless of CT or MRI findings. In contrast,

Clinical outcomes analysis demonstrated that patients with patients with abnormal GCS (<15) showed variable mortality
abnormal neuroimaging had dramatically different hospital risk depending on imaging results: CT normal (3.5%), MRI

dispositions (Table 4, Figure 3). Among patients with abnormal CT normal (2.0%), CT abnormal (8.8%), and MRI abnormal
findings, 79.9% required hospitalization compared to only 20.9% (14.0%). The highest mortality risk was observed in patients

) . e . with both abnormal GCS and abnormal MRI findings. Black
of patients with normal CT (p<0.001). Similarly, 87.3% of patients bars represent normal GCS patients; patterned/gray bars

MRI Normal: 2.0%
MRI Abnormal: 14.0%

1 = MRI Abnormal

Mortality Rate (%)
T

Imaging Results

with abnormal MRI findings required hospitalization versus 24.5% represent abnormal GCS patients. Statistical significance was
with normal MRI (p<0.001). As illustrated in Figure 3, discharge achieved for GCS groups (p<0.001).
rates were correspondingly lower in patients with abnormal MRI: Magnetic resonance imaging, CT: Computed tomography
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imaging: 11.0% for abnormal CT versus 43.3% for normal CT, and
Hospital Disposition by 6.7% for abnormal MRI versus 50.6% for normal MRI.
Neuroimaging Findings
1 Other
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Abnormal neuroimaging was associated with significantly
elevated overall mortality rates. Patients with abnormal CT
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S 120+

-
0 o
o o
1 1

Percentage of patients (%
[=2]
o
1

40 Mortality Rates by Neuroimaging Findings
20 5
J CT_Normal
0- N X 4- —— Em CT_Abnormal
A s
& 2 @ MRI_Normal
NS e % MRI_Abnormal
[¢) é"',& > = _Abnorma
= 2
[}]
Imaging Results %
= 11
o_

Figure 3. Distribution of hospital disposition outcomes '

stratified by neuroimaging results in geriatric patients
(n=743). Stacked bar chart demonstrates the percentage
distribution of patient outcomes: discharged (bottom,
white), hospitalized (middle, gray), death (black), and
other dispositions (top, striped). Patients with abnormal
neuroimaging showed dramatically higher hospitalization
rates compared to normal imaging: CT abnormal (79.9% vs.
20.9% for CT normal, p<0.001) and MRI abnormal (87.3%
vs. 24.5% for MRI normal, p<0.001). Conversely, discharge
rates were significantly lower in abnormal imaging groups:
CT abnormal (11.0% vs. 43.3%) and MRI abnormal (6.7% vs.
50.6%). Mortality rates, while low overall, were consistently
higher in abnormal imaging groups. Each bar represents
100% of patients in that imaging category.

Imaging Modality

Figure 4. Comparison of mortality rates across different
neuroimaging categories in geriatric patients (n=743). Bar
chart displays mortality percentages for each imaging group:
CT normal (0.8%), CT abnormal (3.2%), MRI normal (0.4%), and
MRI abnormal (4.0%). Abnormal neuroimaging findings were
associated with significantly higher mortality rates compared to
normal findings: 3,9-fold increase for CT (p=0.021) and 11-fold
increase for MRI (p=0.006). MRI abnormal patients demonstrated
the highest mortality risk at 4.0%, while MRI normal patients had
the lowest risk at 0.4%. These findings highlight the prognostic
value of neuroimaging in geriatric patients and support risk

stratification for clinical decision-making.
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Table 4. Clinical outcomes and mortality analysis by imaging modality

CT imaging (n=743) MRI imaging (n=415)
Outcome Total Normal Abnormal | p-value | Total Normal Abnormal p-value*
n (%) n (%) n (%) n (%) n (%) n (%)
Hospital disposition
Discharged 272 (36.6%) | 255 (43.3%) | 17 (11.0%) | <0.001 | 144 (34.7%) | 134 (50.6%) | 10 (6.7%) <0.001
Hospitalized 246 (33.1%) | 123 (20.9%) | 123 (79.9%) | <0.001 | 196 (47.2%) | 65 (24.5%) | 131(87.3%) | <0.001
Death 10 (1.3%) 5 (0.8%) 5 (3.2%) 0.021 | 7(1.7%) 1 (0.4%) 6 (4.0%) 0.006
Other 215 (28.9%) | 206 (35.0%) |9 (5.8%) <0.001 | 68 (16.4%) 65 (24.5%) | 3 (2.0%) <0.001
Mortality by GCS status
Normal GCS (15) 540 (72.7%) | 444 (75.4%) | 96 (62.3%) | - 320 (77.1%) | 214 (80.8%) | 106 (70.7%) | -
Death in normal GCS 0/540 (0.0%) | 0/444 (0.0%) | 0/96 (0.0%) | <0.001 | 0/320(0.0%) | 0/214 (0.0%) | 0/106 (0.0%) | <0.001
Abnormal GCS (<15) 200 (26.9%) | 143 (24.3%) | 57 (37.0%) | -- 92 (22.2%) | 49(18.5%) | 43 (28.7%)
Death in abnormal GCS 10/200 (5%) | 5/143 (3.5%) | 5/57 (8.8%) | 0.152 7/92 (7.6%) | 1/49 (2.0%) | 6/43 (14.0%) | 0.048
Overall mortality
Total deaths [1003%  [5080 |5682% Jo021 |707%)  [104% [6(4.0%) | 0.006
CT: Computed tomography, MRI: Magnetic resonance imaging, GCS: Glasgow Coma scale
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95% Cl: 1.1-13.8, p=0.021], while abnormal MRI findings were
associated with markedly higher odds of mortality (OR=11.0,
95% Cl: 1.3-92.4, "p=0.006). A comparative overview of mortality
rates across different neuroimaging categories is presented in
Figure 4.

DISCUSSION

This study provides comprehensive evidence regarding the
diagnostic utility and prognostic significance of neuroimaging in
older adults presenting to the emergency department with non-
traumatic neurological symptoms. Our findings demonstrate
substantial differences between CT and MRI diagnostic
capabilities, with important implications for clinical decision-
making and patient outcomes in this vulnerable population.

Previous studies have consistently reported that MRI has
superior diagnostic sensitivity compared to CT in older patients
with acute neurological presentations. For example, Kabra et
al.”®. found that MRI identified clinically significant findings in
37% of cases, whereas (T detected abnormalities in only 16%'".
Similarly, Machner et al.” highlighted MRI’s ability to detect
small ischemic lesions and microbleeds that are often missed
on CT scans in older populations.

Our findings are in agreement with these studies. The superior
diagnostic yield of MRI compared to CT (36.1% vs. 20.7%,
p<0.001) observed in our study reinforces the enhanced
sensitivity of MRI for detecting acute neurological pathology.
MRI is superior to CT in identifying acute ischemia and can
detect both acute and chronic hemorrhage; therefore, it should
be the preferred modality for accurate diagnosis in patients with
suspected acute stroke>¢. Our findings extend this evidence to
encompass a broader spectrum of non-traumatic neurological
presentations in older adults, suggesting that MRI’s superior
tissue contrast resolution and sensitivity to subtle parenchymal
changes provide significant clinical advantages. Despite its
superior diagnostic sensitivity, the routine use of MRI in the
emergency setting—particularly among older adults—may be
limited by several practical factors. Prolonged acquisition times,
increased susceptibility to motion artifacts, reduced patient
cooperation, and clinical instability such as respiratory distress
can restrict the feasibility of MRI in acutely ill elderly patients.
These limitations underscore the continued importance of
(T as a rapid and widely available first-line imaging modality
in emergency care, while MRl may be reserved for selected
patients in whom clinical stability and logistical conditions
allow. It should be emphasized that the primary focus of
this study was not to compare identical pathologies detected
by CT and MRI, but to evaluate their overall diagnostic yield
and prognostic contribution within real-world emergency
department practice. While MRI provides superior tissue
characterization and prognostic stratification in clinically stable
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patients, the limited feasibility of MRI in unstable older adults
underscores the continued role of CT as the primary first-line
imaging modality in emergency settings.

The identification of cerebrovascular accidents as the most
common pathology (12.0% on CT, 26.7% on MRI) reflects
both the high prevalence of stroke in older populations
and the superior sensitivity of MRI for detecting acute
ischemic changes. This finding has important implications
for treatment decisions, particularly regarding thrombolytic
therapy and secondary stroke prevention measures, where
early and accurate diagnosis is crucial for optimal outcomes.
These results align with Masood et al.’®, who reported
cerebrovascular accident detection rates of 11.8% with CT
and 25.9% with MRI in older patients. Early ischemic changes
on non-contrast CT may be subtle or indirect, particularly
in elderly patients, which limits CT sensitivity in the
hyperacute phase. This limitation reflects inherent modality
characteristics rather than under-evaluation and underscores
the complementary role of MRI in the detection of acute
cerebral ischemia.

Our study demonstrates that GCS status serves as a powerful
predictor of both abnormal neuroimaging findings and clinical
outcomes. Navi et al."” observed that older patients with GCS
<15 had a 2.5-fold increased likelihood of positive findings
on CT or MRI. Furthermore, Felfela et al."® conducted a meta-
analysis showing a strong association between declining GCS
scores and mortality in older populations. Importantly, GCS was
assessed at the time of emergency department presentation,
prior to neuroimaging, and was analyzed as a clinical predictor
of imaging findings and outcomes; the reverse relationship was
not evaluated.

These findings are consistent with our results, where abnormal
GCS (<15) was associated with increased rates of abnormal
imaging findings (28.5% vs. 17.8% for CT, 46.7% vs. 33.1% for
MRI) and higher mortality. This supports the integration of
neurological assessment with imaging decisions. Although it is
one of the most powerful clinical prognostic features, neither the
GCS score nor any single feature alone should be used to predict
an individual patient’s outcome, as the prognostic implications
of the score are influenced by several factors™. In elderly
patients, the assessment of GCS may also be influenced by pre-
existing dementia, sensory impairment, or baseline cognitive
dysfunction, which should be considered when interpreting
GCS scores despite their strong prognostic value.

The finding that all mortality occurred exclusively in patients
with abnormal GCS scores provides crucial insight for clinical
practice. This observation suggests that normal consciousness
level (GCS=15) may serve as a powerful negative predictor for
short-term mortality, regardless of neuroimaging findings.
Among patients with altered consciousness, the combination
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of abnormal GCS and abnormal neuroimaging, particularly
MRI, identified the highest-risk group with 14.0% mortality.
This finding is consistent with recent evidence showing that
decreasing GCS is strongly associated with higher incidence of
mortality over time'*1,

The dramatic differences in hospital disposition patterns
based on neuroimaging results have significant implications
for healthcare resource allocation and capacity planning. The
finding that 87.3% of patients with abnormal MRI findings
required hospitalization versus 24.5% with normal MRI
represents a substantial impact on hospital resources and
patient flow. In the chaotic environment of the emergency
departments; complex, frail older adults with complex
conditions are sometimes subjected to prolonged lengths
of stay, excessive tests and iatrogenic complications®. These
findings support the development of evidence-based imaging
protocols that can optimize resource utilization while ensuring
appropriate care for high-risk patients.

The low discharge rates in patients with abnormal imaging
findings (11.0% for CT: 6.7% for MRI) demonstrate the clinical
significance of positive findings and support the value of
advanced neuroimaging in emergency decision-making. This
aligns with systematic evidence that appropriate imaging
improves diagnostic accuracy and guides management
decisions effectively?'.

The increased odds of mortality associated with abnormal
CT (OR=3.9) and MRI findings (OR=11.0) highlight the
prognostic value of neuroimaging beyond its diagnostic role.
Our study extends this concept to non-traumatic neurological
presentations, showing that the combination of consciousness
level and imaging findings provides powerful prognostic
information. The variation in mortality risk among patients
with abnormal GCS (ranging from 2.0% in MRI normal to
14.0% in MRI abnormal) demonstrates the additive prognostic
value of advanced neuroimaging. This stratification capability
has important implications for family counseling, treatment
intensity decisions, and goals-of-care discussions in older
adults.

Previous research has shown that older patients had significantly
higher GCS scores than younger patients in traumatic brain
injury contexts, suggesting that age-related factors may
influence neurological presentation patterns'. Additionally,
because many older adults have mobility difficulties, simply
getting them to the radiology department to conduct a scan
can be problematic, with image quality frequently being lower
and inadequate for diagnosis®. These practical considerations
highlight the importance of optimizing imaging protocols
for older adults and ensuring adequate support for safe and
effective scan acquisition.

Our findings support the development of risk stratification
algorithms  that incorporate both clinical assessment
(particularly GCS) and imaging findings to guide decision-
making in older adults with neurological presentations. The
superior diagnostic yield and prognostic value of MRI suggest
that broader access to emergency MRI services could improve
outcomes in selected high-risk older patients, particularly those
with altered consciousness. Neuroimaging should be performed
in patients who did not previously receive imaging and in whom
initial therapy has failed. In patients with new-onset delirium,
imaging should be considered if there is no other obvious
precipitating cause®. This evidence-based approach to imaging
utilization, combined with our findings regarding the prognostic
significance of neuroimaging results, supports the development
of more precise clinical pathways for older patients.

Study Limitations

This study has several limitations. First, the retrospective
study design may introduce selection bias, limits the ability
to establish causality, and resulted in non-standardized
documentation of focal neurological examination findings,
which were therefore not included in the analysis. Second, the
study population consisted of patients who had already been
selected for brain imaging in the emergency department, which
may have resulted in a higher pretest probability of abnormal
findings compared to the general emergency population.
Third, critically ill patients who were unable to undergo MRI
were not included, which could potentially underestimate
the diagnostic yield of MRI in the sickest subgroup Fourth,
our analysis did not distinguish between clinically significant
and incidental imaging findings, nor did it fully account for
morbidity outcomes such as functional impairment, changes
in functional independence, or neurological sequelae. Fifth,
comorbid conditions, medications, and other confounding
factors that might influence neuroimaging findings and
outcomes were not fully controlled. Because CT and MRI were
not uniformly applied to all patients and MRI was performed
selectively based on clinical indication following initial CT
evaluation, direct comparison of diagnostic yields between
imaging modalities is subject to selection bias. The observed
perfect negative predictive value of normal GCS for in-hospital
mortality should be interpreted with caution, as it reflects
short-term outcomes in a selectively imaged cohort and may
not be generalizable to longer follow-up periods or unselected
emergency populations. Finally, as this was a single-center
study, the generalizability of our findings to other healthcare
settings may be limited.

CONCLUSION

In conclusion, neuroimaging provides substantial diagnosticand
prognostic value in older adults presenting with non-traumatic
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neurological symptoms. The integration of GCS assessment and
advanced neuroimaging, particularly MRI, enables effective risk
stratification and supports critical clinical decisions regarding
hospitalization, treatment intensity, intensive monitoring,
and prognosis. These findings reinforce the importance of
implementing evidence-based clinical pathways that combine
clinical and imaging parameters to optimize the management
of older adults in emergency settings.
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Inability to Perform the Chair Stand Test Identifies a High-risk
Geriatric Phenotype Associated with Frailty and Nutritional
Impairment

Sandalyeden Kalkma Testini Yapamama: Frailty ve Beslenme Bozuklugu ile iliskili Yiiksek
Riskli Geriatrik Fenotip

® irem KIRAG UTKUT, @ Nezahat Miige CATIKKA$?

1Tekirdag Dr. Ismail Fehmi Cumalioglu City Hospital, Clinic of Internal Medicine, Division of Geriatrics, Tekirdag, Tiirkiye
2Sancaktepe Martyr Prof. Dr. ilhan Varank Training and Research Hospital, Clinic of Internal Medicine, Division of Geriatrics, istanbul, Tiirkiye

ABSTRACT

Aim: Inability to perform the Five-Times Chair Stand test is frequently observed in very old adults but is often excluded from analyses, leading to
an underestimation of advanced geriatric vulnerability. This study aimed to investigate whether inability to perform the Chair Stand test represents
a clinically meaningful high-risk functional phenotype and to compare the associations of clinical and biochemical nutritional indices with this
phenotype.

Materials and Methods: This retrospective cross-sectional study included 417 geriatric outpatients who underwent comprehensive geriatric
assessment. Chair Stand performance was categorized as <15, >155, or unable to perform. Nutritional status was assessed using the Mini Nutritional
Assessment-Short Form (MNA-SF), prognostic nutritional index (PNI), and controlling nutritional status (CONUT). Associations with frailty, functional
dependence, and physical performance were examined using correlation analyses and multivariable logistic regression.

Results: Overall, 39.1% of participants were unable to perform the Chair Stand test. These individuals had significantly higher frailty and activities of
daily living/instrumental activities of daily living dependency rates and poorer nutritional status. In adjusted models, higher MNA-SF and PNI scores
were independently associated with lower odds of inability to perform the test, whereas CONUT was not.

Conclusion: Inability to perform the Chair Stand test reflects a distinct state of advanced functional vulnerability closely linked to frailty and nutritional
impairment. Inability to perform the Chair Stand test identifies a clinically relevant high-risk geriatric phenotype and should be recognized as an
integral component of geriatric assessment rather than excluded from analyses.

Keywords: Geriatrics, frailty, malnutrition, geriatric assessment, functional dependence

0z
Amag: Five-Times Chair Stand testini tamamlayamama, cok ileri yastaki bireylerde sik goriilmesine ragmen ¢ogu zaman analizlerin disinda
birakilmakta ve bu durum ileri duizey geriatrik kinlganhgin oldugundan distik tahmin edilmesine yol agmaktadir. Bu calismanin amaci, Sandalyeden
Kalkma testini tamamlayamamanin klinik acidan anlamh yiksek riskli bir fonksiyonel fenotipi temsil edip etmedigini arastirmak ve bu fenotip ile
klinik ve biyokimyasal beslenme gostergeleri arasindaki iliskiyi karsilastirmaktir.

Gereg ve Yontem: Bu retrospektif kesitsel calismaya kapsaml geriatrik degerlendirmeden gecirilen 417 geriatrik poliklinik hastasi dahil edildi. Chair
Stand testi performansi <15 saniye, >15 saniye ve testi tamamlayamayanlar olarak siniflandirildi. Beslenme durumu Mini Nitrisyonel Degerlendirme-
Kisa Formu (MNA-SF), prognostik niitrisyonel indeks (PNI) ve kontrol edici niitrisyonel durum (CONUT) skorlari kullanilarak degerlendirildi. Kirillganlik,
fonksiyonel bagimlilik ve fiziksel performans ile iliskiler korelasyon analizleri ve cok degiskenli lojistik regresyon analizleri ile incelendi.
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Bulgular: Katihimalarin %39,1'i Chair Stand testini tamamlayamadi. Bu bireylerde kirilganhk ile giinliik yasam aktiviteleri ve enstriimantal gtinliik
yasam aktiviteleri bagimlilik oranlari anlamh derecede daha yiiksek, beslenme durumu ise daha kotiydi. Diizeltilmis modellerde, daha yiiksek
MNA-SF ve PNI skorlari testi tamamlayamama olasiliginin bagimsiz olarak daha dustik olmasiyla iliskili bulunurken, CONUT skoru ile anlamli bir iliski

saptanmadi.

Sonug: Chair Stand testini tamamlayamama, kirilganhk ve beslenme bozuklugu ile yakindan iliskili, ileri diizey fonksiyonel kirilganligi yansitan ayri
bir klinik durumu temsil etmektedir. Chair Stand testini tamamlayamama, klinik acidan énemli, yiiksek riskli bir geriatrik fenotipi tanimlamakta olup
analizlerden dislanmak yerine geriatrik degerlendirmenin ayrilmaz bir bileseni olarak kabul edilmelidir.

Anahtar Kelimeler: Geriatri, kirilganlik, malnttrisyon, geriatrik degerlendirme, fonksiyonel bagimlilik

INTRODUCTION

Physical performance measures are essential elements of
geriatric assessment, offering pragmatic insights into mobility,
functional capacity, and overall health status in older adults.
The Chair Stand test has become especially important among
these measures because it is a simple, equipment-free way to
measure lower extremity strength and functional reserve. It
has also been linked to disability, falls, institutionalization, and
death in older adults'. Historically, physical performance has
been assessed on a quantitative continuum, where extended
completion times signify inferior functional status. In the short
physical performance battery (SPPB), which has a repeated
chair stand part, longer completion times have been linked
to worse clinical outcomes in older adults, such as functional
decline, institutionalization, and death?.

Nonetheless, a crucial yet frequently neglected facet of physical
performance assessment in older adults is the condition of
being unable to complete the test. In the majority of studies,
individuals unable to complete physical performance tasks
are excluded from analyses, either regarded as missing data
or eliminated due to methodological limitations. This practice
consistently excludes the functionally weakest segment of the
geriatric population, leading to an underestimation of actual
functional vulnerability and potentially skewing observed
correlations with clinical outcomes'. Emerging evidence
indicates that the inability to execute a physical test is not
merely an outlier on a performance spectrum but signifies a
unique clinical condition correlated with expedited functional
deterioration, heightened care dependency, and increased
mortality>*.

From a clinical standpoint, the inability to execute the Chair
Stand test due to physical factors such as osteoarthritis, muscle
weakness, balance impairment, and mobility limitation may
indicate a qualitative threshold in geriatric health rather than
merely a quantitative decline in performance. Crossing this
threshold probably meansthat several geriatricsyndromes, such
as frailty, functional dependency, and decreased physiological
reserve, are coming together. Although its clinical plausibility
is evident, the inability to execute the Chair Stand test has
seldom been investigated as a distinct functional phenotype,
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and its broader ramifications for geriatric vulnerability remain
inadequately defined.

Malnutrition and the risk of malnutrition are significant public
health issues among older adults, with epidemiological studies
indicating prevalence rates of 20-45% among individuals aged
65 years and older in both community and clinical settings>®.
Age-related factors, including anorexia of aging, sensory
decline, oral and dental issues, decreased physical activity,
polypharmacy, and the progressive loss of functional capacity,
significantly contribute to the deterioration of nutritional status
as individuals age’. Malnutrition has significant repercussions
that transcend weight loss, impacting muscle strength, immune
function, wound healing, cognitive performance, mortality,
and overall quality of life®.

In geriatric practice, nutritional status is evaluated through
both clinically oriented instruments and laboratory-based
indices. The Mini Nutritional Assessment-Short Form (MNA-
SF) was specifically designed for older adults and includes
functional aspects pertaining to mobility and activities of
daily living (ADL), facilitating a multidimensional assessment
that closely correlates with geriatric syndromes®. Conversely,
biochemical indices like the prognostic nutritional index (PNI)
and the controlling nutritional status (CONUT) score were
initially developed as prognostic indicators in surgical and
oncological cohorts™". These laboratory-based indices, while
responsive to metabolic stress and immunological changes,
may only partially reflect the long-term functional effects of
chronic malnutrition in older adults'. It has been underscored
that dependence solely on biochemical parameters may
inadequately represent the functional aspect of nutritional
deficiency in geriatric cohorts™.

Malnutrition is intricately linked to fundamental geriatric
syndromes. Nutritional inadequacy has been linked to cognitive
decline, likely through mechanisms involving protein-energy
deficiency and micronutrient insufficiency. Epidemiological
studies indicate a heightened risk of cognitive impairment
in malnourished older adults™. Malnutrition exacerbates
muscle weakness and increases dependency by reducing
muscle mass and strength, thereby impairing performance in
basic and instrumental ADL™. Polypharmacy complicates
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this relationship by both contributing to malnutrition—by
impairing appetite, taste perception, and gastrointestinal
tolerance—and resulting from nutritional deterioration due to
heightened disease burden and treatment demands'”.

Even though there are well-known links between nutritional
status and functional outcomes, most studies so far have
only looked at people who could pass physical performance
tests. This means that they have assumed that there is a direct
link between poor nutrition and poor function. The clinical
importance of the incapacity to execute a basic physical task,
along with the various nutritional assessment methodologies
that illustrate this elevated-risk functional condition, has not
been thoroughly investigated. Combining clinically relevant
and laboratory-derived nutritional indices, while explicitly
includingindividualswho cannot undergo physical performance
assessments, may yield a more thorough comprehension of
advanced geriatric vulnerability.

This study seeks to determine if the inability to complete the
Chair Stand test in elderly individuals serves as a clinical marker
of advanced geriatric frailty. Additionally, it aims to compare
the efficacy of clinical Mini Nutritional Assessment-Short Form
(MNA-SF) and biochemical (PNI and CONUT) nutritional indices
in distinguishingthis high-risk functional phenotype concerning
frailty, functional dependence, cognitive performance, and
physical performance impairment.

Aim

The aim of this study is to investigate whether the inability to
perform the Chair Stand test in elderly individuals represents
a clinically meaningful high-risk functional phenotype, that is
frequently encountered in practice but commonly excluded
from research analyses, and to comparatively evaluate the
relationship between clinical (MNA-SF) and biochemical (PNI

and CONUT) nutritional indices and this high-risk functional
phenotype.

Hypothesis

We hypothesize that elderly individuals who are unable to
perform the Chair Stand test have a substantially higher burden
of frailty and functional dependency, and that this clinically
vulnerable phenotype is more consistently reflected by the
MNA-SF, which incorporates functional components, compared
with biochemical nutritional indices.

MATERIALS AND METHODS
Study Design and Sample

This study was designed as a retrospective observational study
with a cross-sectional analytical approach. Data were obtained

from older adults who presented to the geriatric outpatient
clinic of our hospital between 1 November 2024 and 1
November 2025. During this period, 417 consecutive individuals
who underwent a comprehensive geriatric assessment (CGA)
performed by a geriatric specialist were included in the study.

Demographic characteristics, clinical measurements, functional
assessments, cognitive screening results, and nutritional indices
were retrospectively extracted from the hospital information
management system and standardized outpatient clinic record
forms. For inclusion in the final sample, patients were required
to have complete clinical assessments and laboratory data
necessary for the calculation of nutritional indices.

To minimize the confounding effects of acute illness and
inflammation on nutritional biomarkers, individuals with
C-reactive protein (CRP) levels >5 mg/L, clinical evidence
of active infection, or acute medical conditions at the time
of assessment were excluded. Only patients who had been
evaluated during periods of clinical stability, with CRP values
below the predefined threshold, were included in the analysis.

During the study period, a total of 680 older adults were
screened in the geriatric outpatient clinic. Of these, 38
individuals were excluded due to evidence of acute infection
or elevated CRP levels at the time of assessment, and 125
individuals were excluded because of missing laboratory
data required for the calculation of nutritional indices. In
addition, 27 patients were unable to reliably complete the
physical performance tests due to insufficient understanding
of the assessment instructions, and 73 patients were excluded
because of incomplete components of the CGA. After these
exclusions, 417 patients with complete clinical and laboratory
evaluations were included in the final analysis. No missing data
were present for the variables analyzed in the study.

Laboratory Data

For the assessment of nutritional indices, laboratory parameters
including serum albumin, total cholesterol, and lymphocyte
count were extracted from fasting blood samples (>8 hours)
obtained during the geriatric outpatient visit or from laboratory
tests carried out concurrently with the comprehensive clinical
assessment.

For each patient, laboratory values closest to the date of
the CGA were used to ensure temporal consistency between
nutritional and clinical evaluations. The presence of normal
CRP levels across the study population allowed variations in
albumin and lymphocyte counts to be interpreted as reflecting
chronic nutritional status rather than acute inflammatory or
infectious processes.
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Nutritional Assessment

MNA-SF

MNA-SF scores were retrieved from standardized CGA records,
with total scores ranging from 0 to 14. Nutritional status was
classified as normal (>12 points), at risk of malnutrition (8—11
points), or malnourished (<7 points). For statistical analyses,
MNA-SF was evaluated both as a continuous variable and as a
categorical measure.

PNI

PNl was calculated according to the established formula:
PNI=10 x serum albumin (g/dL) + 0.005 x total lymphocyte
count (/mm?3). Based on conventional cut-off values, PNI scores
were categorized as normal (>50), moderate nutritional risk
(45—49), or high nutritional risk (<45), and were analyzed as
both continuous and categorical variables.

CONUT Score

The CONUT score was derived from serum albumin concentration,
total cholesterol level, and peripheral lymphocyte count, in
accordance with the established scoring criteria reported in
previous studies. Based on total score values, nutritional status
was categorized as normal (0-1 points), mild impairment (2-4
points), or moderate to severe malnutrition (>5 points). For
statistical analyses, the CONUT score was treated both as a
continuous variable and as a categorical classification.

Frailty and Functional Assessment

Frailty status was assessed using the Clinical Frailty scale
(CFS), which ranges from 1 to 9. Participants with CFS >5 were
classified as frail.

Basic ADL were assessed using the Katz index, and participants
with scores below 6 were classified as dependent in ADL
instrumental activities of daily living (IADL) were evaluated
with the Lawton IADL scale, with scores less than 8 indicating
dependency in instrumental activities.

Mini-mental state examination (MMSE) was used for descriptive
and group comparisons and was additionally included as a
covariate in multivariable regression models.

Physical Performance Assessment

Physical performance was evaluated using the Five-Times
Chair Stand test. Participants were instructed to rise from a
standardized chairand sit down five consecutive times as quickly
as possible without using their arms. Chair Stand performance
was categorized into three groups: <155, >15 s, and unable to
perform. The 15-second cut-off was selected based on previously
established geriatric performance thresholds associated with
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impaired lower extremity strength, frailty, and increased risk
of disability, rather than a data-driven quartile approach. A
fixed, clinically meaningful time threshold was preferred to
enhance interpretability and consistency with prior geriatric
literature. In line with the conceptual framework of the SPPB,
inability to perform the Chair Stand test was considered the
poorest performance category rather than missing data. Time-
based measurements were available only for participants who
completed the test (n=254). For analyses incorporating the
full cohort, Chair Stand performance was treated as an ordinal
variable (<15 s, >15 s, unable to perform), allowing inclusion
of individuals without time-based measurements; Spearman’s
rank correlation coefficient was used for correlation analyses in
the entire sample (n=417).

Statistical Analysis

Statistical analyses were conducted utilizing IBM SPSS Statistics
version 28. Continuous variables are displayed as either the
mean with standard deviation or the median with interquartile
range, depending on the distribution of the data. Categorical
variables are represented as frequencies and percentages. We
used the Kolmogorov-Smirnov test and graphical methods to
assess the distributional characteristics.

We used Welch’s t-test for continuous variables that were
normally distributed and the Mann-Whitney U test for non-
normal distributions to compare groups of participants who
could and could not complete the Five-Times Chair Stand test.
The chi-square test or Fisher’s exact test was used to compare
categorical variables, depending on what was needed.

Correlation analyses were conducted to examine the
relationships between nutritional indices (MNA-SF, PNI, and
CONUT score) and critical geriatric outcomes, including frailty
status as defined by the CFS dependency in basic and IADL,
and Chair Stand performance category. Due to the ordinal
characteristics of certain variables, Spearman’s rank correlation
coefficient was utilized.

To ascertain independent associations between nutritional
indices and functional outcomes, multivariable logistic
regression models were developed. The primary model
characterized the inability to complete the Five-Times Chair
Stand test as a binary outcome. Separate regression models
were also created for frailty (CFS >5), dependence in basic ADL
(Katz index <6), and dependence in IADL (Lawton IADL score
<8).

In every regression analysis, the MNA-SF, PNI, and CONUT score
were incorporated as independent variables, with adjustments
made for age, sex, body mass index, and cognitive performance
evaluated through the MMSE. We used variance inflation factor
values to check for multicollinearity, and all of them were less
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than 2.0. Odds ratios with 95% confidence intervals are used
to report effect estimates. A two-sided p-value below 0.05 was
used to define statistical significance.

Thisstudy received ethical clearance from the Scientific Research
Ethics Committee of Sancaktepe Martyr Prof. Dr. ilhan Varank
Training and Research Hospital (approval no: 2025/413, date:
14.11.2025) and was conducted in line with internationally
accepted ethical principles, including those of the Declaration
of Helsinki.

RESULTS

The study population consisted of 417 older adults with a
mean age of 82.9+4.9 years, of whom 65.7% were female.
According to the MNA-SF, 66.2% of participants had normal
nutritional status, while 29.7% were at risk of malnutrition and
4.1% were malnourished. Based on functional assessments,
69.3% of participants were classified as frail (CFS >5), 58.3%
had ADL dependency, and 58.0% had IADL dependency.
Regarding physical performance, 39.1% of the study population
were unable to perform the Chair Stand test, highlighting a
substantial burden of functional impairment in this geriatric
outpatient cohort. In addition, 30.0% of participants had
depressive symptoms based on a Geriatric Depression Scale-
Short Form score =5, and 54.9% were exposed to polypharmacy,
defined as the use of five or more medications (Table 1).

When participants were grouped according to their ability to
perform the Chair Stand test, 254 (60.9%) were classified as
able to perform, whereas 163 (39.1%) were unable to complete
the test. Compared with those able to perform, individuals
unable to perform the Chair Stand were significantly older
and demonstrated a markedly worse geriatric profile, with
substantially higher rates of frailty, ADL dependency, and IADL
dependency (all p<0.001). Nutritional status was also poorer in
the unable group, reflected by lower MNA-SF scores, lower PN
values, and higher CONUT scores. Body mass index did not differ
significantly between groups, while cognitive performance
assessed by MMSE was significantly lower among participants
unable to perform the Chair Stand test (Table 2).

Correlation analyses demonstrated that MNA-SF showed the
strongest associations with functional outcomes, displaying
a moderate-to-strong negative correlation with frailty and
positive correlations with both ADL and IADL scores. MNA-SF
was also moderately correlated with Chair Stand performance
when inability to perform the test was classified as the poorest
category. In contrast, PNI and CONUT exhibited weaker
correlations across functional domains, particularly in relation
to Chair Stand performance (Table 3).

In multivariable logistic regression analysis, higher MNA-SF
scores were independently associated with significantly lower

Table 1. Baseline clinical, nutritional, and functional
characteristics of the study population (n=417)

Variable :’orre;]ear;tation Value
Age (years) Mean £ SD 829149
BMI (kg/m?) Mean £SD | 27.9+5.8
MNA-SF Median (IQR) | 12 (10-13)
PNI Mean £ SD 51.7+5.8
CONUT Median (IQR) | 1(0-2)
CFS Median (IQR) | 5 (4-6)
MMSE Mean *+ SD 24.4+4.4
ADL (Katz) Median (IQR) | 5 (4-6)
IADL (Lawton) Median (IQR) | 6 (4-8)
Categorical variables (n, %)

Variable ‘ n %

Sex

Male 143 343
Female 274 65.7
MNA-SF categories

Normal (12-14) 276 66.2

At risk of malnutrition (8-11) 124 29.7
Malnutrition (<7) 17 4.1

PNI categories

Normal (=50) 274 65.7
Moderate risk (45-49) 100 24.0
High risk (<45) 43 103
CONUT categories

Normal (0-1) 303 727
Mild (2-4) 106 25.4
Moderate-severe (>5) 8 1.9
Frailty (CFS >5) 289 69.3

ADL dependency (Katz < 6) 243 58.3
IADL dependency (Lawton <8) 242 58.0
Depression (GDS-SF >5) 125 30.0
Polypharmacy (=5 medications) 229 54.9
Chair Stand categories

<15 seconds 89 21.3

>15 seconds 165 39.6
Unable to perform 163 39.1

Continuous variables are presented as mean + standard deviation (SD) for normally
distributed variables and as median (interquartile range, IQR) for non-normally
distributed variables. Categorical variables are presented as number (n) and
percentage (%). Chair Stand performance was categorized as <15 seconds, >15
seconds, and inability to perform the test. BMI: Body mass index, MNA-SF: Mini
Nutritional Assessment-Short Form, PNI: Prognostic Nutritional index; CONUT:
Controlling nutritional status, CFS: Clinical frailty scale, MMSE: Mini-mental state
examination, ADL: Activities of daily living, IADL: Instrumental activities of daily
living, GDS-SF: Geriatric Depression Scale-Short Form
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Table 2. Comparison of nutritional and functional characteristics between older adults able and unable to perform the Chair Stand test

Variable Able to perform (n=254) Unable to perform (n=163) p-value

Age (years) 82.1t4.8 843+4.8 <0.001

BMI (kg/m?) 27.615.1 28.416.8 0.187

MNA-SF 13 (12-14) 11 (10-13) <0.001

PNI 52.7+5.3 50.1£6.1 <0.001

CONUT 1(0-1) 1(0-2) 0.005

Frailty (CFS =5), n (%) 138 (54.3%) 151 (92.6%) <0.001

ADL dependency (Katz <6), n (%) 120 (47.2%) 123 (75.5%) <0.001

IADL dependency (Lawton<8), n (%) 103 (40.6%) 139 (85.3%) <0.001

MMSE 253%3.7 229451 <0.001

Continuous variables are presented as mean + standard deviation (SD) or median (interquartile range, IQR), as appropriate. Categorical variables are presented as number (n)
and percentage (%). Group comparisons were performed using Welch’s t-test for continuous variables presented as mean = SD, Mann-Whitney U test for non-normally distributed
variables, and chi-square test for categorical variables. Inability to perform was defined as inability to complete the Five-Times Chair Stand test within the standardized
assessment protocol, CFS: Clinical frailty scale, MMSE: Mini-mental state examination, ADL: Activities of daily living, IADL: Instrumental activities of daily living, MNA-SF: Mini
Nutritional Assessment-Short Form

Table 3. Correlations between nutritional indices and functional outcomes, with inability to perform the chair stand classified as the

poorest performance category

Nutritional index Frailty (CFS) ADL score (Katz) IADL score (Lawton) Chair Stand category
MNA-SF —0.48" +0.40 +0.50" -0.33"
PNI -0.25 +0.25" +0.24" -0.22"
CONUT +0.16" -0.20" -0.22" +0.16"

Values are Spearman’s rank correlation coefficients. *p<0.05. Frailty (Clinical Frailty scale, CFS) and Chair Stand performance were coded such that higher values indicate worse
functional status, with inability to perform the Chair Stand test classified as the poorest performance category. ADL (Katz index) and IADL (Lawton scale) scores were coded such
that higher scores indicate better functional independence. Accordingly, negative correlation coefficients indicate better nutritional status associated with lower frailty or better,
Chair Stand performance, whereas positive coefficients indicate better nutritional status associated with higher ADL and IADL scores (greater functional independence). MNA-SF:
Mini Nutritional Assessment-Short Form, PNI: Prognostic nutritional index, CONUT: Controlling nutritional status, CFS: Clinical frailty scale, ADL: Activities of daily living, IADL:
Instrumental activities of daily living

odds of inability to perform the Five-Times Chair Stand test [odds
ratio (OR) 0.79, p<0.001]. PNI also showed an independent but
more modest association with Chair Stand inability (OR: 0.94,

Table 4. Independent associations of nutritional indices and

cognitive performance with inability to perform the Five-Times
Chair Stand test

p=0.017), whereas CONUT was not independently associated Variable OR 95% Cl p-value
with the outcome. Increasing age (OR: 1.08 per year, p=0.002) MNA-SF 0.79 0.71-0.89 <0.001
and h.igher body mass indgx (BMI).(OR: 1.06 per kg/m?, p':O.QQS) PN 0.94 0.89-0.99 0.017
were independently a;soaated with mcreasr:zgl odds of inability CONUT 0.94 0.75-117 0.568
to perform the Chair Stand test. Cognitive performance,
assessed by MMSE, was not independently associated with Age (per year) 108 103113 0.002
Chair Stand inability after full adjustment (p=0.057). Sex was BMI (kg/m?) 1.06 1.02-110 0.005
not a significant predictor (Table 4). Sex (female) 145 0.89-2.31 0.129
MMSE 0.95 0.90-1.00 0.057

DISCUSSION

This study examined the clinical significance of inability to
perform the Chair Stand test in very elderly individuals and
its associations with frailty, functional dependency, cognitive
performance, and nutritional status. Our findings indicate that
inability to complete the Chair Stand test represents a distinct
and clinically identifiable functional phenotype reflecting

Results are derived from a fully adjusted multivariable logistic regression model
in which Mini Nutritional Assessment-Short Form (MNA-SF), Prognostic Nutritional
index (PNI), and controlling nutritional status (CONUT) score were entered
simultaneously and adjusted for age, sex, body mass index (BMI), and cognitive
performance assessed by the mini-mental state examination (MMSE). Inability to
perform the Five-Times Chair Stand test was used as the binary outcome. Odds
ratios (ORs) are presented with 95% confidence intervals (Cls). ORs <1 indicate lower
odds of inability to perform the test, whereas ORs >1 indicate higher odds

component of composite assessments such as the SPPB. In the

advanced geriatric frailty.

The Chair Stand test is a key measure of lower extremity
muscle strength and functional reserve and constitutes a core
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original SPPB framework, individuals unable to perform the
Chair Stand task are classified within the lowest performance
category, a status consistently associated with increased risks
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of disability, functional decline, and mortality?. Accordingly,
failure to perform the Chair Stand test should be interpreted
not merely as a quantitative extension of prolonged completion
time, but as a qualitative threshold indicating advanced
functional impairment.

Conversely, the current literature primarily assesses Chair
Stand performance through time-based metrics or composite
scores, often excluding individuals unable to complete the test
from analyses or omitting it for methodological reasons'. This
practice results in the oversight of the subgroup representing
the most significant functional impairment within the geriatric
population.

In our study, individuals unable to perform the Chair Stand
test demonstrated an exceedingly high prevalence of frailty,
markedly elevated rates of ADL and IADL dependency, and
poorer cognitive performance in group comparisons, indicating
that this cohort represents the segment of the geriatric
population with the most severe functional impairment.
Together, these findings underscore the central role of lower
extremity function in maintaining functional independence
in advanced age. These results are consistent with earlier
evidence identifying lower extremity performance as a major
determinant of disability and dependency>™.

Importantly, the inability to complete the Chair Stand test in our
study was not attributable to insufficient cognitive cooperation
but rather to genuine physical limitations, including
reduced muscle strength, balance impairment, mobility
restriction, and fear of falling. This observation reinforces the
interpretation that the “unable to perform” category reflects
a clinically meaningful loss of physical capacity rather than a
methodological artifact™".

In addition, nutritional status was closely associated with Chair
Stand performance. Individuals unable to execute the test
exhibited lower MNA-SF and PNI scores and higher CONUT
scores, supporting existing literature that links advanced
functional impairment with nutritional deficiency®22,

However, given the cross-sectional design of the present study,
the observed associations between nutritional status and
functional impairment should be interpreted as potentially
bidirectional rather than causal. While nutritional impairment
may contribute to muscle weakness, reduced physical
performance, and increased functional dependency, advanced
functional limitation may in turn exacerbate nutritional
deterioration through reduced mobility, impaired access
to food, decreased appetite, and greater care dependency.
Consequently, nutritional impairment and functional decline
likely interact in a reciprocal cycle, particularly among older
adults with advanced geriatric vulnerability.

Among the nutritional indices examined, MNA-SF showed the
most consistent association with inability to complete the Chair
Stand test. A likely explanation is that MNA-SF incorporates
functional elements, including mobility and daily activities,
in addition to nutritional parameters. Although this feature
may allow MNA-SF to better capture advanced geriatric
frailty, some of the observed associations may partly reflect
overlapping measurement domains. Therefore, MNA-SF should
be interpreted not solely as a nutritional assessment tool
but as a composite indicator of overall geriatric vulnerability
encompassing nutritional, functional, and health-related
dimensions.

In contrast, the purely biochemical indices PNI and CONUT
showed weaker correlations with Chair Stand performance.
Inflammatory states, chronic disease burden, and
pharmacological effects can influence parameters such as
serum albumin and total cholesterol, limiting the ability of
these indices to accurately reflect functional capacity in older
adults®?*. Indeed, previous studies have demonstrated weak
associations between biochemical markers, including serum
albumin, and functional performance outcomes?®.

Age was independently associated with inability to complete
the Chair Stand test in multivariable analyses, consistent
with prior evidence that cumulative age-related declines in
neuromuscular function, balance, and physiological reserve
substantially impair lower extremity performance. Even
in advanced age, chronological age remains a marker of
increased biological burden, particularly for mobility tasks
requiring muscle strength, coordination, and postural control.
Accordingly, inability to perform the Chair Stand test may be
viewed as a phenotype reflecting advanced-stage functional
frailty associated with age-related loss of reserve®.

Likewise, although BMI did not differ significantly in unadjusted
group comparisons, it emerged as an independent correlate
of Chair Stand inability after multivariable adjustment.
This apparent discrepancy likely reflects confounding and
suppression effects revealed after adjustment for age, frailty,
and other geriatric covariates. In advanced age, BMI is a
limited proxy for body composition; higher BMI values may
reflect increased fat mass rather than preserved muscle mass
and may coexist with sarcopenia or sarcopenic obesity?.
These phenotypes adversely affect lower extremity muscle
strength and physical performance. Therefore, the observed
association of BMI should be interpreted as an indirect marker
of unfavorable body composition rather than nutritional
adequacy.

Although individuals unable to perform the Chair Stand test
exhibited poorer cognitive performance, those who failed to
complete the test due to insufficient cognitive cooperation
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were excluded at the assessment stage. In line with this
classification, MMSE did not remain an independent predictor
in multivariable models, indicating that inability to perform
the test predominantly reflects physical rather than cognitive
limitations.

A key methodological strength of this study is that individuals
unable to perform the Chair Stand test were not excluded
from analyses but were instead treated as a distinct clinical
category representing the most severe functional impairment.
This approach minimized sample attrition and enabled a more
realistic assessment of the relationship between nutrition and
function in the geriatric population.

From a clinical perspective, inability to perform the Chair
Stand test should be regarded as a strong indicator of
advanced geriatric frailty and care dependency, warranting
CGA encompassing physical performance, nutritional status,
functional dependency, and cognitive function.

Study Limitations

This study has several limitations that should be acknowledged.
First, the single-center design may limit the generalizability of
the findings, as patient characteristics, referral patterns, and
clinical practices may differ across institutions. Therefore, the
observed associations—particularly those related to advanced
functional vulnerability—may partly reflect the profile of a
tertiary academic geriatric outpatient clinic.

Second, the retrospective and cross-sectional nature of the
study precludes causal inference. The observed relationships
between nutritional status, functional impairment, and
inability to perform the Chair Stand test can only be interpreted
as associations. The directionality of these relationships—
whether nutritional impairment precedes functional decline or
vice versa—cannot be determined.

Third, laboratory parameters used to calculate PNl and CONUT
were obtained within a limited time window around the clinical
assessment and may not fully capture longitudinal changes in
nutritional or inflammatory status. Although exclusion criteria
were applied to minimize the effects of acute inflammatory
states by removing individuals with acute infection or CRP levels
>5 mg/L, the possibility that chronic disease—related factors
may have influenced the results cannot be fully dismissed. In
addition, the MNA-SF includes functional components such as
mobility and ADL. Consequently, part of the strong association
observed between MNA-SF and frailty or functional outcomes
may reflect overlapping measurement constructs rather than
purely biological nutritional effects. Nevertheless, this overlap
mirrors real-world geriatric assessment, in which nutritional,
functional, and frailty domains are inherently interconnected
ratherthan independent. Importantly, the absence of significant
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multicollinearity among MNA-SF, PNI, and CONUT supports
the interpretation that these indices provide independent
contributions within multivariable models. However, the
persistence of MNA-SF as an independent predictor after
simultaneous adjustment for purely biochemical indices
supports its clinical—not merely methodological—relevance.

The use of cholesterol-lowering medications was not evaluated
separately in this study. As total cholesterol is a component of
the CONUT score, pharmacological lowering of cholesterol may
have influenced CONUT values in some participants, potentially
leading to an overestimation of malnutrition prevalence.
Nevertheless, even under these conditions, CONUT showed the
weakest associations with geriatric outcomes. Therefore, it is
unlikely that adjustment for lipid-lowering therapy would have
materially altered the main conclusions.

Finally, although inability to perform the Chair Stand test
was carefully evaluated and attributed primarily to physical
limitations rather than cognitive non-cooperation, the
categorization of physical performance remains dependent on
clinical judgment and may be influenced by contextual factors
such as fear of falling or temporary functional fluctuations.

Despite these limitations, the study is strengthened by its
relatively large sample size, minimal missing data, CGA, and—
most importantly—the deliberate inclusion of individuals
unable to perform the Chair Stand test rather than excluding
them from analysis. This methodological choice enhances
clinical relevance and reduces selection bias. Future prospective,
multicenter studies are needed to validate these findings and
to explore the longitudinal implications of inability to perform
simple physical performance tests in older adults, particularly
to assess the predictive validity of the “unable to perform”
phenotype for adverse clinical outcomes.

CONCLUSION

This study demonstrates that inability to perform the Chair
Stand test represents a clinically meaningful marker of
advanced functional vulnerability in older adults, characterized
by a high burden of frailty, functional dependency, cognitive
impairment, and nutritional risk. Treating “unable to perform”
as a valid functional category—rather than excluding these
individuals—provides a more realistic and clinically relevant
understanding of geriatric vulnerability.

Among the nutritional indices examined, MNA-SF showed the
most consistent associations with this high-risk functional
phenotype, whereas laboratory-based indices such as PNI and
CONUT demonstrated weaker and less stable relationships.
These findings suggest that nutritional tools incorporating
clinical and functional components are better aligned with
advanced geriatric vulnerability than indices based solely on
biochemical parameters.
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From a clinical perspective, the results support the integration
of simple physical performance assessments and functional
nutritional screening into routine geriatric evaluation. In
particular, inability to perform the Chair Stand test should be
recognizedasaredflagindicatingseverefunctional compromise,
warranting comprehensive geriatric and nutritional assessment
rather than being dismissed as missing or unmeasurable data.
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Tests for Liver Biopsy Findings in Treatment-naive, HBeAg-
negative Chronic Hepatitis B Patients
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ABSTRACT

Aim: Chronic hepatitis B (CHB) remains a major cause of liver-related morbidity and mortality worldwide. Liver biopsy is considered the reference
standard for assessing significant histopathological abnormality (SHA); however, its invasive nature and potential complications limit routine use. This
study aimed to evaluate the diagnostic performance of laboratory, radiological, and non-invasive indices in predicting significant histopathological
abnormalities in treatment-naive, HBeAg-negative CHB patients.

Materials and Methods: In this retrospective single-center study, adult HBeAg-negative, treatment-naive CHB patients who underwent liver biopsy
between 2010 and 2024 were evaluated. Liver histology was assessed using the Ishak fibrosis score and Knodell histological activity index (HAI).
Significant histological activity was defined as HAI >6 and/or fibrosis stage >2. Several non-invasive indices were calculated. Multivariable logistic
regression analyses were performed to identify independent predictors of high HAI and significant fibrosis. Diagnostic performance was assessed
using ROC curve analysis.

Results: A total of 148 patients were included. Higher hepatitis B virus DNA levels were independently associated with both high HAI [odds ratio
(OR): 1.7 per log,, increase, p=0.002] and significant fibrosis (OR: 1.3 per log,, increase, p=0.044). Lower serum albumin levels were independently
associated with high HAI (p=0.025). Among non-invasive markers, aspartate aminotransferase to platelet ratio index (APRI), showed the highest
accuracy for predicting high HAI [area under the curve (AUQ): 0.785; sensitivity 68.2%, specificity 85.0% at a cut-off >0.35]. The KING score
demonstrated the best performance for predicting significant fibrosis (AUC: 0.768; sensitivity 61.5%, specificity 87.8%). GUCI and Fibrosis-4 index also
showed good discriminatory ability.

Conclusion: Simple, routinely available non-invasive indices particularly APRI and KING scores demonstrate good diagnostic performance in
identifying SHA in HBeAg-negative CHB patients. These tools may help reduce the need for liver biopsy in selected patients and support clinical
decision-making, especially in settings where biopsy access is limited.
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0z
Amag: Kronik hepatit B (KHB), diinya genelinde karaciger iliskili morbidite ve mortalitenin baslica nedenlerinden biri olmaya devam etmektedir.
Karaciger biyopsisi, anlamli histopatolojik anormalligin (SHA) degerlendirilmesinde referans standart olarak kabul edilmekle birlikte, invaziv yapisi
ve olasi komplikasyonlari nedeniyle rutin kullanimini sinirlamaktadir. Bu calismada, tedavi almamis, hepatit B e antijeni negatif KHB hastalarinda
anlaml histopatolojik anormalligin 6ngortlmesinde laboratuvar, radyolojik ve non-invaziv indekslerin tanisal performansinin degerlendirilmesi
amaclanmistir.

Gereg ve Yontem: Bu retrospektif, tek merkezli ¢alismada, 2010-2024 yillari arasinda karaciger biyopsisi yapilan eriskin, HBeAg-negatif, tedavi
almamis KHB hastalari degerlendirildi. Karaciger histolojisi, Ishak fibrozis skoru ve Knodell histolojik aktivite indeksi (HAI) kullanilarak degerlendirildi.
Anlamli histolojik aktivite HAI >6 ve/veya fibrozis evresi >2 olarak tanimlandi. Cesitli non-invaziv indeksler hesaplandi. Yiksek HAI ve anlamli
fibrozisin bagimsiz belirleyicilerini saptamak amaciyla cok degiskenli lojistik regresyon analizleri yapildi. Tanisal performans ROC egrisi analizi ile
degerlendirildi.

Bulgular: Toplam 148 hasta calismaya dahil edildi. Daha ytksek hepatit B viriis (HBV) DNA diizeyleri, hem yiiksek HAI [olasilik orani (OR): log,  artis
basina 1,7; p=0,002] hem de anlamli fibrozis (OR: log,, artis basina 1,3; p=0,044) ile bagimsiz olarak iliskili bulundu. Daha diisiik serum albiimin
duzeyleri yuksek HAI ile bagimsiz olarak iliskiliydi (p=0,025). Non-invaziv belirtecler arasinda aspartate aminotransferaz/trombosit orani indeksi
(APRYI), yiiksek HAI'yi ongormede en yiiksek dogrulugu gosterdi [egri altinda kalan alan (AUQ): 0,785; >0,35 kesim degerinde duyarlilik %68,2, 6zgulluk
%85,0]. KING skoru ise anlamli fibrozisi ngormede en iyi performansi gosterdi (AUC: 0,768; duyarlilik %61,5, 6zgulltik %87,8). GUCI ve FIB-4 de iyi
ayirt edici performans sergiledi.

Sonugc: Ozellikle APRI ve KING skoru olmak iizere, kolay uygulanabilen ve rutin olarak kullanilabilen non-invaziv indeksler, HBeAg-negatif KHB
hastalarinda anlamli histopatolojik anormalliklerin belirlenmesinde iyi tanisal performans gostermektedir. Bu araglar, uygun hastalarda karaciger
biyopsisi gereksinimini azaltmaya yardimci olabilir ve 6zellikle biyopsiye erisimin kisith oldugu merkezlerde klinik karar verme stirecini destekleyebilir.

Anahtar Kelimeler: APRI, kronik hepatit B, KING skoru, karaciger biyopsisi, non-invaziv belirtecler

INTRODUCTION

Hepatitis B virus (HBV) infection remains a major global public
health challenge. As reported by the World Health Organization
in its latest update from July 2025, an estimated 254 million
people were living with chronic hepatitis B (CHB) worldwide
in 2022. Additionally, HBV-related complications, including
cirrhosis and hepatocellular carcinoma (HCC), accounted for
approximately 1.1 million deaths during the same year'. In
Turkiye according to Viral Hepatitis Prevention and Control
Program for 2018-2023, there have been approximately 3.3
million patients with CHB infection?.

Chronic HBV infection is classified into five distinct clinical
phases based on a combination of serological markers, liver
function tests, HBV DNA levels, and liver biopsy findings. The
decision to initiate antiviral therapy is primarily guided by
serum alanine aminotransferase (ALT) levels and HBV DNA
concentrations. In cases where these criteria are not clearly
met, liver biopsy is recommended to assess the degree of
hepatic inflammation and fibrosis®.

Percutaneous liver biopsy is widely regarded as the gold
standard for assessing the extent of liver injury. However, its
application is limited due to its invasive nature and the risk
of serious complications, including bleeding, pneumothorax,
hemothorax, organ perforation, bile peritonitis, infections
such as bacteremia, abscess formation, or sepsis, as well as
hemobilia and neuralgia®.

In Turkiye, antiviral treatment is covered by national health
insurance for patients with evidence of cirrhosis or those with
contraindications to liver biopsy, such as coagulopathy. In most

other cases histopathological evaluation through liver biopsy
is required to access reimbursed HBV treatment. The aim of
this retrospective study is to evaluate the effectiveness of non-
invasive methods in assessing liver damage, with the ultimate
goal of reducing the need for liver biopsy.

MATERIALS AND METHODS
Study Setting and Patients

Patients who presented to the infectious diseases and clinical
microbiology outpatient clinic between June 1, 2010, and June
1, 2024, were retrospectively evaluated. Adult patients (=18
years) who were hepatitis B surface antigen (HBsAg) positive,
hepatitis B e antigen (HBeAg) negative, treatment-naive, and
who had undergone liver biopsy were eligible for inclusion.
During the study period, a total of 435 HBsAg positive patients
were identified.

Patients were excluded if they had hepatitis C virus co-infection
(n=3), human immunodeficiency virus co-infection (n=4),
malignancy (n=4), insufficient clinical or laboratory data
(n=45), HBeAg positivity (n=31), unavailable HBeAg records
(n=41), or follow-up without liver biopsy (n=159). After applying
these exclusion criteria, the final study cohort consisted of
148 treatment-naive adult patients with HBeAg-negative CHB
infection who underwent liver biopsy after a minimum follow-
up period of one year.

Demographic characteristics (age and sex), laboratory parameters
[hemoglobin, platelet count, aspartate aminotransferase
(AST), ALT, total bilirubin, alkaline phosphatase (ALP), gamma-
glutamyl transferase (GGT), international normalized ratio
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(INR), alpha-fetoprotein (AFP) and albumin], virological data
(HBV-DNA levels), and histopathological findings were obtained
from patients’ medical records. At the hospital where the study
was conducted, the upper limit of normal for AST and ALT was
defined as 40 1U/L.

Liver biopsy specimens were evaluated using the Ishak fibrosis
score and the Knodell histological activity index (HAI) to assess
fibrosis and necroinflammation®. Under the regulations of the
Turkish Social Security Institution Healthcare Implementation
Communiqué, histopathological criteria constitute a valid
indication for initiating antiviral therapy in Tirkiye. Patients
meeting the definition of significant histological activity
(fibrosis stage >2 and/or necroinflammatory activity grade >6)
are considered eligible for treatment.

This study was approved by the Ethics Committee for Non-
interventional Research of Tekirdag Namik Kemal University by
(decision no: 2025.215.11.12, date: 25.11.2025) in accordance
with the Declaration of Helsinki.

Non-invasive indices of Liver Fibrosis

* AST to platelet ratio index (APRI) = [(AST/AST upper limit of
normal (U/L)/platelet count (10°/L)] x 100,

« AST-ALT ratio = (AAR): AST (U/L)/ALT(U/L),

* Age-GGT-AST-platelet score AGAP) = [AST (U/L) x GGT (U/L) | x
[age/platelet count? (10°/L)],

« Fibrosis-4 index (FIB-4) = [age x AST (U/L)]/[platelet count
(109/L) x VALT (U/L)],

* Fibro alpha =1.35 + [AFP (ug/L) x 0.009584] + [AST (U/L)/ALT
(U/L) x 0.243] - [platelet count (10°/L) x 0.001624],

* Fibro Q =[(10 x age x AST (U/L) x INR)/(platelet count (10°/L)]
x ALT (U/L),

* Fibrosis-cirrhosis index (FCl) = [(ALP (U/L) x bilirubin (mg/
dL)/[ (albiimin (g/dL) x platelet count (10°/L)],

* DOHA score = 8.5-[0.2 x albtimin (g/dL) + [0.01x (AST (U/L)]
- [0.02 xplatelet count (10°/L)],

* GUCI = Normalized AST (U/L) x INR x 100/platelet count
(10°/L),

* KING’s score = age x AST (U/L) x INR/platelet count (10°/L)

Statistical Analysis

Data were analyzed using IBM SPSS Statistics for MacOS, version
30.0 (IBM Corp., Armonk, NY, USA). Categorical variables were
presented as numbers and percentages [n (%)], while continuous
variables were summarized as median and interquartile range
[median (IQR)]. Group comparisons were performed using the
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Mann-Whitney U test for continuous variables and the chi-
square test or Fisher’s exact test for categorical variables, where
appropriate. Multivariable logistic regression analyses were
conducted to identify factors associated with high HAI (HAI >6)
and fibrosis (fibrosis >2). Variables that were clinically relevant
andfoundto besignificantin univariable analyses were included
in the multivariable models. To avoid collinearity, the AST/ALT
ratio was used instead of AST and ALT individually, and HBV
DNA levels were log-transformed (log, HBV DNA) to represent
viral replication better. Platelet count was included as a marker
of portal hypertension, and serum albumin level was included
as an indicator of hepatic functional reserve. To evaluate the
diagnostic performance of non-invasive tests, widely used
biochemical indices in CHB, including APRI, FIB-4, GUCI, KING,
AGAP, DOHA, and Fibro-Q scores, were assessed using ROC
curve analysis. The area under the curve (AUC), optimal cut-
off values, sensitivity, and specificity were calculated for each
score. A p-value <0.05 was considered statistically significant.

RESULTS

The distribution of demographic and clinical characteristics
of patients according to low (HAI<6) and high (HAI >6) HAI
scores is presented in Table 1. Patients in the high HAI group
had significantly higher HBV DNA levels compared with those
in the low HAI group (p<0.001). Markers of hepatocellular
injury, including AST and ALT were also significantly elevated
in the high HAI group (p<0.001). Furthermore, categorical
analysis of ALT levels demonstrated that higher ALT strata
were markedly more frequent among patients with high HAI
scores (p<0.001). Although platelet counts tended to be lower
in the high HAI group, this difference did not reach statistical
significance (p=0.066). Serum albumin levels were significantly
higher in the low HAI group (p=0.007), suggesting a relative
preservation of hepatic functional reserve in patients with less
severe histological inflammation. With regard to non-invasive
liver injury indices, APRI, KING, GUCI, and AGAP scores were all
significantly higher in patients with high HAI scores (p<0.001).

The demographic and clinical characteristics of patients with
low (F<2) and high fibrosis (>F2) scores are summarized in Table
2. Patients with high fibrosis had significantly higher HBV DNA
levels(age and sex). Platelet counts were significantly lower in
the high fibrosis group (p=0.010). Among the non-invasive tests,
FIB-4, APRI, Fibro Q, KING, GUCI, DOHA and AGAP scores were
significantly higher in patients with high fibrosis (p<0.001).

Each 1 log,, increase in HBV DNA levels was associated with an
approximately 1.7-fold higher risk of having a high HAI score
(=6) (p=0.002). Patients with an AST/ALT ratio >1 had a nearly
60% lower likelihood of high HAI compared with those with an
AST/ALT ratio <1 (OR: 0.4; p=0.034). Each 1 g/dL decrease in
serum albumin level was associated with a significantly lower
likelihood of high HAI (OR: 0.2; p=0.025) (Table 3).
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Table 1. Comparison of laboratory and radiological findings of patients with HAI <6 and HAI >6

Parameters HAI<6 HAI=6

(n=60) (n=88) p-value
(n=148) n (%) or median (IQR) n (%) or median (IQR)
Gender 0.018
Male 30 (50) 61 (69.3)
Female 30 (50) 27 (30.7)
Age (years) 45.5 (36.5-52) 46 (38.5-56.5) 0.228
HBV DNA (1U/L) 13126 (4372,5-55377) 293024 (12372-8189502) <0.001
Fibrosis score <0.001
<2 53 (88.3) 24 (27.3)
>2 7(11.7) 64 (72.7)
Hemoglobin (g/dL) 13.7 (12.9-15) 14.8 (13.3-15.3) 0.032
Platelet count (mm?) 212 (178-251) 198 (164-235) 0.066
AST (IU/L) 21(17-25.9) 35 (24-58) <0.001
ALT (IU/L) 21 (16-30) 49.5 (28.5-100.1) <0.001
<40 49 (81.7) 32 (36,4)
40-80 7(11.7) 26 (29.5) <0.001
>80 4(6.7) 30 (34.1)
AST/ALT ratio <0.001
<1 31(51.7) 72 (81.8)
>1 29 (48.3) 16 (18.2)
ALP (1U/L) 70.5 (53.5-88) 77 (63-95.5) 0.120
GGT (U/L) 17 (12-23) 17.5 (12-27) 0.542
AFP (ng/L) 2.4(1.6-3.7) 2.7 (1.7-4.2) 0.327
INR 1(0.9-1.1) 1(0.9-1.1) 0.496
Total bilirubin (mg/dL) 0.5 (0.3-0.7) 0.5 (0.3-0.8) 0.480
Albumin (g/L) 4.6 (4.4-4.8) 4.5 (4.2-4.6) 0.007
Ultrasonography 0.006
Normal 39 (65) 57 (64.8)
Hepatic steatosis 1-2 20 (33.3) 15(17)
Hepatic steatosis 3-4 1(1.7) 10 (11.4)
Irregularity in liver contours 0(0) 6 (6.8)
Non-invasive tests
FIB-4 0.9(0.6-1.2) 1.1(0.7-1.7) 0.005
APRI 0.2 (0.2-0.3) 0.5(0.3-0.8) <0.001
Fibro Q 1.5(1-1.9) 1.8 (1.1-2.6) 0.106
AAR 1(0.7-1.1) 0.7 (0.6-0.8) <0.001
DOHA 3.6 (2.7-4.3) 4 (3.5-5) 0.006
Fibro alpha 1.3(1.2-1.3) 1.2(1.2-1.3) 0.202
FCl 0.04 (0.02-0.05) 0.05 (0.02-0.09) 0.027
GuCl 0.37 (0.27-0.49) 0.74 (0.44-0.12) <0.001
KING 4.1 (2.7-6) 7.7 (4.6-16.3) <0.001
AGAP 0.3 (0.2-0.8) 0.9 (0.4-2.2) <0.001

AFP: Alpha-fetoprotein, AGAP, age-GGT-AST-platelet score, ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, APRI: Aspartate aminotransferase to platelet ratio index,
AST: Aspartate aminotransferase, AAR, AST/ALT ratio, FCl: Fibrosis-cirrhosis index, GGT: Gamma-glutamyl transferase, HBV: Hepatitis B virus, FIB-4: Fibrosis-4 index, INR:
International normalized ratio, IQR: Interquartile range, significance set at p<0.05
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Table 2. Comparison of laboratory and radiological findings of patients with fibrosis <2 and fibrosis >2

Parameters Fibrosis <2 Fibrosis >2

(n=77) (n=71) p-value
=) n (%) or median (IQR) n (%) or median (IQR)
Gender 0.013
Male 40 (51.9) 51(71.8)
Female 37 (48.1) 20 (28.2)
Age (years) 45 (35-53) 47 (39-57) 0.095
HBV DNA (1U/L) 16879 (5688-124233) 188239 (12372-8189502) <0.001
HAI <0.001
<6 53 (68.8) 79.9)
>0 24 (31.2) 64 (90.1)
Hemoglobin (g/dL) 13.8(12.8-15) 14.9 (13.9-15.4) 0.009
Platelet count (mm?) 213 (182-250) 193 (157-233) 0.010
AST (1U/L) 22 (18.3-32) 34 (24-65) <0.001
ALT (1U/L) 24 (18-42) 49 (27-108) <0.001
<40 56 (72.7) 25(35.2)
40-80 13 (16.9) 20 (28.2) <0.001
>80 8(10.4) 26 (36.6)
AST/ALT ratio 0.007
<1 46 (59.7) 57 (80.3)
>1 31(40.3) 14 (19.7)
ALP (1U/L) 74 (54-90) 76 (61-96) 0.189
GGT (IU/L) 17 (12-22) 18 (12-30) 0.181
AFP (ug/L) 2.5(1.6-3.7) 2.7 (1.7-4.6) 0323
INR 1(1-1.1) 1(0.9-1.1) 0.286
Total bilirubin (mg/dL) 0.5(0.3-0.7) 0.6 (0.3-0.7) 0.450
Albumin (g/L) 4.5 (4.4-4.7) 4.5 (4.3-4.6) 0.168
Ultrasonography 0.060
Normal 51 (66.2) 45 (63.4)
Hepatic steatosis 1-2 22 (28.6) 13 (18.3)
Hepatic steatosis 3-4 3(3.9) 8(11.3)
Irregularity in liver contours 1(1.3) 5(7)
Non-invasive tests
FIB-4 0.9 (0.6-1.2) 1.2 (0.8-1.8) <0.001
APRI 0.3(0.2-0.4) 0.5(0.3-0.8) <0.001
Fibro Q 1.4(0.9-1.8) 2.1(1.4-3.2) <0.001
AAR 0.9 (0.7-1.1) 0.7 (0.6-0.9) 0.006
DOHA 3.6(2.8-4.3) 4.2 (3.5-5.1) 0.001
Fibro alpha 1.2 (1.2-1.3) 1.2 (1.2-1.3) 0.533
FCl 0.03 (0.02-0.06) 0.05 (0.03-0.08) 0.029
Gudl 0.43(0.30-0.61) 0.75 (0.41-1.40) <0.001
KING 4.5 (3.2-6.4) 8.2 (4.5-17.3) <0.001
AGAP 0.4 (0.2-0.8) 0.9 (0.4-2.3) <0.001
AFP: Alpha-fetoprotein, AGAP, age-GGT-AST-platelet score, ALP: Alkaline phosphatase, ALT: Alanine aminotransferase, APRI: Aspartate aminotransferase to platelet ratio index,
AST: Aspartate aminotransferase, AAR, AST/ALT ratio, FIB-4: Fibrosis-4 index, GGT: Gamma-glutamyl transferase, HAI: Histological activity index, HBV: Hepatitis B virts, INR:
International normalized ratio, IQR: Interquartile range, significance set at p<0.05
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Each 1 log<sub>10</sub> IU/mL increase in HBV DNA levels
was independently associated with an approximately 1.3-fold
increased risk of advanced fibrosis (p=0.044) (Table 4).

Among the non-invasive markers, the APRI score demonstrated
the highest discriminatory ability for predicting high HAI
scores, with an AUC of 0.785 (95% CI: 0.710-0.860). Using a
cut-off value of >0.350 for APRI, the sensitivity and specificity
were 68.2% and 85.0%, respectively. GUCI and KING scores also
showed good discriminatory performance, with AUC values of
0.753 (95% Cl: (0.673-0.833) and 0.740 (95% Cl: 0.659-0.820),
respectively (Figure 1). The KING score demonstrated the
highest discriminatory ability for predicting advanced fibrosis,
with an AUC of 0.768 (95% Cl: 0.667-0.869). Using a cut-off
value of >6.995, the sensitivity and specificity were 61.5% and
87.8%, respectively. The APRI [AUC: 0.756; (95% Cl: 0.654-0.857);
sensitivity: 66.7%, specificity: 75.5%] and FIB-4 [AUC: 0.747; (95%
Cl: 0.640-0.854); sensitivity: 69.2%, specificity: 79.6%] scores
also showed comparably good performance in distinguishing
fibrosis (Figure 2).

Table 3. Multivariable logistic regression analysis for HAl >6

Variables OR (95% ClI) p-value
Gender

Female Reference

Male 2.0(0.8-4.7) 0.118
HBV DNA (log) 1.7 (1.2-2.4) 0.002
AST/ALT ratio

<1 Reference

>1 0.4 (0.2-0.9) 0.034
Platelet count (mm?3) 1.0 (0.9-1.1) 0.812
Albumin (g/dL) 0.2 (0.1-0.8) 0.025
KING 1.0 (0.9-1.1) 0.933

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HBV: Hepatitis
B virus, HAI: Histological activity index, OR: Odds ratio, CI: Confidence interval,
significance set at p<0.05

Table 4. Multivariable logistic regression analysis for fibrosis >2

Variables OR (95% Cl) p-value
Gender

Female Reference

Male 1.8 (0.8-4.0) 0.118
HBV DNA (log) 1.3(1.1-1.8) 0.044
AST/ALT ratio

<1 Reference

>1 0.6 (0.3-1.5) 0.304
Platelet count (mm?3) 1.0 (0.9-1.1) 0.477
Albumin (g/dL) 0.2 (0.1-0.8) 0.449
KING 1.0 (0.9-1.1) 0.394

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HBV: Hepatitis
B virus, HAI: Histological activity index, OR: Odds ratio, CI: Confidence interval,
significance set at p<0.05

DISCUSSION

In this study, the demographic, laboratory, radiological, and
non-invasive test characteristics of 148 patients diagnosed with
CHB who underwent liver biopsy were evaluated. We aimed to
retrospectively investigate the predictive factors for liver fibrosis
or/and high HAI referred to as significant histopathological
abnormality (SHA), in order to indicate the need for treatment.
Multivariate analysis identified HBV-DNA as a significant
predictor for detecting SHA in CHB infection. Additionally, ROC
analysis showed that the APRI score demonstrated the highest
discriminatory power for predicting significant histological
activity, while the KING score was the most effective in
identifying advanced fibrosis. GUCI score also exhibited good
overall performance.

CHB represents a dynamic disease state resulting from the
complex and evolving interaction between HBV replication and
the host immune response®. Patients receiving antiviral therapy
have been shown to experience a 40-60% reduction in the risk
of developing HCC compared with untreated individuals®.
Liver biopsy remains the gold standard for assessing the
degree of hepatic fibrosis in patients with CHB; however, its
invasive nature, potential for serious complications, high cost,
and limitations related to the heterogeneous distribution of
histopathological changes within the liver parenchyma have
prompted the search for alternative assessment methods. Given
the critical role of liver fibrosis in guiding treatment decisions
and predicting complications in CHB, non-invasive, simple, and
cost-effective scoring systems have been developed to facilitate
fibrosis evaluation without the need for biopsy.

When our results were compared with those of Abdo et al’,
who investigated predictors of highfibrosis (>F2), notable
similarities were observed. In both studies, advanced age,
elevated AST levels, and reduced serum albumin and platelet
counts emerged as independent predictors of significant
fibrosis. In addition, Ozdemir et al.® demonstrated significant
correlations between HAI scores and AST, ALT, and HBV DNA
levels. Diktas et al.’ reported significant correlations between
HAIl scores and AST, ALT, and HBV DNA levels in HBeAg-negative
patients with CHB. In this study, several of these associations
were corroborated. Higher AST and ALT levels, elevated HBV
DNA, and particularly an AST/ALT ratio <1 were identified
as predictors of significant histological activity in univariate
analysis. In multivariate analysis, HBV DNA emerged as the
main independent predictive factor. Previous studies have
demonstrated a negative correlation between platelet count
and the degree of fibrosis'®2. Consistent with these findings,
our study showed lower platelet counts in patients with higher
fibrosis scores (p=0.01). In addition, several studies have
reported that reduced serum albumin levels are significant
determinants in predicting the extent of liver damage™™. In
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\EELIES AUC (95% Cl) Cut-off Sensitivity (%) Specificity (%)
AGAP 0.702 (0.616-0.789) <0.001 >0.499 68.2 71.7
APRI 0.785 (0.710-0.860) <0.001 >(0.350 68.2 85.0
DOHA 0.633 (0.541-0.724) 0.004 >3.645 68.2 56.7
FIB-4 0.636 (0.546-0.726) 0.003 >1.265 40.9 86.7
GUCI 0.753 (0.673-0.833) <0.001 >0.574 64.8 83.3
King 0.740 (0.659-0.820) <0.001 >6.958 58.0 85.0
1.0
0.8
iy
:E 0.6
§ Source of the
) Curve
04 — AGAP
— APRI
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Figure 1. ROC curves of non-invasive scores for predicting high histological activity (HAl >6)

AGAP, age-GGT-AST-platelet score, AUC: Area under the curve, Cl: Confidence interval, APRI: Aspartate aminotransferase to platelet ratio index, GGT:
Gamma-glutamyl transferase, Cl: Confidence interval, FIB-4: Fibrosis-4 index, HAI: Histological activity index, AST: Aspartate aminotransferase, GUCI:

Gothenburg University Cirrhosis index, significance set at p<0.05

this study, serum albumin levels were found to be significantly
lower in patients with HAI >6 in multivariate analysis (p=0.025).

Previous studies have reported that the AUC values of APRI for
predicting significant fibrosis range from 0.61 to 0.787, with
cut-off values varying between 0.47 and 1'>'8, In this study,
the cut-off value for significant fibrosis was determined to be
0.35, which is lower than those reported in the literature. In
a study conducted by Lee et al.’, APRI and FIB-4 scores were
shown to have performance comparable to liver biopsy in risk
stratification for liver-related morbidity and mortality among
patients with non-alcoholic fatty liver disease. In a multicenter
study conducted by Korkmaz et al.”in patients with CHB, APRI
and FIB-4 were identified as the non-invasive models with the
highest diagnostic accuracy for fibrosis staging. In the present
study, APRI was found to have a particularly strong predictive
value for identifying SHA.
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In the study by Karacaer et al.” 277 patients were divided into
two groups according to the Ishak fibrosis score: the first group
included patients with mild fibrosis (0-2), and the second group
comprised those with advanced fibrosis (3-6). In that study,
GUCI, KING, APRI, and FIB-4 scores were found to be statistically
significant in differentiating between the two groups. In a study
conducted by Dong et al.? KING score was found to be the most
successful scores in distinguishing significant fibrosis in patients
with CHB. According to thisstudy, GUCI and KING scores were
effective in differentiating advanced significant fibrosis from
mild HAI in patients with CHB, with AUROC values of 0.731 and
0.768, respectively. In previous studies, both GUCI and KING
scores also demonstrated significant discriminative ability, as
reflected by their AUROC values, in distinguishing patients with
advanced fibrosis from those with no or low-grade fibrosis'™.
In our study, ROC analysis demonstrated that the KING score
was significantly effective in predicting fibrosis stage >2, with
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\EELIES AUC (95% Cl) Sensitivity (%) Specificity (%)
AGAP 0.739 (0.633-0.846) <0.001 >0.499 71.8 73.5
APRI 0.756 (0.654-0.857) <0.001 >0.350 66.7 75.5
FIB-4 0.747 (0.640-0.854) <0.001 >0.995 69.2 79.6
FIBRO-Q 0.706 (0.594-0.819) <0.001 >1.825 61.5 77.6
Guda 0.731(0.624-0.838) <0.001 >(0.587 61.5 79.6
KING 0.768 (0.667-0.869) <0.001 >6.995 61.5 87.8
1.0
0.8
Y
§ 0.6
g
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Figure 2. ROC curves of non-invasive scores for predicting significant fibrosis (fibrosis >2)

AGAP, age-GGT-AST-platelet score; AUC: Area under the curve, Cl: Confidence interval, APRI: Aspartate aminotransferase to platelet ratio index, GGT:
Gamma-glutamyl transferase, Cl: Confidence interval, FIB-4: Fibrosis-4 index, AST: Aspartate aminotransferase, GUCI: Gothenburg University Cirrhosis

index, significance set at p<0.05

an AUC of 0.768, and HAI >6, with an AUC of 0.740. Similarly,
the GUCI score showed significant discriminative ability for both
fibrosis stage >2 and HAI >6, yielding high AUC values of 0.731
and 0.758, respectively. In a study conducted by Xiao-Qiu Dong
in treatment-naive patients, the Fibro-Q test demonstrated
an AUC of 0.720 for predicting >F3 fibrosis and an AUC of
0.810 for predicting >F5 fibrosis'™. In this study, the diagnostic
performance of the Fibro-Q score for predicting SHA was found
to be lower than that of other non-invasive tests.

Study Limitations

This study has several limitations. First, its single-center and
retrospective design represents the most important limitation,
which may restrict the generalizability of the findings. In
addition, the inability to apply non-invasive methods across
large and diverse patient populations, the use of different
fibrosis scoring systems, variability in histopathological

assessment by pathologists with differing levels of expertise,
and heterogeneity in patient ethnicity and viral genotypes
have hindered the standardization of any single non-invasive
marker.

CONCLUSION

In conclusion, although the number of studies investigating
non-invasive methods as alternatives to liver biopsy has
increased in recent years, an adequate level of diagnostic
accuracy has not yet been achieved. In addition to APRI, we
believe that the King score is particularly valuable for providing
insight into significant histological activity of the liver and
may serve as a useful adjunct in the non-invasive assessment
of disease severity. These findings suggest that simple, APRI
and KING scores may serve as valuable tools in the clinical
evaluation of CHB patients, potentially reducing unnecessary
liver biopsy in selected patients.
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Three-dimensional Morphometric Analysis of the Zygomatic Arch
and Temporozygomatic Suture: Implications for Asymmetry and
Sexual Dimorphism

Arcus Zygomaticusun ve Sutura Temporozygomatica'nin U¢ Boyutlu Morfometrik Analizi:
Asimetri ve Cinsel Dimorfizm Acisindan Degerlendirme
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ABSTRACT

Aim: The zygomatic arch (arcus zygomaticus) forms a critical anatomical bridge between the viscerocranium and neurocranium, contributing to
facial width, aesthetics and masticatory biomechanics. The temporozygomatic suture, which connects the temporal and zygomatic components of
the arch, plays an important role in midfacial stability and is frequently involved in surgical interventions. Despite its clinical relevance, detailed
three-dimensional morphometric data regarding the localization and variability of this suture remain limited. The aim of this study was to evaluate
the three-dimensional morphometric localization of the temporozygomatic suture along the zygomatic arch and to determine side- and sex-related
differences.

Materials and Methods: This retrospective study was conducted using computed tomography—based three-dimensional reconstructions. Standardized
orientation protocols were applied, and morphometric measurements were obtained to assess the localization of the temporozygomatic suture along
the zygomatic arch. Analyses were performed with respect to side-related asymmetry and sex-related differences.

Results: The findings revealed significant sexual dimorphism in several projection-related parameters of the zygomatic arch. A consistent left-sided
predominance was observed in the localization of the temporozygomatic suture and in measurements related to the temporal process of the
zygomatic bone, whereas the zygomatic process of the temporal bone demonstrated relative stability across sexes and sides.

Conclusion: The results indicate that variability of the zygomatic arch is segment-specific and influenced by both sex and laterality. Recognition of
these three-dimensional anatomical patterns may improve surgical planning, radiological interpretation, and forensic assessments involving the
zygomatic and temporal regions.

Keywords: Zygomatic arch, zygoma, cephalometry, facial asymmetry

0z
Amag: Zigomatik ark (arcus zygomaticus), visserokranium ile nérokranium arasinda kritik bir anatomik kopri olusturarak yiiz genisligi, estetik
gortinim ve cigneme biyomekanigine katkida bulunur. Zigomatik arkin temporal ve zigomatik bilesenlerini birlestiren temporozigomatik stitir, orta
yuz stabilitesinde 6nemli bir rol oynar ve cerrahi girisimlerde siklikla yer alir. Klinik 6nemine ragmen, bu sitiiriin lokalizasyonu ve degiskenligine iliskin
ayrintili tic boyutlu morfometrik veriler sinirhdir. Bu ¢alismanin amaci, temporozigomatik siitiriin zigomatik ark boyunca ti¢ boyutlu morfometrik
lokalizasyonunu degerlendirmek ve taraf ile cinsiyete bagli farkliliklar belirlemektir.
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GeregveYontemler: Bu retrospektif calisma, bilgisayarlitomografitemelli tic boyutlu rekonstriiksiyonlar kullanilarak gerceklestirildi. Standartlastiriimis
oryantasyon protokolleri uygulandi ve temporozigomatik sitirin zigomatik ark boyunca lokalizasyonunu degerlendirmek amaciyla morfometrik
olctimler yapildi. Analizler, taraflar arasi asimetri ve cinsiyete bagh farkliliklar agisindan gerceklestirildi.

Bulgular: Bulgular, zigomatik arkin projeksiyonuna iliskin cesitli parametrelerde belirgin cinsiyet farkliliklari oldugunu gosterdi. Temporozigomatik
suttrtn lokalizasyonunda ve zigomatik kemigin temporal ¢ikintisina iliskin 6l¢timlerde tutarl bir sol taraf baskinhigi saptanirken, temporal kemigin
zigomatik cikintisi cinsiyetler ve taraflar arasinda goreceli olarak daha stabil bulundu.

Sonug: Bulgular, zigomatik arkin degiskenliginin segmente 6zgii oldugunu ve hem cinsiyet hem de taraf farkliliklarindan etkilendigini gostermektedir.
Bu ti¢c boyutlu anatomik paternlerin taninmasi, zigomatik ve temporal bolgeleri ilgilendiren cerrahi planlamanin, radyolojik degerlendirmelerin ve

adli tip incelemelerinin gelistiriimesine katki saglayabilir.
Anahtar Kelimeler: Zigomatik ark, zigoma, sefalometri, yliz asimetrisi

INTRODUCTION

The zygomatic arch (arcus zygomaticus) is a prominent
anatomical bridge connecting the viscerocranium to the
neurocranium and plays a pivotal role in the structural
integrity and transverse dimension of the facial skeleton'.
Composed of the temporal process of the zygomatic bone (2)
and the zygomatic process of the temporal bone (TE), the arch
contributes significantly to facial width and cheek prominence,
rendering it a key structure in both facial aesthetics and
reconstructive procedures such as reduction malarplasty*°.
Functionally, it serves as the primary origin site of the masseter
muscle, transmitting substantial masticatory forces through the
midface and thereby influencing regional bone morphology
and cortical architecture®”.

The junction between the zygomatic and temporal components
forms the temporozygomatic (zygomaticotemporal) suture, a
laterally projecting articulation that is particularly vulnerable
to traumatic injury*®. Accurate knowledge of the topographic
anatomy of this region is therefore essential for minimizing
complications during maxillofacial surgical procedures,
including zygomatic implant placement and osteotomies
performed for facial reconstruction*. Despite its clinical
importance, the temporozygomatic suture has received
comparatively limited attention in morphometric research,
particularly when contrasted with more extensively studied
craniofacial sutures.

Advances in 3D imaging techniques, including computed
tomography (CT) and cone-CT (CBCT), have markedly
improved the precision of craniofacial morphometric
analyses'!". Previous three-dimensional imaging studies have
demonstrated that craniofacial structures exhibit considerable
age- and sex-related morphometric variability, particularly in
anatomically complex regions, underscoring the necessity of
precise three-dimensional localization™". Unlike traditional
two-dimensional radiography, 3D reconstruction enables
detailed visualization of sutural maturation and measurement
of specific anatomical landmarks without distortion caused by
superimposition™'. These techniques have been facilitated
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the classification of zygomatic arch shapes and the assessment
of symmetry in the midfacial region®".

However, despite growing interest in the zygomatic complex,
quantitative data regarding the precise three-dimensional
localization of the temporozygomatic suture along the
zygomatic arch remain scarce. While the maturation and
morphology of the zygomaticomaxillary suture have been
widely categorized, the temporozygomatic suture is often
simplified as a linear junction in biomechanical models, despite
evidence demonstrating its complex interdigitated structure
and age-related morphological changes®. Although this suture
is known to remain patent into late adulthood, frequently
not fusing until the seventh decade of life, its positional
variability within adult populations has not been sufficiently
documented®®. This lack of precise morphometric localization
limits both biomechanical modeling and the reliability of
surgical landmarks in the temporal fossa region.

Therefore, the aim of this study was to quantitatively evaluate
the three-dimensional localization of the temporozygomatic
suture along the zygomatic arch using CT-based reconstruction
methods, with particular emphasis on side-related asymmetry
and sex-related differences. By providing detailed morphometric
data, this study seeksto enhance anatomical accuracy in forensic
anthropology, improve preoperative planning in maxillofacial
surgery, and contribute to the development of safer surgical
approaches involving the temporal and zygomatic regions.

MATERIALS AND METHODS
Study Design and Sample Selection

This retrospective study was performed on cranial CT images. An
a priori power analysis for the primary mixed-design model (F
test, repeated measures within—between interaction) indicated
arequired total sample size of 34 (f=0.25, a=0.05, power=0.80);
the study included 50 subjects (27 males, 23 females) aged 18-
77 years (43.93+13.48 in males, 40.57+16.19 years in females)
who underwent CT examinations for various clinical indications
at the Department of Radiology, Zonguldak Biilent Ecevit
University Faculty of Medicine. CT datasets with adequate image
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quality and complete visualization of the zygomatic arch were
included in the analysis. Subjects with a history of craniofacial
trauma, congenital craniofacial anomalies, pathological bone
lesions or prior surgical interventions involving the zygomatic
or temporal region were excluded.

Ethical approval for the study was obtained from the Zonguldak
Bulent Ecevit University Non-Interventional Clinical Research
Ethics Committee (decision no: 2020/16-14, date: 05.08.2020),
and the study protocol complied with the principles of the
Declaration of Helsinki.

Image Processing and Three-Dimensional Reconstruction

All CT datasets were transferred to Horos software (version 4.0.0;
open-source medical image viewer), where 3D reconstructions
were generated using standardized thresholding protocols. To
ensure consistency across measurements, all reconstructed skull
models were reoriented prior to analysis. The Frankfort horizontal
plane was used as the primary reference plane, and the median
sagittal plane was established as the midline reference.

Measurements involving mediolateral distances relative to
the midline were performed on the norma frontalis, whereas
parameters related to the length and segmentation of the
zygomatic arch were obtained on the norma lateralis, following
optimal visualization of the arch contours and sutural
landmarks.

Morphometric Measurements

For segmental measurements of the zygomatic arch, the sutura
temporozygomatica was used as the anatomical junction
separating the temporal process of the Z and the zygomatic
process of the TE. For the Z measurement, the anterior endpoint
was defined as the origin of the temporal process on the Z, and
the posterior endpoint as the temporozygomatic suture. For
the TE measurement, the anterior endpoint corresponded to
the temporozygomatic suture, and the posterior endpoint to
the root of the zygomatic process of the TE.

The temporozygomatic suture was identified on 3D
reconstructions based on the anatomical junction between the
temporal process of the Z and the zygomatic process of the TE.
Localization was performed by examining the suture line on
multiplanar reconstructions and confirming it on 3D surface
renderings.

The following parameters were defined and measured
bilaterally (R: right, L: left): the distance between the midline
and the projection of the most prominent point of the
zygomatic arch on the norma frontalis (R-MZ and L-MZ); the
distance between the midline and the most medial point of
the outer border of the zygomatic process of the frontal bone
(R-MF and L-MF); the total length of the zygomatic arch (RT and

L-T); the length of the zygomatic process of the temporal bone
(R-TE and L-TE); and the length of the temporal process of the
zygomatic bone (R-Z and L-Z).

All measurements were performed as linear (straight-line)
distances between predefined anatomical landmarks using
the measurement tools embedded within the Horos software
environment and recorded in millimeters.

Statistical Analysis

Statistical analyses were performed using GraphPad Prism version
10.6.1 (GraphPad Software, San Diego, CA, USA). The normality
of data distribution was assessed using the Shapiro-Wilk test.
Because the right and left anatomical measurements were
obtained from the same individuals, these data were evaluated
as paired samples. Accordingly, normally distributed paired
data were analyzed using the paired t-test and are presented as
mean * standard deviation (mean % SD), whereas non-normally
distributed paired data were analyzed using the Wilcoxon signed-
rank test and are presented as median (25%-75M percentile).

Comparisons between male and female groups, which consisted
of independent samples, were performed according to data
distribution. Normally distributed data were analyzed using
the unpaired t-test with Welch’s correction and are presented
as mean £ SD. Non-normally distributed data were analyzed
using the Mann-Whitney U test and are reported as median
(25"-75" percentile). When data distributions differed between
groups, non-parametric tests were preferred.

Age comparisons between male and female participants
were performed using the independent samples t-test after
confirming normality. A p-value of less than 0.05 was considered
statistically significant.

All measurements were performed by a single experienced
observer under blinded conditions with respect to the patients’
sex and age. To assess intraobserver reliability, the same observer
repeated the measurements on a randomly selected subset
corresponding to approximately 20% of the sample after an
interval of two weeks. The intraclass correlation coefficient, based
on a two-way mixed-effects model with absolute agreement,
was 0.991, demonstrating excellent measurement consistency.
Interobserver reliability was not evaluated in this study.

RESULTS

The study population consisted of adult male and female
subjects, and morphometric measurements of the zygomatic
arch and its components were evaluated with respect to side-
related asymmetry and sex-related differences. The mean age
of the women was 40.57+16.19 years, whereas the mean age of
the men was 43.93413.48 years, with no statistically significant
difference between the groups (p=0.4269).
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Analysis of mediolateral projection parameters demonstrated
a consistent left-sided predominance of the zygomatic arch in
both sexes. In female subjects, the distance from the median
line to the most prominent point of the zygomatic arch (L-MZ:
64.92+2.687) was significantly greater than the corresponding
right-side measurement (R-MZ: 62.46%3.43) (p=0.001). Asimilar
pattern was observed in males, with L-MZ values [70.30 (67.00-
71.80)] exceeding R-MZ values [68.80 (65.30-70.40)] (p=0.0276).
When sex-based comparisons were performed, both R-MZ
and L-MZ values were significantly greater in males than in
females (both p<0.001), indicating a more laterally prominent
zygomatic arch configuration in males (Figure 1).

A comparable left-sided predominance was identified for the
distances from the median line to the most medial point of the

outer border of the frontal zygomatic process. In females, L-MF
(48.57£2.191) was significantly greater than R-MF (47.23£2.523)
(p=0.0012). In males, L-MF50.9942.167 was likewise significantly
greater than R-MF 50.07+2.089 (p=0.0194). Furthermore,
both R-MF and L-MF values were significantly greater in males
compared with females (p<0.0001 and p<0.0003, respectively),
further supporting the presence of sex-related differences in
lateral facial projection (Figure 1 and Table 1).

In contrast to these projection-related parameters, no
statistically significant side-related differences were detected
in the total length of the zygomatic arch in either sex. In
females, R-T (44.20+4.252) and L-T (44.38%5.190) values were
comparable, and a similar bilateral symmetry was observed
in males, with no significant difference between R-T [49.10
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p=0.0010 75 =00010 p<0.0001
70
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60
55— :
RMZ  L-MZ Malo Female Male Female
R-MF L-MF
= p=0.0194
p=0.0012 p=0.0001 p=0.0003

Male Female

RMF L-MF Male Female

R-MF L-MF

Figure 1. Assessment of mediolateral projection of the zygomatic arch and sex-based comparisons

R-MZ: Right midline-to-zygomatic bone distance, L-MZ: Left midline-to-zygomatic bone distance, R-MF: Right midline-to-frontal bone zygomatic process

distance, L-MF: Left midline-to-frontal bone zygomatic process distance

Table 1. Comparison of morphometric parameters according to side (right vs. left) and sex

Female Female p (R-L) Male Male p (R-L) p (Female-Male)

R-MZ 62.461+3.432 68.80 (65.30-70.40) <0.0001

0.0010 0.0276
L-MZ 64.921+2.687 70.3 (67.0-71.80) <0.0001
R-MF 47.23+£2.523 50.07£2.089 <0.0001

0.0012 0.0194
L-MF 48.57+2.191 50.99+2.167 0.0003
R-T 44.20+4.252 49.10 (46.10-49.80) 0.0017

0.8003 0.3895
L-T 44.38£5.190 48.10 (45.10-51.30) 0.0318
R-TE 35.91+4.063 38.10 (36.40-41.40) 0.1299

0.7867 0.0001
L-TE 36.10£3.934 36.20 (31.10-38.80) 0.6960
R-Z 8.296+1.774 8.50 (7.40-12.10) 0.1386

0.9773 0.0003
L-Z 8.283+2.401 10.50 (8.30-14.50) 0.0039
Data are presented as mean + standard deviation or median (25"-75" percentile), depending on data distribution. Paired comparisons were performed using paired t-test or
Wilcoxon signed-rank test. Between-group comparisons were performed using unpaired t-test or Mann-Whitney U test, as appropriate, R-MZ: Right midline-to-zygomatic bone
distance, L-MZ: Left midline-to-zygomatic bone distance, R-MF: Right midline-to-frontal bone zygomatic process distance, L-MF: Left midline-to-frontal bone zygomatic process
distance
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(46.10-49.80)] and L-T [48.10 (45.10-51.30)]. However, sex-based
comparisons revealed that total arch length was significantly
greater in males than in females on both sides (p=0.0017 and
p=0.0318, respectively) (Figure 2 and Table 1).

Evaluation of the length of the zygomatic process of the TE
demonstrated no significant side-related differences in either
sex. In females, R-TE (35.91£4.063) and L-TE (36.10£3.934)
values did not differ significantly, and a similar finding was
obtained in males, in whom R-TE [38.10 (36.40-41.40)] and
L-TE [36.20 (31.10-38.80)] were comparable. In addition, no
statistically significant differences were observed between
males and females for either R-TE or L-TE (Figure 2 and Table 1).

In contrast, analysis of the temporal process of the Z revealed
a distinct pattern. While no significant difference was observed
between R-Z (8.296%1.774) and L-Z (8.283+2.401) in females,
male subjects exhibited a significantly greater L-Z [10.50
(8.30-14.50)] length than R-Z [(8.50 (7.40-12.10)] (p=0.0003),
indicating a left-sided predominance specific to the male group.
When sex-based comparisons were performed, no significant
difference was observed for R-Z values; however, L-Z values
were significantly greater in males than in females (p=0.0039)
(Figure 2 and Table 1).

Overall, the results indicate that side-related asymmetry of
the zygomatic arch was observed primarily in projection-
related parameters and the temporal process of the Z, with
a pronounced left-sided dominance, particularly in males. In

contrast, the zygomatic process of the TE exhibited relative
symmetry and did not show significant sex-related variation.

DISCUSSION

The morphological architecture of the zygomatic complex
plays a pivotal role in facial esthetics and biomechanics,
serving as a primary buttress for masticatory loads and a key
determinant of facial width. Our morphometric study provides
a detailed three-dimensional morphometric evaluation of the
zygomatic arch and the temporozygomatic suture, revealing
distinct patterns of sexual dimorphism and side-related
asymmetry. By analyzing both projection-related parameters
and the individual components of the zygomatic arch, our
findings extend existing knowledge beyond traditional linear
craniofacial measurements and offer anatomically meaningful
insights with direct clinical relevance.

Sex-related differences constituted a prominent feature of our
results. Measurements reflecting the mediolateral projection
of the zygomatic arch were consistently greater in males
than in females, supporting previous reports that identify the
zygomatic region as one of the most sexually dimorphic areas
of the craniofacial skeleton3”'. While earlier studies have
largely focused on global indices such as bizygomatic width,
the present analysis demonstrates that this dimorphism is not
uniformly distributed across the arch. Specifically, elongation
of the temporal process of the Z, rather than the zygomatic
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Figure 2. Morphometric analysis of zygomatic arch length and its components according to side and sex
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process of the TE, appears to contribute more substantially to
the observed sex differences. This finding aligns with geometric
morphometric evidence suggesting that sexual dimorphism
in the zygomatic region is expressed through complex surface
remodeling rather than simple linear expansion’.

A notable finding of this study is the consistent left-sided
predominance observed in projection-related measurements
and, in males, in the temporal process of the Z. Facial
asymmetry is a well-recognized biological phenomenon, and
perfect bilateral symmetry is rare in the human craniofacial
skeleton'®". Supporting this notion, Ozen et al.> demonstrated
significant side-related differences in the localization of the
temporozygomatic suture, with a tendency toward a more
anterior positioning on the left side of the zygomatic arch. Such
asymmetrical sutural localization may contribute to differential
segmental growth or remodeling of the arch components
observed in the present study. In contrast, some cadaveric and
radiological investigations have reported relatively symmetrical
configurations of the zygomatic arch*, suggesting that patterns
of asymmetry may be population-specificand highly dependent
on the anatomical landmarks and measurement strategies
employed.

The asymmetrical elongation of the temporal process of
the Z observed predominantly in males warrants particular
consideration. The temporozygomatic suture is known to
exhibit increasing interdigitation complexity with age and to
respond dynamically to biomechanical forces transmitted by
the masseter muscle and temporal fascia®. In this context,
three-dimensional analyses have demonstrated that the
morphology of the zygomatic arch is closely related to the
functional demands of the masticatory system, particularly the
orientation and force vectors of the masseter muscle®. Given
that the Z serves as a primary attachment site for the masseter
muscle, differential masticatory loading may preferentially
influence remodeling of this component rather than the TE.
Additionally, variability in the number and fusion patterns of
zygomatic ossification centers may contribute to individual and
side-related differences in adult morphology™.

From a clinical perspective, the present findings have important
implications for maxillofacial surgery, radiological assessment,
and forensic analysis. In reconstructive procedures involving
the zygomatic arch, the contralateral side is frequently used
as a template for restoration. Our results suggest that such
an approach may lead to underestimation of projection or
segment length, particularly in male patients with pronounced
left-sided dominance. This observation is consistent with recent
recommendations emphasizing the need for sex-specific and
side-aware planning in craniofacial surgery.
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Furthermore, the stability of the zygomatic process of the TE
across sexes and sides makes it a potentially more reliable
surgical landmark than the variable zygomatic component.
This is pertinent for procedures involving the zygomatic arch,
where precise osteotomies are required to avoid complications
such as trismus or facial asymmetry*. The structural variability
of the Z also has implications for zygomatic implant placement,
where understanding the specific dimensions of the
zygomaticomaxillary complex is crucial to avoid injury to the
orbit or infratemporal fossa®.

Study Limitations

The present study is subject to certain limitations. The
retrospective and cross-sectional design precludes evaluation
of longitudinal changes in zygomatic arch asymmetry across
different developmental stages. In addition, functional factors
such asdental status, occlusal patterns, and habitual masticatory
side preference were not assessed and may influence regional
bone remodeling. In addition, a normalized positional index
was not calculated; therefore, size-independent comparisons
between individuals could not be performed. Future
studies incorporating larger, population-diverse cohorts and
advanced approaches such as dense surface morphometrics,
normalization techniques, and finite element modeling may
further elucidate the biomechanical mechanisms underlying
the asymmetry patterns identified in this study.

CONCLUSION

This study provides a comprehensive three-dimensional
morphometric analysis of the zygomatic arch, demonstrating
clear patterns of sexual dimorphism and side-related
asymmetry, particularly in projection-related parameters. The
preferential involvement of the temporal process of the Z,
contrasted with the relative stability of the zygomatic process
of the TE, highlights the segment-specific nature of zygomatic
arch variability. These findings underscore the importance
of sex- and side-aware evaluation in surgical planning,
forensic assessment, and radiological interpretation of the
zygomatic region. A refined understanding of these anatomical
characteristics may contribute to improved accuracy and safety
in procedures involving the zygomatic arch.
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GLIM Defined Malnutrition in Community Dwelling Older Adults:
Prevalence, Predictors, Functional Impact, and Comparison with
MNA and GNRI Introduction

Toplumda Yasayan Yasli Bireylerde Nutrisyon Tarama Araclari Arasindaki Uyum: Erken Tan
ve Onleme Acisindan Gikarimlar

® Ziihal DEMIRCi, ® Sevnaz SAHIN, ® Ezel TENLI, ® Hiilya ESKiiZMiRLi AYGOR, @ Selahattin Fehmi AKCICEK

Ege University Medical Faculty Hospital, Department of Internal Medicine, izmir, Tiirkiye

ABSTRACT

Aim: Malnutrition remains a major global health challenge, particularly among older adults, where it contributes to frailty, sarcopenia, and chronic
diseases. The Global Leadership Initiative on Malnutrition (GLIM) provides standardized diagnostic criteria to improve early detection. This study
aimed to determine the prevalence of malnutrition among community-dwelling older adults using the GLIM criteria and to compare its diagnostic
agreement with Mini Nutritional Assessment (MNA) and Geriatric Nutritional Risk index (GNRI).

Materials and Methods: This cross-sectional study included 251 older adults aged 65 years or older from a university hospital’s geriatric outpatient
clinic. Nutritional status was assessed using GLIM, MNA, and GNRI. Anthropometric measures, body composition (as determined by bioelectrical
impedance analysis), handgrip strength, and laboratory markers were evaluated. Cognitive and functional assessments were also conducted.
Concordance among tools was analyzed using kappa statistics.

Results: According to GLIM, 51.2% of participants were malnourished, compared to 42.4% with MNA and 7.1% with GNRI. GLIM identified malnutrition
in 12.8% of patients with normal body mass index. Agreement between GLIM and MNA was moderate (p<0.001), while agreement between GLIM
and GNRI was weak (p=0.001). Malnutrition was significantly associated with advanced age, female sex, cognitive impairment, and lower physical
performance. GLIM showed greater sensitivity in identifying malnutrition and its clinical correlates.

Conclusion: GLIM criteria are more sensitive in detecting malnutrition compared to MNA and GNRI, particularly in identifying individuals with subtle
nutritional deficits. A multidimensional approach integrating GLIM with cognitive, functional, and body composition assessments is essential for early
diagnosis and prevention in geriatric populations.

Keywords: GLIM, malnutrition, elderly, nutritional assessment, community-dwelling, geriatric screening

0z
Amag: Yetersiz beslenme, ozellikle yash yetiskinlerde kirilganlik, sarkopeni ve kronik hastalik yiikiinti artirmasi nedeniyle kiresel capta onemli bir
halk sagligi sorunu olmaya devam etmektedir. Kiiresel Malntrisyon Liderlik Girisimi (GLIM), erken taniyi iyilestirmek amaciyla standardize edilmis
tani kriterleri sunmaktadir. Bu calisma, toplumda yasayan yasli yetiskinlerde GLIM kriterlerine gore yetersiz beslenme yayginligini belirlemeyi ve
GLIM’in tanisal uyumunu Mini Nutrisyon Degerlendirmesi (MNA) ve Geriatrik Beslenme Risk indeksi (GNRI) ile karsilastirmayr amaclamaktadir.

Gere¢ ve Yontem: Bu kesitsel calismaya, bir tiniversite hastanesinin geriatrik poliklinigine basvuran 65 yas ve tizeri 251 birey dahil edilmistir.
Beslenme durumu GLIM, MNA ve GNRI kullanilarak degerlendirilmistir. Antropometrik 6lgtimler, viicut kompozisyonu (biyoelektrik impedans analizi),
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el kavrama giicii ve laboratuvar parametreleri kaydedilmistir. Ek olarak bilissel ve islevsel durum degerlendirmeleri yapiimistir. Degerlendirme
araclan arasindaki tanisal uyum kappa istatistikleri ile analiz edilmistir

Bulgular: GLIM kriterlerine gore katilimcilarin %51,2'si malnitrisyonlu bulunmustur; bu oran MNA'da %42,4, GNRI'de ise %7,1 olarak saptanmistir.
GLIM, normal viicut kitle indeksine sahip bireylerin %12,8’'inde malnitrisyonu tespit edebilmistir. GLIM ile MNA arasindaki uyum orta diizeyde
(p<<0,001), GLIM ile GNRI arasindaki uyum ise zayif bulunmustur (p=0,001). Malntrisyon; ileri yas, kadin cinsiyeti, bilissel bozukluk ve dusiik
fiziksel performansla anlamh sekilde iliskiliydi. GLIM kriterleri malntrisyonu ve klinik iliskilerini tanimlamada daha yiiksek duyarhlik gostermistir.

Sonug: GLIM kriterleri, dzellikle hafif diizeyde beslenme yetersizligi olan bireyleri belirlemede, MNA ve GNRI'ye kiyasla daha duyarhdir. GLIM’in
bilissel, islevsel ve viicut kompozisyonu degerlendirmeleriyle buttinlestirilmesi, toplumda yasayan yasli bireylerde erken tani ve onleme stratejilerinin

gliclendirilmesi acisindan 6nem tasimaktadir.

Anahtar Kelimeler: GLIM, yetersiz beslenme, yasli yetiskin, beslenme degerlendirmesi, toplumda yasayan yaslilar, geriatrik tarama

INTRODUCTION

Malnutrition, driven by factors such as disease, poverty,
hunger, conflict, and natural disasters, continues to affect
a significant proportion of the global population. Despite
advances in agriculture, healthcare, industry, and living
standards, nutrition-related disorders remain a persistent
global challenge' . Among vulnerable populations, older adults
are particularly at risk. Nutrition plays a vital role in promoting
health, functionality, and quality of life in older adults.
Consequently, nutritional status should be a primary focus in
the care and management of aging individuals. Malnutrition—
including both undernutrition and obesity—contributes to
the progression of various chronic conditions such as cancer,
cardiovascular disease, and dementia, and is also a major
contributor to sarcopenia and frailty>*. It is strongly linked
to higher rates of morbidity and mortality, as well as greater
healthcare expenditures. Identifying nutritional risk at an
early stage and implementing suitable interventions can
substantially enhance patient outcomes and lessen the strain
on healthcare services®.

Until recently, a universally endorsed definition or diagnostic
standard for malnutrition had not been available. In response
to this need, the Global Leadership Initiative on Malnutrition
(GLIM) was formed in 2016 to provide a unified diagnostic
framework for adults. The GLIM approach integrates phenotypic
markers—such as unintentional weight loss, low body mass
index (BMI), and diminished muscle mass—with etiologic
components, including insufficient food intake, impaired
nutrient assimilation, or the presence of inflammation.
A diagnosis is made when at least one etiologic and one
phenotypic criterion are present, after which the severity is
categorized as stage 1 (moderate) or stage 2 (severe) (1).

With increasing life expectancy and the rising proportion of
older adults worldwide, aging-related nutritional challenges
are emerging as pressing public health issues®’. Age-related
declines in muscle strength, mobility, and balance further
contribute to dependency on daily living activities®®. In this
context, early identification of malnutrition using reliable tools
such as GLIM is critical.

This study aims to assess malnutrition prevalence among older
adults using the GLIM criteria and to ascertain the correlation
between nutritional status and age groups within a population
of community-dwelling older adults.

MATERIALS AND METHODS
Study Design and Participants

In this cross-sectional analytical study, 251 community-dwelling
older adults aged 65 years and above were retrospectively
enrolled from the geriatric outpatient clinic of a university
hospital as part of a healthy aging initiative. Initially, the
medical records of 757 older adults were screened. However,
participants with missing data necessary to apply the full GLIM
criteria—such as anthropometric or etiologic indicators—were
excluded. Consequently, 251 participants with complete GLIM-
relevant data comprised the final sample. Since this was a
retrospective analysis, the sample size was not determined by
a priori power analysis but was based on data availability from
routine clinical records. The study population included both
functionally independent older individuals and those with
geriatric syndromes, all of whom underwent comprehensive
nutritional and functional assessments during routine health
evaluations.

Exclusion criteria were: (i) age below 65 years, (ii) inability to
obtain essential data required for the GLIM assessment (e.g.,
anthropometric, etiologic, or functional measures), and (iii)
inability to perform handgrip strength testing or undergo body
composition analysis via bioelectrical impedance analysis
(BIA). In addition, individuals with acute illness (e.g., active
infection, delirium, or recent unstable cerebrovascular events),
active malignancy (e.g., ongoing oncologic treatment or cancer
cachexia), or terminal conditions (e.g., end-stage organ failure
with limited life expectancy requiring palliative care) were
excluded from the study.

Prior to participation, written informed consent was obtained
from all individuals. The study received approval from the
Ege University Medical Faculty Hospital Institutional Research
Ethics Committee (approval no: 20-5.1T/53, date: 28.05.2020)
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and was conducted in conformity with the principles of the
Declaration of Helsinki.

Data Collection and Clinical and Nutritional Assessment

Demographic characteristics, comorbidities, clinical and
functional data, medication records, and laboratory parameters
(hemoglobin, albumin, lymphocytes, platelets) were extracted
(Figure 1). Medication use was summarized descriptively
according to drug classes. Additional information on cognitive
and functional status was recorded using standardized tools,
including the Mini-Mental State Examination (MMSE), Katz
Activities of Daily Living (ADL), and Lawton Instrumental
Activities of Daily Living (IADL) scales. Nutritional parameters
were obtained from assessments conducted by trained
geriatricians and nurses.

In this study, clinical and nutritional evaluations were
retrospectively conducted based on data collected from
patients aged 65 years and older who visited the geriatric
outpatient clinic. Anthropometric measurements, including
BMI, calf circumference (CC), triceps skinfold thickness, and
mid-arm circumference, were assessed using standardized
protocols. Body composition was measured via BIA (Tanita
Body Composition Analyzer), which provided a fat-free mass
index, phase angle, body water percentage, visceral fat level,
and skeletal muscle mass. Muscle strength was assessed using a
handgrip dynamometer (EH101, CAMRY, China), recording the
highest value of three attempts from the dominant hand.

Nutritional status was examined using three validated
assessment methods: the GLIM framework, the Mini Nutritional
Assessment (MNA) and the Geriatric Nutritional Risk index
(GNRI). According to the GLIM approach, a diagnosis of
malnutrition required at least one phenotypic indicator (such
as unintentional weight loss, low BMI, or diminished muscle
mass) together with one etiologic factor (including reduced
food intake or absorption, or evidence of inflammation).

Total participant of the

study
Phenotypic criteria not avaible
n: 257

n: 757
Etiological criteria not avaible

n: 249

L

Participant with
data avaible for

GLIM Criteria
251

Figure 1. Study Flowchart
GLIM: Global Leadership Initiative on Malnutrition

270

Muscle mass reduction was identified using CC thresholds (<30
c¢m for men and <29 cm for women), consistent with criteria
commonly applied in sarcopenia evaluation. Data regarding
recent weight change and dietary intake were gathered from
patient-reported information and medical documentation.
Malnutrition severity was categorized as stage 1 (moderate)
or stage 2 (severe) based on phenotypic measures. For the
etiologic component of the GLIM criteria, reduced food intake
orassimilation and inflammation were assessed retrospectively,
in accordance with the GLIM consensus report. Reduced food
intake or assimilation was defined based on patient self-reports
and medical documentation indicating reduced oral intake,
prolonged inadequate intake lasting more than two weeks, or
the presence of gastrointestinal conditions adversely affecting
food intake or absorption.

Inflammation was defined as disease burden—related
inflammation and was assumed in patients with at least one
documented chronicinflammatory condition (e.g., chronic heart
failure, chronic kidney disease, chronic obstructive pulmonary
disease, diabetes mellitus, or malignancy). Supportive laboratory
markers, including C-reactive protein (CRP) and serum albumin
levels, were reviewed as supportive proxy indicators of
inflammation, in line with GLIM recommendations’. Elevated
CRP (=5 mg/L) and/or hypoalbuminemia (serum albumin <3.5
g/dl) measured at the time of nutritional assessment were
considered indicative of systemic inflammation. Although
parameters derived from BIA (e.g., lean mass index, skeletal
muscle mass, and phase angle) were evaluated, CC was used
as the primary indicator of reduced muscle mass for GLIM
classification. This approach is consistent with the GLIM
consensus, which recognizes anthropometric measurements
such as CC as valid and clinically applicable alternatives,
particularly in older adults and routine clinical practice. BIA-
derived indices were therefore considered complementary
measures to support body composition assessment.

The determination of malnutrition and its severity classification
followed GLIM recommendations and is detailed in Tables
1 and 2. Laboratory findings included hemoglobin, serum
albumin, platelet count and lymphocyte count, which were
used to compute the HALP score (hemoglobin X albumin
x lymphocytes / platelets). Additional clinical assessments
incorporated the Charlson Comorbidity index (CCl), Katz ADL,
Lawton IADL, the MMSE, and depressive symptom scores. All
data were reviewed by trained geriatric nurses and physicians
to ensure consistency and accuracy of GLIM assessments.

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics
software (version 24; IBM Corp., Armonk, NY, USA). In the context
of the study, continuous variables were summarised using the
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Table 1. Diagnostic criteria according to GLIM framework

Phenotypic criteria

Etiologic criteria

Low body mass index

Weight loss (%) (kg/m?)

Reduced muscle mass

Reduced food intake or assimilation | Inflammation

>5% body weight loss <20 kg/m?if <70 years,
within the past 6 months, or | <22 kg/m*if 270 years
>10% if beyond 6 months

Reduced by validated
body composition
measuring techniques

50% of ER>1 week, or any reduction
for>2 weeks, or any chronic Gl
condition that adversely impacts food
assimilation or absorption

Acute disease/
injury, for chronic
disease-related

Cederholm et al.", GI: Gastro-intestinal, ER: Energy requirements, GLIM: Global Leadership Initiative on Malnutrition

Table 2. Phenotypic severity grading of malnutrition based on GLIM

Phenotypic criteria

Weight loss (%)

Low body mass index (kg/m?)

Reduced muscle mass

Stage 1/moderate
malnutrition

5-10% within the past 6 mo, or 10-20%
beyond 6 mo

<20 if <70 yr, <22 if >70 yr

Mild to moderate deficit (per validated
assessment method see below)

>10% within the past 6 mo, or>20%
beyond 6 mo

Stage 2/severe
malnutrition

<18.5if <70 yr, <20 if >70 yr

Severe deficit (per validated assessment
method see below)

Cederholm et al.", GLIM: Global Leadership Initiative on Malnutrition

mean and standard deviation, while categorical variables were
presented as numerical data accompanied by the relevant
percentages. The Kolmogorov-Smirnov and Shapiro-Wilk tests
were employed to analyse the variable distributions. Non-
parametric Kruskal-Wallis H tests were conducted to compare
functional (Katz ADL, Lawton IADL) and cognitive (MMSE, Clock
Drawing test) performance across nutritional risk groups as
defined by GLIM, MNA, and GNRI. Post-hoc pairwise comparisons
were performed when appropriate. Subgroup analyses stratified
by age (<74 years vs. >75 years) were also conducted to evaluate
age-related variations in these associations. The agreement
between the malnutrition classifications provided by GLIM and
MNA was assessed using the McNemar test and cross-tabulation
with chi-square analysis. Decision tree modeling via the chi-
squared automatic interaction detection (CHAID) algorithm was
applied to explore potential predictors of malnutrition based
on each nutritional tool and to identify distinct risk profiles.
HALP scores were analyzed across nutritional risk groups and
relevant clinical variables using non-parametric statistical
methods. Variables such as age, sex, educational status, and
anthropometric measures were considered as independent
predictors. For all statistical tests, a two-tailed p-value below
0.05 was regarded as indicative of statistical significance.
Descriptive statistics were reported for MNA (n=243) and
GNRI (n=227) scores. The difference in sample size is due to
missing biochemical data required for GNRI calculation in 23
participants. As several secondary analyses were exploratory in
nature, no formal multiple-comparison correction was applied.
All reported p-values are unadjusted and should be interpreted
cautiously.

RESULTS

Participants

The participants had a mean age of 76.75%7.3 years, and the
sample was predominantly female (63.4%). More than half of the
individuals were married (54.5%), and the most common living
arrangements were cohabitation with a spouse (51.4%) or with
another family member (21.5%), while 21.9% reported living
alone (Table 3). The median MNA score was 24.5 interquartile
range (IQR: 21.5-27.0) among 243 participants. The median
GNRI score was 118.2 (IQR: 110.4-125.6) among 227 individuals.
Antihypertensive agents were the most commonly used
medications (67.9%), followed by other medications (73.3%)
and antidiabetic agents (35.4%). Cardiac medications were
used by 28.8% of participants, whereas dementia-related drugs
(12.3%) and biological or antineoplastic agents (4.5%) were less
frequently prescribed. A small proportion of participants (6.2%)
reported no regular medication use.

Ordinal Logistic Regression Analysis: GLIM Stages and
Predictors

Ordinal logistic regression was performed to evaluate the
effects of sex and age group on malnutrition severity according
to GLIM staging (normal, moderate, severe). The overall model
demonstrated statistical significance (¢3(2)=13.57, p=0.001),
and model fit indices were acceptable (Pearson p=0.165;
deviance p=0.207). Sex and age group were both significant
predictors. Specifically, males had higher odds of being in a
more severe malnutrition category compared to females
[odds ratio (OR)=1.77, 95% confidence interval (Cl): 1.07-2.93,
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Table 3. Sociodemographic characteristics and body
composition parameters of the participants (n=251)
Variable Category n (%)/mean % SD
Age (years) 76.75%+7.3
Sex Female 159 (63.4)
Male 92 (36.6)
Body mass index (kg/m?) | Female 29.7%6.2
Male 26.8+4.8
Age group <75 years 112 (44.4)
>75 years 139 (55.6)
Marriage 137 (54.5)
Marital status Single 7(2.7)
Widowed 98 (39.0)
Divorced 93.5)
Lives with spouse 129 (51.4)
N Lives alone 55 (21.9)
Living arrangement Nursing home 10(3.9)
famiy members | 54219
Lives with a caregiver 3(1.2)
[lliterate 28 (11.1)
Literate 24 (9.5)
Educational level Elementary school 89 (35.6)
Middle school 21 (8.4)
High school 37 (14.7)
College/university 52 (20.7)
:::Zt)-free mass index (kg/ Female 18,5423
Male 19.5£3.4
Calf circumference (cm) | Female 37.6%5.0
Male 36.54+4.07
I;:Eﬁﬁii"(?:r‘]’)'d Female 30.0243.9
Male 28.68+3.8
Handgrip strength (kg) Female 17.4+6.3
Male 27.41+8.7

SD: Standard deviation

p=0.025]. Participants aged <75 years had significantly lower
odds of severe malnutrition compared to those aged >75
(OR=0.50, 95% CI: 0.31-0.82, p=0.006). Interaction effects were
not included due to non-significant age X sex interaction in
preliminary GLM analyses (Figures 2, 3).

Correlation between Nutritional Status and Functional/
Cognitive Outcomes

Both the correlation analyses and the comparisons between
groups revealed significant relationships between nutritional
status and outcomes related to functional and cognitive
performance. Spearman correlation analyses showed that
GLIM-defined malnutrition (binary coded) was moderately and
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GLIM Malnutrition Severity by Sex

Female

0.5 a8t . Male

o
S
°
W
&

Proportion
=
w

o
N

0.1 0.08

0.0

Normal Moderate Malnutrition Severe Malnutrition

Figure 2. Distribution of GLIM-defined malnutrition severity
by sex
GLIM: Global Leadership Initiative on Malnutrition

GLIM Malnutrition Severity by Sex and Age Group
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Figure 3. Distribution of GLIM-defined malnutrition severity
by sex and age group Malnutrition was more prevalent in
males and participants aged >75 years, particularly in the
moderate and severe categories,

GLIM: Global Leadership Initiative on Malnutrition

negatively associated with MMSE scores (rho=—0.264, p<0.01),
Katz ADL (rho=-0.225, p<0.01), and Lawton IADL scores
(rho=-0.327, p<0.01). Kruskal-Wallis tests further revealed that
functional and cognitive performance decreased progressively
across GLIM and MNA nutritional categories (p<0.001 for all).
Subgroup analyses indicated that these associations were
particularly evident in participants aged >75 years, where MMSE
and Lawton IADL scores were most affected by malnutrition
severity.

Binary Logistic Regression: Predictors of GLIM-defined
Malnutrition

Binary logistic regression model was constructed using GLIM-
based malnutrition status as the outcome variable (0 =normal
nutrition, 1=malnutrition). The model was statistically
significant [¢*(20)=55.41, p<0.001] and achieved an overall
classification accuracy of 68.0%. Significant predictors of
malnutrition were older age (p<0.001), male sex (p=0.025),
lower MMSE scores (p<0.001), lower educational attainment
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(p=0.012), being single (p=0.043), and lower BMI (p=0.046).
The model demonstrated a sensitivity of 66.4% and a specificity
of 69.8% (Figure 4).

Group Comparisons Across GLIM and MNA Categories

CCl, CC, triceps skinfold thickness, and HALP scores (all p<0.05).
Phase angle, edema percentage, and visceral fat levels did not
significantly differ. Similarly, significant differences between
MNA groups were found for CC (p<0.001), triceps skinfold
(p<0.001), and HALP score (p=0.016), but not for phase angle,
edema, visceral fat or CCl.

Participants with elevated CRP levels had significantly lower
HALP scores than those with normal CRP levels (p=0.029).

Across GLIM stages, there were differences in objective physical
and metabolic parameters, including disease burden and
muscle/fat reserves, while MNA groups showed differences in
nutritional risk factors related to appetite and the psychosocial
domain (Figures 5, 6).

Significant Predictors of Malnutrition Risk (GLIM Criteria)

Mild Cognitive Impairment -=- No effect (OR=1)

Severe Cognitive Impairment

Not Married (vs. Married)

Not University Graduate

Predictor Variables

BMI (kg/m?) Ry

Male (vs. Female)

Age (years) -

05 1.0 ] 2.0 2.5 3.0 35
Odds Ratio (95% Confidence Interval)

Figure 4. Predictors of GLIM-defined malnutrition
GLIM: Global Leadership Initiative on Malnutrition, BMI: Body
mass index

Differences in Clinical and Anthropometric Parameters by GLIM Stage
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Figure 5. Differences in clinical and anthropometric
parameters by GLIM stage

CCl: Charlson Comorbidity index, GLIM: Global Leadership Initia-
tive on Malnutrition

Decision Tree Analyses (CHAID): GLIM, MNA, and GNRI
Models

a. GLIM-based Model (Supplementary 1)

The GNRI decision tree identified BMI as the only significant
predictor (x>=23.620, p<0.001), with a split value of 28.01 kg/
m2. Participants with BMI values above this threshold were
predominantly classified as normal or low nutritional risk.
However, due to the marked class imbalance in GNRI-defined
malnutrition (7.1% at risk), the model failed to adequately
identify individuals with mild, moderate, or severe nutritional
risk. Consequently, the high overall classification accuracy
[93.0%; risk estimate=0.070, standard error (SE)=0.017]
primarily reflects prediction of the majority class rather than
true discriminatory performance.

b. GNRI-based Model (Supplementary 2)

The GNRI decision tree included only BMI as a predictor
(¥*=23.620, p<0.001). Participants with a BMI>28.01 were
classified as “normal or low risk” (100%). However, due to
the marked class imbalance in GNRI-defined malnutrition,
the model failed to adequately identify individuals at mild,
moderate, or severe nutritional risk categories. Consequently,
the high overall classification accuracy (93.0%) with a low risk
estimate (0.070, SE=0.017) mainly reflects prediction of the
majority class rather than true discriminatory performance.

c. MNA-based Model (Supplementary 3)

The CHAID model for MNA classification identified BMI and
age group as the main predictors. A BMI>28.20 was associated
with a higher probability of normal nutritional status, whereas
individuals aged >75 years showed an increased likelihood
of malnutrition. Although the model correctly classified all
individuals with normal nutritional status (100%), its ability
to distinguish malnourished or at-risk participants was
limited (risk estimate =0.428, SE=0.032), suggesting reduced
discriminatory performance across nutritional risk categories.

Comparative Model Performance

Figure 7 presents accuracy and risk estimates across the three
decision tree models. The GNRI model showed the highest
classification accuracy (93.0%) with the lowest error rate. The
MNA and GLIM models demonstrated classification accuracies
of 57.2% and 54.6%, respectively.

Concordance Between GLIM and MNA

A McNemar test revealed significant discordance between GLIM
and MNA classifications (x*=8.862, p=0.003). GLIM identified
more individuals as malnourished compared to MNA.
Agreement between GLIM and MNA was moderate (Cohen’s
kappa x =0.467, p<0.001). GLIM classified 128 individuals
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Comparison of Clinical and Anthropometric Measures by MNA Group
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Figure 6. Differences in clinical and anthropometric parameters by MNA stage

MNA: Mini Nutritional Assessment, CCl: Charlson Comorbidity index

Performance Comparison of GLIM, MNA, and GNRI Decision Tree Models
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Figure 7. Comparison of accuracy and risk estimates across
GLIM, MNA, and GNRI decision tree models

GLIM: Global Leadership Initiative on Malnutrition, MNA: Mini Nu-
tritional Assessment, GNRI: Geriatric Nutritional Risk index, CHAID:
Chi-Square Automatic Interaction Detection

as malnourished, whereas MNA classified 103, with 45 cases
detected by GLIM but not by MNA. Agreement between GLIM
and GNRI varied by cut-off. With a GNRI threshold of 92,
agreement was poor and not significant (Cohen’s kappa
=0.022, p=0.234). Using a cut-off of 98 improved statistical
significance (Cohen’s kappa k =0.105, p=0.001), but agreement
remained weak. GNRI classified 16 individuals as malnourished
compared to 122 by GLIM (Figure 8).
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Figure 8. Comparison of malnutrition classification: GLIM
and MNA

GLIM: Global Leadership Initiative on Malnutrition, MNA: Mini
Nutritional ssessment

Associations with Functional and Cognitive Status

GLIM and MNA classifications were significantly associated with
functional and cognitive measures. Katz ADL, Lawton IADL,
Clock Drawing test, and MMSE scores decreased progressively
with increasing malnutrition severity (p<0.001 for all). In the
<75 age group, all MNA-based comparisons were significant
except MMSE in the GLIM model. In participants aged >75,
significant associations were observed in Lawton IADL and
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MMSE, particularly with  MNA classification. Depressive
symptoms were present in 15.9% of participants; however,
no statistically significant association was observed between
depressive symptom status and nutritional status as classified
by either MNA or GLIM (p>0.05 for both).

Nutritional and Body Composition Differences by Age
Group

Nutritional and body composition parameters were compared
across age groups using Mann-Whitney U tests. GNRI scores
significantly differed by age group (p=0.019), with individuals
aged >75 years having lower values. Participants aged >75 years
had significantly lower MNA scores than younger individuals
(p=0.044). HALP scores did not reach statistical significance
across age groups (p=0.078). BMI (p=0.238) and skeletal
muscle index (SMI) (p=0.593) likewise showed no significant
differences by age group.

Effects of Sex and Age Group on GLIM-based Malnutrition
Severity

A two-way ANOVA examined the effects of sex and age group
on GLIM-based malnutrition severity. The analysis revealed
significant main effects of both sex (p=0.015) and age group
(p=0.025), indicating that malnutrition severity was higher
in specific sex and age categories. However, the interaction
between sex and age group was not statistically significant
(p=0.437), indicating that the effect of sex on malnutrition
severity did not vary across age groups.

DISCUSSION

Our findings align with previous studies indicating the superior
sensitivity of the GLIM criteria in detecting malnutrition among
older adults. In our study, 51.2% of community-dwelling older
individuals were classified as malnourished by GLIM, a figure
consistent with hospital-based estimates reported in Asian
populations (16%-78%) butsignificantgiventhe non-hospitalized
nature of our cohort®. Notably, 12.8% of individuals categorized
as “normal” by BMI were identified as malnourished using
GLIM, emphasizing its ability to detect subclinical malnutrition
overlooked by traditional anthropometric measures.

Previous studies have demonstrated that GLIM criteria
effectively identify malnutrition in geriatric populations'.
Large nationwide cohort studies have reported a higher
proportion of men among individuals with GLIM-defined
malnutrition, although sex differences were not consistently
significant across populations'. In our regression analysis,
male sex emerged as an independent predictor of greater
malnutrition severity. Furthermore, our findings echo the
results of Galindo Martin et al.”?, who reported that GLIM-
defined malnutrition was associated with higher mortality and

poorer clinical outcomes. In their study, malnourished patients
had significantly higher in-hospital mortality and unplanned
transfers to critical care, and the odds of adverse outcomes
increased progressively with malnutrition severity. Although
our study did not assess prognosis, the strong association of
malnutrition with cognitive decline and impaired ADL/IADL
supports GLIM’s multidimensional utility.

According to GLIM, 51.2% of participants were classified as
malnourished, compared with 42.4% by MNA and 7.1% by
GNRI. Notably, GLIM identified malnutrition in 12.8% of
individuals with normal BMI, highlighting its ability to detect
cases that may be overlooked by BMI-based assessments.
Agreement between GLIM and MNA was moderate, whereas
agreement with GNRI was weak. Malnutrition was significantly
associated with advanced age, cognitive impairment, and
lower physical performance. These findings are consistent with
previous research demonstrating the greater sensitivity of GLIM
in identifying malnutrition and its clinical correlates in older
adults™,

A study from New Zealand also reported that nutritional
risk Mini Nutritional Assessment-Short Form (MNA-SF <11)
was associated with increasing age, reduced gait speed, and
dysphagia risk. Although the prevalence was lower (12%),
likely due to the use of MNA-SF, these findings support the
importance of incorporating functional parameters into
nutritional assessment, consistent with the broader evaluation
provided by GLIM™.

In our study, HALP scores showed significant differences
between GLIM and MNA categories but did not differ across
age groups; this finding suggests that HALP may be considered
a composite marker reflecting nutritional status and disease
burden rather than chronological age. Although HALP has
been reported to be associated with prognostic outcomes in
the literature, the cross-sectional design of our study does
not allow for prognostic inferences. Accordingly, and in line
with previously reported associations between HALP, muscle
mass, and mortality in NHANES data, HALP was interpreted in
the present study solely as a composite marker of nutritional
status and disease burden™. Consistent with population-based
analyses demonstrating an inverse association between HALP
and CRP levels, our findings showed significantly lower HALP
scores in participants with elevated CRP, further supporting the
interpretation of HALP as an integrated nutrition—inflammation
marker, particularly relevant in older adults™.

Unlike studies conducted in hospitalized or institutionalized
populations, our study highlights the burden of malnutrition
among community-dwelling older adults. The prevalence
observed in our cohort is comparable to rates reported in
inpatient studies, such as those by Hiraike et al."” and Ohta et
al.’® (=46%). These findings indicate that malnutrition is also
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common in outpatient settings. Moreover, previous studies
have shown that GNRI predicts mortality in hospitalized
older adults, emphasizing the clinical importance of early
nutritional assessment. Our inclusion of cognitive, functional,
and body composition variables allowed a broader evaluation
of nutritional risk. Previous studies indicate that the diagnostic
performance of GNRI varies by clinical setting; while it may
show stronger prognostic value in hospitalized populations, its
discriminatory capacity appears limited in community-based
settings, supporting its role primarily as a screening rather than
a diagnostic tool"%°.

Although prognostic outcomes such as mortality or
hospitalization were not evaluated, the observed associations
between malnutrition, age, sex, cognitive status, and
physical performance highlight the importance of routine
multidimensional  nutritional  screening.  GLIM-based
assessment, integrated with functional and cognitive
evaluation, may support earlier identification of at-risk older
adults in community settings. Future studies should explore
the prognostic impact of GLIM-defined malnutrition and the
potential benefits of community-based, nurse-led screening
and intervention programs?'.

Study Limitations

Our study has several strengths, including its focus
on community-dwelling older adults and the use of a
comprehensive geriatric assessment incorporating functional,
cognitive, anthropometric, and laboratory parameters. The
application of the GLIM criteria in a real-world outpatient
setting and the demonstration of associations between
malnutrition and multidimensional outcomes enhance
the clinical relevance of our findings. Nevertheless, certain
limitations should be acknowledged. The cross-sectional
design precludes causal inference, and the single-center
setting may limit generalizability. Missing data in the MNA
and GNRI assessments restricted some analyses to complete
cases, introducing potential selection bias. In addition, the
CHAID model for GNRI showed high overall accuracy driven
by class imbalance, limiting its ability to identify individuals
at nutritional risk. Finally, due to the exploratory nature of
several analyses, no multiple-comparison correction was
applied; therefore, findings should be interpreted cautiously
and confirmed in future studies.

CONCLUSION

Thisstudyhighlightsthe multidimensional nature of malnutrition
in older adults and emphasizes the necessity of comprehensive
nutritional assessment. The GLIM criteria demonstrated higher
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sensitivity in detecting malnutrition, while age and sex emerged
as significant independent predictors of malnutrition severity.
Conventional metrics such as BMI and SMI may overlook subtle
nutritional impairments in older populations. Furthermore,
the association between malnutrition and both cognitive and
functional decline reinforces the need for integrated geriatric
evaluations. A multidimensional approach encompassing
anthropometric, functional, cognitive, and demographic
parameters is essential for accurate and timely diagnosis of
malnutrition in the older adults.
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Serum Lactate Dehydrogenase Dynamics in Acute Ischemic and
Hemorrhagic Stroke: A Marker of Prognosis but Not Diagnosis

Akut Iskemik ve Hemorajik Inmede Serum Laktat Dehidrogenaz Dinamigi: Tani Degil,
Prognoz Belirteci

©® Sezgin KEHAYA!, © Selcuk KORKMAZ?2

1Trakya University Faculty of Medicine, Department of Neurology, Trakya, Tiirkiye
2Trakya University Faculty of Medicine, Department of Biostatistics, Trakya, Tiirkiye

ABSTRACT

Aim: Lactate dehydrogenase (LDH) is a marker of cellular damage, increasingly recognized for its prognostic value in stroke. However, its role in
differentiating stroke types and in predicting outcomes remains incompletely defined.

Materials and Methods: In this retrospective, single-center study, 1,299 patients [1,185 acute ischemic stroke (AIS), 114 intracerebral hemorrhages
(ICHs)] between 2018 and 2023 were analyzed. Admission and first-week LDH levels were compared across stroke types, etiologies, and outcomes.
Functional status was assessed using the 3-month modified Rankin Scale (mRS). Multivariate stepwise linear regression was applied to determine
factors independently associated with admission LDH.

Results: Mean admission LDH was 329.3+176.1 U/L in AIS and 342.4£174.9 U/L in ICH (p=0.45). First-week LDH levels were 276.24148.1 U/L in
AIS and 300.1£123 U/L in ICH (p=0.19). In AIS, higher admission LDH levels were associated with unfavorable outcomes (mRS 3-6; p=0.002) and
were significantly elevated in total anterior circulation infarcts (total anterior circulation infarction: 354.1+165 U/L) compared to lacunar infarcts
(lacunar infarction: 312.1£141 U/L; p=0.077). First-week LDH levels were significantly higher in cardioembolic strokes compared with large-artery
atherosclerosis (cholesteryl ester: 302 U/L vs. LAA: 248 U/L; p=0.006). In ICH, higher first-week LDH levels were associated with unfavorable outcomes,
particularly in deep hematomas. In multivariate analysis, chronic kidney disease (B=63.1, p=0.017), female sex (B=47.9, p=0.004), and unfavorable
outcome (B=58.4, p=0.008) were independently associated with elevated admission LDH.

Conclusion: LDH levels alone do not distinguish between AIS and ICH, but higher admission values and sustained elevation are associated with poorer
3-month functional outcome, especially in ischemic stroke subtypes with larger infarcts or cardioembolic origin, and in deep ICH. LDH may be a
marker that contributes to early risk stratification, yet the retrospective single-center design, small hemorrhagic subgroup, and exploratory multiple
comparisons mean that these findings should be interpreted with caution and confirmed in prospective studies.

Keywords: Intracerebral hemorrhage, acute ischemic stroke, lactate dehydrogenase, prognosis, modified Rankin Scale

0z
Amag: Laktat dehidrogenaz (LDH), hiicresel hasarin bir belirteci olup, inmede prognostik degeri giderek daha fazla kabul gérmektedir. Bununla
birlikte, farkli inme tiplerinin ayirt edilmesindeki ve klinik sonuclarin ongoriilmesindeki rolii hentiz tam olarak acikhiga kavusmamistir.

Gereg ve Yontem: Bu retrospektif, tek merkezli ¢calismada 2018-2023 yillari arasinda takip edilen 1,299 hasta [1,185 akut iskemik inme (Ali), 114
intraserebral hemoraji (iSH)] analiz edildi. Basvuru sirasinda ve ilk hafta ol¢iilen LDH diizeyleri inme tipleri, etiyolojileri ve klinik sonuglar agisindan
karsilastirildi. Fonksiyonel durum, 3. ay modifiye Rankin Olgegi (mRS) ile degerlendirildi. Basvuru LDH diizeyi ile bagimsiz iliskili faktorleri belirlemek
amaciyla cok degiskenli asamali dogrusal regresyon analizi kullanildi.

Bulgular: Ortalama basvuru LDH diizeyi Ail grubunda 329,3£176,1 U/L, ISH grubunda ise 342,4£174,9 U/L idi (p=0,45). ilk hafta LDH diizeyleri
sirastyla All grubunda 276,2+148,1 U/L ve iSH grubunda 300,1£123 U/L olarak bulundu (p=0,19). Aii grubunda, yiiksek basvuru LDH diizeyleri
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kotu fonksiyonel sonug (mRS 3-6) ile iliskiliydi (p=0,002) ve total anterior sirkiilasyon infarkti (total anterior dolasim infarkti: 354,1+165 U/L) olan
hastalarda lakiiner infarkt (lakiiner infarct: 312,1£141 U/L) olanlara kiyasla daha yiiksek saptandi (p=0,077). ilk hafta LDH diizeyleri kardiyoembolik
inmelerde biiyiik arter aterosklerozuna (LAA) bagli inmelere gore anlamli derecede daha yiiksekti (302 U/L’ye karsi 248 U/L; p=0,006). ISH grubunda
ise ilk hafta LDH dizeylerinin yiksek olmasi, dzellikle derin yerlesimli hematomlarda olmak tizere kotui fonksiyonel sonuglarla iliskili bulundu. Cok
degiskenli analizde kronik bobrek hastaligi (B=63,1, p=0,017), kadin cinsiyet (B=47,9, p=0,004) ve kotii fonksiyonel sonu¢ (B=58,4, p=0,008), yliksek
basvuru LDH diizeyleri ile bagimsiz olarak iliskiliydi.

Sonugc: LDH diizeyleri tek basina Ail ile ISH'yi ayirt etmede yeterli degildir. Ancak yiiksek basvuru LDH diizeyleri ve ilk haftada devam eden yiiksek
seyir, ozellikle daha genis infarkt alanina veya kardiyoembolik kokene sahip iskemik inme alt tiplerinde ve derin yerlesimli iSH olgularinda, 3. ayda
daha kot fonksiyonel sonuclarla iliskilidir. LDH, erken risk siniflandirmasina katki saglayabilecek bir belirte¢ olabilir. Bununla birlikte, calismanin
retrospektif ve tek merkezli tasarimi, hemorajik alt grubun kiiciik olmasi ve coklu karsilastirmalarin kesifsel nitelikte yapiimis olmasi nedeniyle

bulgular dikkatle yorumlanmali ve ileriye dontk ¢alismalarla dogrulanmalidir.

Anahtar Kelimeler: intraserebral kanama, akut iskemik inme, laktat dehidrogenaz, prognoz, modifiye Rankin 6lcegi

INTRODUCTION

Stroke remains a leading cause of mortality and long-term
disability worldwide’. Biomarkers that facilitate stroke subtype
differentiationand prognosticstratification mayimprove clinical
decision-making and patient outcomes. Lactate dehydrogenase
(LDH) is a ubiquitous intracellular enzyme involved in glycolysis,
catalyzing the conversion of pyruvate to lactate under anaerobic
conditions??. It is released into the circulation following cellular
membrane damage and has therefore been considered a
potential biomarker of tissue injury. However, LDH is a non-
specific marker and may be influenced by a wide range of
systemic conditions, which should be taken into account when
interpreting its clinical significance. Elevated LDH levels have
been associated with poor outcomes in various clinical settings,
including malignancies, cardiovascular diseases, sepsis, and
hypoxic—ischemic events®. In recent years, interest in LDH as
a prognostic biomarker in neurological disorders, particularly
stroke, has increased?*.

In intracerebral hemorrhage (ICH), LDH has been associated
with hematoma expansion and unfavorable outcomes, likely
reflecting inflammatory processes and microvascular injury
mechan isms®. Radiological markers, such as computed
tomography (CT) angiography spot sign and non-contrast CT
blend sign, can help predict hematoma growth; however, these
findings may be subject to interobserver variability. In contrast,
serum biomarkers such as LDH may provide a more objective
and widely accessible approach for early risk stratification.
Similarly, although evidence is more limited, LDH has also been
associated with adverse outcomes in acute ischemic stroke
(AIS>*. Inflammation, anaerobic metabolism, and cellular
necrosis within the ischemic penumbra may contribute to
elevated LDH levels in these patients.

Composite biomarkers, such as the LDH-to-albumin ratio
(LAR), have emerged as indicators of systemic inflammation,
nutritional status, and oxidative stress factors that may influence
stroke outcomes®. Although an increasing number of studies
have evaluated LDH or LAR in ischemic and hemorrhagic stroke,

direct comparisons of LDH dynamics across both stroke types
within a single cohort remain scarce. Previous studies have
reported associations between higher LDH levels or LAR and
adverse functional outcomes, mortality, early onset cognitive
impairment, and post-stroke depression in both AIS and ICH*®.

This study aimed to investigate the association between serum
LDH levels and stroke type, severity, localization, and short-
term outcomes in patients with acute ischemic or hemorrhagic
stroke. The primary objective was to evaluate whether
admission and first week LDH levels are associated with third-
month functional outcome, assessed by the modified Rankin
Scale (mRS), in both AIS and ICH. Given the non-specific nature
of LDH and the heterogeneity of stroke pathophysiology,
we further aimed to determine whether LDH functions as a
complementary biomarker reflecting tissue injury burden
rather than a disease-specific diagnostic marker. Secondary
exploratory objectives included evaluating the relationship
between LDH levels and stroke localization (Bamford
classification)®, etiological subtypes (TOAST classification)',
vascular risk factors, and laboratory parameters.

MATERIALS AND METHODS

This retrospective, observational study was conducted following
approval by the Trakya University Non-Interventional Studies
Ethical Committee (approval no: TUTF-GOBAEK 2024/32,
decision no: 13/12, date: 19.08.2024). Written informed
consent for the use of clinical and laboratory data was obtained
from all patients at the time of hospitalization. Due to the
retrospective design, no additional informed consent was
required. Previously recorded electronic and written data were
analyzed. All procedures were performed in accordance with
the Declaration of Helsinki and local ethical regulations.

Study Population

Patients with acute AIS or primary ICH who were hospitalized
in the Neurology Service between January 2018 and December
2023 were consecutively enrolled. The diagnosis of AIS was
confirmed according to World Health Organization criteria
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and neuroimaging findings (brain CT or magnetic resonance
imaging). ICH diagnosis was established by non-contrast CT
performed within 24 hours of symptom onset.

Inclusion criteria were: age >18 years; symptom onset within
72 hours for AIS or within 24 hours for ICH; and availability
of baseline clinical and laboratory data. Exclusion criteria
included secondary causes of ICH (e.g., cerebral aneurysm,
arteriovenous malformations, moyamoya disease, trauma,
tumors, or hemorrhagic transformation of infarction), prior
major surgery or infection within 90 days, history of malignancy,
transient ischemic attacks, and treatment with intravenous
thrombolysis or endovascular mechanical thrombectomy.
Patients with recent major surgery, active infection, or known
malignancy were excluded to minimize potential confounding
effects on LDH levels. However, due to the retrospective design,
other conditions that may influence LDH levels could not be
systematically controlled. Patients requiring primary intensive
care unit admission at stroke onset were not included in this
neurology ward—based cohort, which should be considered
when interpreting the ICH subgroup findings. The flow diagram
of patient inclusion and exclusion is shown in Figure 1.

Data Collection and Methods

Initial Patients Assessed
n=2874

v

Exclusions:
e Subacute Stroke (n = 540)
o TIA (n=312)
® Post-Procedural Cases (n = 238)

e Other Exclusions (n = 485)

Total Excluded: n = 1575

[

!

Intracerebral Hemorrhage Patients
n=114

Acute Ischemic Stroke Patients
n=1185

Included in Table 1 Included in Table 1

A 4

With Defined Localization

Localization Data Missing or
n=1063

Indeterminate
n=122

—_—

Included in Table 2

Excluded from Table 2

Figure 1. Flow diagram of patient selection and study
inclusion

TIA: Transient ischemic attack
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Comprehensive clinical data were extracted from inpatient
electronic and written records by trained personnel.
Demographic variables included age and sex (as recorded in
official identity records). Medical history variables included
hypertension (HT), diabetes mellitus (DM), dyslipidemia, heart
failure (HF), coronary artery disease (CAD), chronic kidney
disease (CKD), prior stroke, smoking status, alcohol use, atrial
fibrillation (AF), and use of antiplatelet or anticoagulant agents,
in accordance with previous literature*®. Length of stay (LOS)
was defined as the number of hospitalization days.

After classification into ischemic and hemorrhagic stroke
groups, further sub-classification was performed. Hemorrhagic
stroke was categorized as lobar or deep, and anatomical
localization (basal ganglia, thalamus, cerebellum, brainstem,
lobar) was recorded. AlS was classified according to localization
using the Bamford classification [total anterior circulation
infarction (TACI), partial anterior circulation infarction (PACI),
posterior circulation infarction (POCI), lacunar infarction
(LACI)] and according to etiology using the TOAST classification
[cardioembolism (CE), large artery atherosclerosis (LAA),
small vessel disease (SVD), unknown etiology (UE), and other
determined etiology (OE)]*"°.

Stroke severity was assessed using the National Institutes
of Health Stroke scale (NIHSS), and functional outcome was
assessed using the third-month mRS™'2. NIHSS scores were
obtained from hospitalization records, and mRS scores from
third-month outpatient follow-up visits. An mRS score of 0-2
was defined as favorable outcome and >3 as unfavorable
outcomes.

Laboratory parameters obtained from blood samples within 24
hours of admission included total cholesterol, triglyceride, low-
density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol, urea, creatinine, LDH, white blood cell count
(WBCQ), red blood cell count (RBC), hemoglobin (HGB), platelet
count (PLT), mean corpuscular volume (MCV), hematocrit
(HCT), neutrophil and lymphocyte percentages, neutrophil-to-
lymphocyte ratio (NLR), and erythrocyte sedimentation rate.
Follow-up LDH levels at one week were also recorded.

Demographicand laboratory variables were compared between
ischemic and hemorrhagic stroke groups. In AIS, admission and
first week LDH levels were analyzed according to localization,
etiology, vascular risk factors, and outcomes. In ICH, LDH
levels were evaluated according to localization, vascular risk
factors, and outcome. The change in LDH between admission
and the first week was categorized as an increase or decrease
and analyzed in relation to outcomes. Correlations between
admission LDH and clinical variables (stroke severity, NLR, LOS,
and outcome) were assessed. A multivariable regression model
was used to explore factors associated with admission LDH;
in this model, admission LDH was treated as the dependent



Nam Kem Med ] 2026;14(3):278-288

KEHAYA and KORKMAZ. Serum Lactate Dehydrogenase Dynamics in Stroke

variable, and clinical variables, including outcome measures,
were included as independent variables to assess associations
rather than imply causality.

Statistical Analysis

Statistical analyses were performed using SPSS version 22.0 (IBM
Corp., Armonk, NY, USA). Continuous variables were expressed
as mean * standard deviation or median (interquartile range),
and categorical variables as frequencies (percentages). Group
comparisons were conducted using the yx? test or Fisher’s
exact test for categorical variables, and Student’s t-test, one-
way ANOVA, Mann-Whitney U test, or Kruskal-Wallis test for
continuous variables, as appropriate. Pearson or Spearman
correlation analyses were used depending on data distribution.

A multivariable stepwise linear regression model was used
to explore factors associated with admission LDH. Variables
included age, sex, AIS localization, AIS etiology, admission
NIHSS, third-month mRS, NLR, HGB, urea, CKD, MCV, LOS, and
anticoagulant use. Results are presented as unstandardized
regression coefficients (B) with corresponding p-values. The
multivariable model was constructed using a stepwise selection
procedure; however, given the known limitations of stepwise
methods, including potential instabilityand sensitivity to sample
variation, the findings should be interpreted as exploratory and
hypothesis-generating rather than confirmatory.

Given the number of subgroup and correlation analyses
performed, no formal adjustment for multiple comparisons
was applied, and these analyses should be interpreted
cautiously. All analyses were performed under the supervision
of a biostatistician. A two-sided p-value <0.05 was considered
statistically significant for primary analyses.

RESULTS

A total of 2.874 stroke hospitalizations between January 2018
and December 2023 were screened. After excluding subacute
strokes, transient ischemic attacks, and patients hospitalized
for interventional or diagnostic procedures, 1.185 patients
with AIS and 114 patients with ICH were included in the final
analysis.

Baseline demographic and clinical characteristics are
summarized in Table 1. Vascular risk factors, including HT, DM,
dyslipidemia, smoking, AF, and HF, were more frequent in AIS
than in ICH. LOS was longer in patients with ICH (p=0.002). No
significant differences were observed in admission or first week
LDH levels between AIS and ICH groups. No clinically useful
LDH cut-off value was identified for differentiating between
stroke types.

In AIS, admission LDH levels showed a non-significant trend
across localization subtypes (p=0.077), with higher values

observed in TACI compared with other subtypes. Female sex
and CKD were associated with higher LDH levels across all
localization groups. Higher admission LDH levels were also
associated with unfavorable outcomes. Admission LDH levels
according to localization and their associations with vascular
risk factors are presented in Table 2. For localization-based
analyses, only patients with clearly defined ischemic stroke
subtypes according to the Bamford classification were included;
patients with missing or indeterminate localization data were
excluded, which accounts for the difference in sample size
(1132 vs. 1185) compared to Table 1.

First week LDH levels differed across ischemic stroke
localizations, with higher levels in TACI (p=0.016): TACI LDH
321 (130-950), PACI 270 (110-977), POCI 280 (114-1914), LACI
262 (22-1914). Higher first week LDH levels were observed in
women in all AlS localization groups (TACI 331 vs. 312; PACI
288 vs. 255; POCI 311 vs. 257; LACI 271 vs. 257; p=0.004).
Other risk factors for higher first week LDH were CKD in PACI
(288 vs. 269), POCI (357 vs. 268), LACI (322 vs. 257) (p=0.014);
anticoagulant use in POCI (433 vs. 270) (p=0.038); and AF in all
groups (TACI 356 vs. 300; PACI 296 vs. 262; POCI 345 vs. 269;
LACI 295 vs. 254; p<0.001). Higher first week LDH levels were
associated with unfavorable outcome in PACI (264 vs. 254),
POCI (474 vs. 248), and LACI (303 vs. 261) (p=0.015). Given the
number of subgroup comparisons, these associations should
be interpreted as exploratory.

There was no significant association between admission LDH
levels and etiological classification of AlS [cardioembolic (CE)
340, LAA 337, SVD 335, UE 319, Other 244; p=0.14]. Females
had higher LDH levels than males in all etiological groups (CE
354 vs. 325; LAA 344 vs. 354; SVD 337 vs. 334; UE 348 vs. 301;
Other 339 vs. 262; p=0.005). CKD was associated with higher
LDH in CE (351 vs. 339), LAA (367 vs. 336), and UE (400 vs. 310)
etiological groups (p=0.004). Anticoagulant use in CE (356 vs.
336) and UE (484 vs. 309) was associated with higher LDH levels
(p=0.001). Unfavorable outcome was associated with higher
admission LDH in LAA (387 vs. 302) and UE (428 vs. 301) AIS
groups (p=0.002).

First week LDH levels differed significantly according to AIS
etiology (p=0.006): CE 302, LAA 248, SVD 257, UE 279, Other
237. Higher first week LDH levels were associated with female
sex in CE (325 vs. 278), LAA (258 vs. 243), UE (298 vs. 268), and
Other (249 vs. 213) (p=0.004); CKD in CE (355 vs. 297), SVD (471
vs. 238), and UE (303 vs. 277) (p=0.014); anticoagulant use in UE
(376 vs. 274) (p=0.038); and AF in CE (316 vs. 276) and UE (319
vs. 276) (p<0.001). Higher first week LDH levels were associated
with unfavorable outcome in CE (349 vs. 293) and UE (358 vs.
257) groups (p=0.015).

The distribution of admission and first week LDH among
AIS types is shown in Figure 2. Overall, LDH levels decreased
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Table 1. Demographic data between ischemic and hemorrhagic strokes

Ischemic stroke Hemorrhagic stroke
n=1185 n=114 P
Female 505 (42.6%) 48 (42.1%) 0.91
Age 68.64 (SD 13.3) 68.24 (SD 13) 0.75
Hypertension 801 (67.6%) 60 (52.6%) 0.002
Diabetes mellitus 481 (40.6%) 34 (29.8%) 0.032
Dyslipidemia 333 (28.1%) 18 (15.8%) 0.007
CAD 279 (23.5%) 21 (18.4%) 0.24
Stroke history 49 (4.1%) 5 (4.4%) 0.8
CKD 117 (9.9%) 12 (10.5%) 0.82
HF 112 (10.3%) 4 (3.5%) 0.019
Smoking 279 (23.5%) 16 (14%) 0.019
Alcohol 112 (9.5%) 8 (7%) 0.49
Anti-aggregant 372 (31.4%) 26 (22.8%) 0.07
Anti-coagulant 112 (10.3%) 10 (8.8%) 0.74
AF 283 (23.9%) 9 (7.9%) <0.001
LOS 11.57 (SD 8.2) 14.22 (SD 8.5) 0.002
Admission NIHSS 4.3 (SD 4.3) 4.8 (SD 4) 0.48
24-hour NIHSS 3.6 (SD 4.1) 4.2 (SD4.1) 0.43
7-day NIHSS 3.1(SD 3.7) 3.7(SD 3.9) 0.41
Third-month mRS 1.05 (SD 1.5) 1.88 (SD 2.3) 0.037
WBC 9.4 (SD 3.3) 9.9 (SD 3.7) 0.12
RBC 4.55 (SD 0.6) 4.58 (SD 0.5) 0.57
PLT 256.8 (SD 95) 249 (SD 83) 0.41
Hemoglobin 13.2(SD 1.9) 13.1(SD 1.8) 0.62
MCV 86.6 (SD 7.1) 86.2 (SD 5.58) 0.53
HCT 39.5(SD 5.4) 39.2(SD 5.1) 0.53
NLR 4.76 (SD 6.2) 5.67 (SD 5.5) 0.13
Urea 43.2 (SD 19.8) 39.9 (SD 19.8) 0.08
Creatinine 0.99 (SD 0.7) 0.94 (SD 0.5) 0.45
Admission LDH 329.3 (SD 176.1) 342.4 (SD 174.9) 0.45
First week LDH 276.2 (SD 148.1) 300.1 (SD 123) 0.19
Total-C 189.2 (SD 50.2) 184.6 (SD 46.8) 0.4
LDL-C 125.4 (SD 39.4) 119.8 (SD 35.7) 0.19
HDL-C 40.5(SD 10.8) 43.8(SD 12.3) 0.005
TG 148.2 (SD 94.2) 124 (SD 67.3) 0.019
Values are presented as mean + standard deviation or n (%). Units: WBC and PLT (x10°/uL), RBC (x10%/uL), hemoglobin (g/dL), urea (mg/dL), creatinine (mg/dL), LDH (U/L), total
cholesterol (mg/dL), LDL-C (mg/dL), HDL-C (mg/dL), triglycerides (mg/dL). CAD: Coronary artery disease, CKD: Chronic kidney disease, HF: Heart failure, AF: Atrial fibrillation, LOS:
Length of stay in days, NIHSS: National Institutes of Health Stroke scale, mRS: modified Rankin Scale, NLR: Neutrophil-to-lymphocyte ratio, SD: Standard deviation, WBC: White
blood cell, RBC: Red blood cell, PLT: Platelet, MCV: Mean corpuscular volume, HCT: Hematocrit, LDH: Lactate dehydrogenase, LDL-C: Low-density lipoprotein cholesterol, HDL-C:
?;i?{:jgjg:ﬁ:&gein cholesterol, TG: Triglycerides, p-values were calculated using the y? test or Fisher’s exact test for categorical variables and Student’s t-test or ANOVA for

by the first week in most AIS subtypes. The magnitude of
change did not significantly differ by localization [TACI mean
+ standard deviation (SD) LDH difference —35202, PACI -77
+ 201, POCI -41+189, LACI -47+176; p=0.108], but differed
across etiological subtypes (CE —=334+204, LAA —103+231, SVD
-69£146, UE —45+164, OE +6£113; p=0.003), with smaller
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reductions observed in cardioembolic stroke. An increase in
LDH was associated with unfavorable outcome, particularly in
TACI and POCI subtypes.

In hemorrhagic stroke, admission LDH levels did not differ
significantly according to anatomical localization (basal
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Table 2. Admission LDH levels according to AlS localization and vascular risk factors

TAC PACI POCI LACI Total
n=130 n=474 n=226 n=302 n=1132 p
LDH mean (SD) | LDH mean (SD) | LDH mean (SD) | LDH mean (SD) | LDH mean (SD)
Sex Female 362 (153) 348 (174) 354 (313) 327 (165) 346 (199) 0.005
Male 345 (171) 327 (177) 303 (120) 301 (139) 316 (155)
HT Yes 344 (151) 329 (149) 316 (127) 305 (142) 322 (143) 0.061
No 379 (189) 354 (221) 332 (327) 323 (164) 343 (230)
DM Yes 344 (132) 329 (152) 304 (120) 317 (165) 323 (148) 0.33
No 361 (182) 342 (190) 333 (256) 308 (139) 333 (193)
Dyslipidemia Yes 374 (163) 323 (130) 325 (134) 305 (132) 324 (136) 0.538
No 347 (162) 342 (190) 319 (235) 314 (100) 331 (189)
CAD Yes 377 (162) 344 (237) 282 (100) 318 (155) 331 (190) 0.699
No 345 (162) 335(152) 330 (228) 309 (148) 328 (171)
Prior stroke Yes 449 (158) 326 (152) 330 (177) 284 (103) 328 (152) 0.985
No 351 (162) 337 (177) 321(212) 313 (151) 329 (177)
HF Yes 370 (150) 363 (156) 278 (114) 376 (208) 354 (165) 011
No 151 (164) 333 (177) 325(217) 305 (141) 326 (177)
CKD Yes 417 (190) 361 (152) 414 (482) 331 (169) 375 (284) 0.004
No 347 (158) 334 (178) 307 (124) 310 (150) 324 (159)
Alcohol Yes 393 (230) 320 (185) 310 (154) 326 (130) 328 (169) 0.976
No 350 (154) 338 (175) 322 (216) 310 (152) 329 (176)
Smoking Yes 341 (168) 358 (282) 301 (109) 301 (131) 326 (201) 0.731
No 356 (161) 331(134) 328 (234) 312 (150) 330 (167)
Outcome Favorable 326 (207) 314 (150) 314 (133) 302 (150) 310 (147) 0.002
Unfavorable 385 (180) 353 (137) 515 (712) 250 (50) 379 (309)
TOAST CE 322 (143) 352 (285) 320 (129) 340 (172) 340 (169)
LAA 368 (178) 355 (230) 318 (144) 290 (132) 337 (192)
SVD 328 (140) 317 (87) 348 (206) 335 (164) 0.143
Un-known 374 (164) 317 (127) 325 (274) 300 (125) 319 (174)
Other 278 (77) 243 (118) 224 (79) 244 (80)
Values are presented as mean (standard deviation). LDH is expressed in U/L. TACI: Total anterior circulation infarction, PACI: Partial anterior circulation infarction, POCI: Posterior
circulation infarction, LACI: Lacunar infarction, HT: Hypertension, DM: Diabetes mellitus, CAD: Coronary artery disease, CKD: Chronic kidney disease, HF: Heart failure, AIS: Acute
ischemic stroke, CE: Cardioembolic, LAA: Large-artery atherosclerosis, SVD: Small-vessel disease, TACI: Total anterior circulation infarction, SD: Standard deviation, LDH: Lactate
dehydrogenase, p-values were calculated using one-way ANOVA. Some subgroups show wide SD due to small sample sizes and outlier values. Given the number of subgroup
comparisons, these analyses should be interpreted as exploratory

ganglia, thalamus, cerebellum, brainstem, or lobar) (p=0.18).
Similarly, first week LDH levels were not significantly different
across localization groups (p=0.094). When categorized as deep
vs. lobar hemorrhage, LDH levels were comparable both at
admission (344£190 vs. 339£107; p=0.89) and at first week
(291£130 vs. 318£108; p=0.38).

Admission LDH levels were not associated with outcome
in either deep or lobar hematomas (p=0.36). However, at
first week, elevated LDH levels were significantly associated
with unfavorable outcome in deep hematomas (560 vs. 290;
p=0.014), largely driven by high LDH levels in basal ganglia
hemorrhages. Smoking was associated with higher admission

LDH in deep compared with lobar hematomas (619 vs. 250;
p=0.004). No other consistent associations between vascular
risk factors and LDH levels were observed in the ICH subgroup.

Analyses of LDH change between admission and first week
showed that an increase in LDH was more frequently related
to unfavorable outcome in hemorrhagic stroke than in AlS
(p=0.012). An increase in LDH was more frequently associated
with HT in ischemic strokes than in hemorrhagic ones (p=0.02).
No other vascular risk factors were consistently related to LDH
difference between AIS and ICH. In AIS, both etiologic and
localization classifications showed predominantly decreased
LDH at first week (68.8% decrease vs. 31.2% increase), with
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a more pronounced but still non-significant difference for
etiologic classification (p=0.059 vs. 0.095). CE and UE etiologies
showed more LDH increases than LAA, SVD, and OE. TACI and
POCI showed more LDH increases than PACI and LACI. CE and
UE showed more LDH increases than LAA in the presence of
smoking (p=0.04) and dyslipidemia (p=0.004). LDH increase
was associated with unfavorable outcome particularly in TACI
and POCI (p=0.003). In hemorrhagic strokes, female lobar
hematomas more often showed LDH increases than deep
hematomas (p=0.043). Although non-significant (p=0.071),
female BG and thalamic hematomas also tended to show
greater LDH increases than other localizations. No other
risk factors were clearly associated with LDH difference in
hemorrhagic strokes.

Correlation analyses were performed using Pearson correlation
(r) for normally distributed variables and Spearman rank
correlation (rho) for non-normally distributed or ordinal
variables. Statistically significant but numerically weak
associations were observed between LDH levels and several
clinical and laboratory parameters. Admission LDH was
associated at the p<0.05 level with admission NIHSS (r=0.061),
first week NIHSS (r=0.077), third-month mRS (rho=0.110),
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HGB (rho=0.071), RBC (rho=0.072), AIS etiology (rho = 0.076),
CKD (rho=-0.065), and AF (rho=-0.060), and at the p<0.01
level with WBC (r=0.097), MCV (r=0.096), NLR (r=0.092), urea
(r=0.092), LOS (r=0.110), outcome (rho=0.121), sex (rho=0.090),
AIS localization (rho=-0.119), and anticoagulant treatment
(rho=-0.091). First week LDH was associated at the p<0.05
level with age (r=0.079), urea (r=0.081), MCV (r=0.076), alcohol
consumption (rho=0.075), and anticoagulant use (rho=-0.073),
and at the p<0.01 level with admission NIHSS (r=0.113),
first week NIHSS (r=0.118), third-month mRS (rho=0.163),
WBC (r=0.128), NLR (r=0.183), LOS (r=0.112), AIS localization
(rho=-0.136), AF (rho=-0.129), sex (rho=0.100), and outcome
(rho=0.167). These correlation coefficients (absolute values
generally <0.18) indicate small effect sizes despite statistical
significance, reflecting the large sample size and underscoring
that the clinical impact of these associations is modest.

In  multivariable regression analysis, CKD, female sex,
unfavorable outcome, and higher MCV were independently
associated with higher admission LDH levels (Table 3). Among
these, CKD and unfavorable outcome showed the strongest
associations. Age demonstrated a borderline negative
association (p=0.051). However, the overall explanatory value
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Table 3. Multivariable linear regression analysis for admission

LDH

Factor B p

Length of stay 0.040 0.385
Admission NIHSS 0.002 0.976
Third-month mRS 0.022 0.808
AlS localization 0.031 0.496
AlS etiology 0.016 0.718
Age -0.088 0.051
NLR 0.048 0.280
Hemoglobin 0.038 0.439
Urea 0.021 0.691
Unfavorable outcome 58.401 0.008
CKD 63.071 0.017
Female 47.914 0.004
MCV 2.842 0.012

Values represent unstandardized regression coefficients (B) with corresponding
p-values. The model was constructed using a stepwise selection procedure. The
overall model fit was low (adjusted R*=0.048), AIS: Acute ischemic stroke, NLR:
Neutrophil-to-lymphocyte ratio, LDH: Lactate dehydrogenase, CKD: Chronic kidney
disease, MCV: Mean corpuscular volume, NIHSS: National Institutes of Health Stroke
scale, mRS: modified Rankin Scale

of the model was limited (adjusted R?*=0.048), indicating that
LDH levels are influenced by multiple interacting factors rather
than a single dominant predictor. The model was constructed
using a stepwise selection procedure given the exploratory
nature of the analysis.

DISCUSSION

In this large, single-center retrospective cohort, we evaluated
the relationship between serum LDH dynamics and clinical
characteristics in patients with AIS and ICH. Although mean
LDH levels were slightly higher in hemorrhagic strokes, LDH
alone was not sufficient to reliably differentiate between
ischemic and hemorrhagic stroke. In ischemic stroke, LDH
levels appeared to be related to lesion volume as inferred from
localization, with higher levels in TACI compared with PACI and
POCI. In both ischemic and hemorrhagic stroke, female patients
and those with CKD had higher LDH levels. Elevated admission
LDH was modestly associated with unfavorable outcome in
AIS, particularly in LAA. In cardioembolic strokes, higher first
week LDH, rather than admission levels, was associated with
AF and unfavorable outcome. In ICH, higher first week LDH
was associated with unfavorable outcome in deep hematomas.
Multivariable regression indicated that CKD, higher MCV, female
sex, and unfavorable outcome were independently associated
with admission LDH. However, the overall explanatory value
of the model was limited (adjusted R?=0.048), indicating that
these variables account for only a small proportion of LDH
variability. Importantly, most correlations were numerically
weak, reflecting small effect sizes; therefore, these findings

should be interpreted as modest associations rather than strong
predictors. These results support the view that LDH reflects a
global injury response rather than a disease-specific or high-
precision prognostic marker.

To our knowledge, no studies have simultaneously compared
LDH across both ischemic and hemorrhagic stroke within
a single cohort. Prior work has linked LDH to hematoma
expansion and prognosis in ICH and to etiology, prognosis,
and response to revascularization therapy in AIS>*®%_ In our
study, admission LDH tended to be higher in hemorrhagic
than ischemic stroke; however, substantial overlap and wide
distributions in both groups precluded identification of a
clinically reliable cut-off. Therefore, LDH alone cannot be used
to distinguish stroke type in the absence of imaging, further
emphasizing its non-specific nature as a biomarker. Current
stroke guidelines recommend different management strategies
in acute stroke, including different blood pressure targets for
ischemic and hemorrhagic stroke™'™. Serum LDH levels may
provide supportive information regarding the extent of tissue
injury; however, LDH should not be considered a substitute
for neuroimaging or a determinant of acute management
decisions. In resource-limited settings, markedly elevated LDH
may reflect more severe brain injury; however, its clinical utility
remains supportive rather than directive. Future studies may
further explore whether LDH can complement imaging and
clinical parameters in assessing overall injury burden.

In line with the concept that LDH reflects cellular damage, we
excluded ischemic stroke patients treated with thrombolysis
or thrombectomy, as these procedures may cause additional
cellular breakdown and influence LDH levels while also
modifying outcomes through reperfusion of the ischemic
penumbra. By focusing on patients who did not receive
reperfusion therapy, we aimed to better characterize the
independent association between LDH and outcome in AlS.
Previous studies have reported that elevated pre-thrombolysis
LDH is associated with poor third-month outcomes and a
higher risk of symptomatic ICH in patients treated with rt-PA,
while other studies have demonstrated associations between
LDH or LAR and mortality, poor functional outcome, post-
stroke depression, or early cognitive impairment even in non-
reperfused AIS cohorts®”31877 Qur findings support a similar
association between LDH and outcome in patients who did
not receive thrombolysis. Because LDH is related to the extent
of tissue injury, additional damage such as hemorrhagic
transformation may increase LDH levels and worsen prognosis.
Although hemorrhagic transformation was not specifically
evaluated in this study, higher first week LDH showed a
stronger association with third-month mRS than admission
LDH, suggesting that persistent or increasing LDH may reflect
ongoing tissue injury. However, given the retrospective design,
this interpretation should be considered exploratory.
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Most prior studies examining LDH and prognosis in ischemic
stroke have used the TOAST classification. Consistent with our
findings, higher admission LDH has been associated with poorer
outcomes in LAAand in broader AlS or TIA cohorts>*'31617 These
studies often included a higher proportion of male patients,
and sex-specific differences in LDH were not explored. In our
cohort, LDH levels were significantly higher in women with both
AIS and ICH. This may reflect hormonal, genetic, or behavioral
factors; however, the underlying mechanisms remain unclear,
and causality cannot be inferred from this observational study.
Further studies evaluating sex-specific determinants of LDH,
including estrogen levels and LDH isoenzyme patterns, are
warranted. As expected, higher LDH levels were also observed
in patients with CKD, consistent with previous studies, and LDH
correlated with urea levels*. Impaired clearance of nephrotoxic
or inflammatory molecules may contribute to increased tissue
injury and LDH release in this context. Associations between
LDH and hematologic parameters (MCV, HCT, HGB) and
inflammatory markers (NLR) may similarly reflect the interplay
among inflammatory burden, nutritional status, and comorbid
conditions. These findings should be considered hypothesis-
generating and require confirmation in targeted studies.

Given the half-life of LDH, a decline in serum levels would
be expected if cellular breakdown ceases. We observed that
persistently elevated LDH beyond the first week was associated
with cardioembolic stroke, particularly in patients with AF,
and with anticoagulant use. One possible explanation is
ongoing thrombus-related processes; however, we did not
systematically assess intracardiac thrombi or anticoagulation
adequacy, and the observed correlations were modest.
Therefore, this interpretation should be considered exploratory
and interpreted with caution. In cryptogenic stroke, persistent
LDH elevation at first week may support further evaluation for
cardioembolic sources, such as prolonged cardiac monitoring
for paroxysmal AF. Our finding of higher LDH levels in TACI and
in patients with higher NIHSS scores is consistent with previous
reports linking LDH to lesion volume and stroke severity,
supporting the concept that LDH reflects the overall burden of
tissue injury™,

When outcome was assessed using the third-month mRS,
higher admission LDH levels were associated with scores of
3-6, indicating an unfavorable prognosis. Consistent with
previous studies, our findings support an association between
elevated LDH and poorer clinical outcomes in ischemic stroke,
particularly in LAA at admission and in cardioembolic stroke at
first week?*131677 We also observed that increases in LDH from
admission to the first week were associated with unfavorable
outcomes, with a more pronounced relationship in hemorrhagic
stroke than in AIS. However, because LDH change was analyzed
dichotomously (increase vs. decrease), the magnitude of change
could not be assessed, which may have reduced the sensitivity
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of this analysis. Clinically, an unexpected rise or failure of LDH
to decline during the first week after stroke onset may reflect
ongoing tissue injury and a higher risk of poor outcome.
However, given the retrospective design, small ICH sample
size, and lack of adjustment for multiple comparisons, LDH
dynamics should be considered supportive rather than a stand-
alone prognostic tool. LDH levels were also associated with
LOS, although this relationship was modest. Beyond mortality
and disability, previous studies have linked elevated LDH to
post-stroke depression and early cognitive decline after AlS,
suggesting that LDH may reflect broader aspects of brain injury
and systemic response” 8.

For hemorrhagic stroke, we observed that elevated LDH levels
were associated with longer LOS and, in line with previous
studies, with unfavorable prognosis at third-month mRS. Prior
reports have demonstrated associations between admission
LDH and hematoma volume as well as short-term mortality,
and have identified LDH >220 U/L as a predictor of early
hematoma expansion and poor outcome in ICH>"2°, In our
study, LDH levels tended to be higher in deep hematomas than
in lobar ones, consistent with previous reports, although we
did not observe statistically significant differences according
to localization™. Elevated first week LDH was more strongly
associated with poor outcome in deep hematomas. The lack
of statistical significance in some comparisons may reflect
the relatively small number of ICH cases and the exclusion
of patients requiring intensive care, and should therefore be
interpreted cautiously given the limited statistical power. We
were also unable to define a robust prognostic cut-off for
LDH, reinforcing its limited clinical applicability as a stand-
alone marker. Similar to previous studies, our ICH cohort was
restricted to spontaneous ICH; however, elevated LDH has
also been associated with adverse outcomes and mortality in
aneurysmal subarachnoid hemorrhage>'*?. Additional studies
have shown that LDH predicts early hematoma expansion and
poor outcome in ICH and is associated with poor neurological
outcome and mortality after aneurysmal subarachnoid
hemorrhage, further supporting its role as a marker of brain
injury severity>?,

Our multiple regression analysis showed that CKD, female sex,
unfavorable outcome, and higher MCV were independently
associated with admission LDH in acute stroke patients.
Although statistically significant, the coefficients indicate
modest associations and a limited explanatory contribution
of the model. Given that the model was constructed using a
stepwise selection procedure, which is known to be sensitive
to sample variability and may yield unstable variable selection,
these findings should be interpreted with caution and
considered hypothesis-generating rather than confirmatory.
Future studies examining LDH as an outcome biomarker should
adjust for renal function and sex and consider hematologic
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parameters to more accurately evaluate LDH’s independent
contribution.

Study Limitations

This study has several limitations. First, it is a retrospective,
single-center analysis, which may limit generalizability
and introduce residual confounding despite multivariable
adjustment. Second, the hemorrhagic stroke subgroup (n=114)
was relatively small, providing limited power for detailed
localization and subgroup analyses. Third, our cohort includes
only patients admitted to the neurology ward; those with very
severe strokes requiring primary intensive care admission were
not captured, particularly in the ICH group, likely biasing the
sample toward less severe hemorrhages. Fourth, we performed
multiple subgroup and correlation analyses without formal
adjustment for multiple testing; therefore, p-values from these
exploratory analyses should be interpreted cautiously, and
statistically significant findings with small effect sizes should
not be viewed as definitive. In addition, the multivariable
model was constructed using a stepwise selection procedure,
which may be sensitive to sample variability and yield
unstable variable selection. Fifth, LDH change was analyzed
dichotomously (increase vs. decrease), which limited the
ability to assess the magnitude of change and may have
reduced analytical sensitivity. Finally, we did not systematically
assess all conditions that may elevate LDH levels, such as
medications, comorbid diseases, hemorrhagic transformation
of AIS, intracardiac thrombus burden, or detailed measures
of anticoagulation, which could have provided additional
mechanistic insight.

Among the strengths of our study are the large AIS sample
(>1,000 patients), uniform laboratory measurements from a
single center, and evaluation of both admission and first week
LDH, allowing us to characterize dynamic changes rather than
relying on a single time point. The inclusion of both ischemic
and hemorrhagic strokes within the same cohort provides a
broader perspective on LDH in acute cerebrovascular disease
and confirms, in a real-world setting, the modest but consistent
association between higher LDH and poorer outcomes.

CONCLUSION

In conclusion, LDH levels alone cannot differentiate between
ischemic and hemorrhagic stroke. Elevated admission LDH
is associated with poorer prognosis in both AIS and ICH, and
persistent elevation during the first week is particularly linked
to cardioembolic ischemic stroke and unfavorable outcomes
in deep ICH. Given the modest effect sizes, retrospective
design, and exploratory nature of the analyses, LDH should
be considered a complementary biomarker reflecting overall
tissue injury rather than a stand-alone diagnostic or prognostic

tool. Future prospective, multicenter studies with predefined
statistical approaches are needed to validate the prognostic
role of LDH dynamics and to determine whether integrating
LDH with established clinical and imaging parameters can
improve risk stratification in acute stroke.
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Communication: Systematic Review and Meta-analysis Study

Glvenli Cerrahi Kontrol Listelerinin Kullanimimnin Ekip Iletisimi Uzerine Etkisi: Sistematik
Derleme ve Meta-analiz Galismast

® Nese ALTINCEKIC!, @ Tiilin YILDIZ2

1Tekirdag Namik Kemal University Hospital, Department of Operating Theatre Nurse, Tekirdag, Tiirkiye
2Tekirdag Namik Kemal University Faculty of Health Sciences, Department of Surgical Nursing, Tekirdag, Tiirkiye

ABSTRACT
Aim: The aim of the study is to determine the effect of the use of safe surgery checklists on team communication using the meta-analysis method.

Materials and Methods: The study utilised Google Scholar, Medline, PubMed, the National Thesis Centre, ScienceDirect, and the Tekirdag Namik
Kemal University Library catalogue and databases. Research studies published between 2009 and 2023 in Turkish or English, including postgraduate
theses, national or international peer-reviewed journals, and national books, were included in the study. The following keywords were used to search

for studies: “safe surgery*, “safe surgery checklist”, “checklist”, “team communication” in English and Turkish. According to the latest search conducted
on 10 March 2023, a total of 172 research results were found. A meta-analysis was performed on 5 studies that met our research criteria.

Results: As a result of the meta-analysis of the five included articles, the studies were found to have a homogeneous structure. The five studies
included in the meta-analysis, which evaluated the effect of using safe surgery checklists on team communication, were research articles published
between 2011 and 2020. The mean effect size, expressed as the odds ratio, was positive (+1.806). The odds ratio for the effect of safe surgery checklists
on team communication was 1.806 (95% confidence interval: 1.357-2.402; p<0.001), indicating a statistically significant effect.

Conclusion: It was found that surgical teams using safe surgery checklists could have 1.8 times more effective team communication compared to
those not using them.

Keywords: Safe surgery, safe surgery checklist, checklist, surgical team communication, meta-analysis

0z
Amag: Calismanin amaci gtivenli cerrahi kontrol listelerinin kullaniminin ekip iletisimine etkisini meta-analiz yontemi ile belirlemektir.
Gerec ve Yontemler: Calismada Google Scholar, Medline, PubMed, Ulusal Tez Merkezi, ScienceDirect, Tekirdag Namik Kemal Universitesi Kiitiiphanesi
katalog ve veri tabanlarindan yararlanildi. Calismaya 2009-2023 yillari arasinda Tiirkce veya ingilizce dillerinde yayimlanmis, lisansiistii tezlerde,
ulusal ya da uluslararasi hakemli dergilerde ve ulusal kitaplarda yayin olmus bilimsel makale niteligi tasiyan arastirmalar dahil edildi. Arastirmalar

» o« » o« » o« » o«

taranirken ingilizce “safe surgery”, “safe surgery checklist”, “checklist”, “team communication” ve tiirkce “glivenli cerrahi”, “giivenli cerrahi kontrol

listesi”, “kontrol listesi”, “ekip iletisimi” kelimeleri kullanildi. 10 Mart 2023 tarihli yapilan son taramaya gore toplamda 172 arastirma sonucuna
ulasildi. Arastirma kriterlerimize uyan 5 ¢alisma ile meta analiz gerceklestirildi.

Bulgular: Analize dahil edilen 5 makalenin meta-analizi ile yapilan inceleme sonucunda arastirmalarin homojen bir yapida oldugu belirlendi.
Meta-analize dahil edilen, giivenli cerrahi kontrol listelerinin kullaniminin ekip iletisimine etkisinin degerlendirilen 5 ¢calisma 2011 ile 2020 arasinda
yayimlanmis arastirma makaleleridir. Calismada ortalama etki buytikligu degeri (olasiliklar orani) (+1,806) pozitif bulundu. Giivenli cerrahi kontrol
listelerinin ekip iletisimi tizerindeki etki btyuklagintn 1,806 (95% gliven araligi: 1,357-2,402; p=0,000) olan Odds orani, istatistiksel olarak anlamh
oldugunu gosterdi.
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Sonug: Giivenli cerrahi kontrol listelerini kullanan cerrahi ekiplerde, kullanmayanlara gore ekip iletisiminin 1,8 kat daha fazla etkili olabilecegi

saptandi.

Anahtar Kelimeler: Giivenli cerrahi, gtivenli cerrahi kontrol listesi, kontrol listesi, cerrahi ekip iletisimi, meta-analiz

INTRODUCTION

According to World Health Organization (WHO) data, 234
million surgical procedures are performed worldwide each year.
Approximately 7 million patients are affected by complications
related to surgical procedures each year. The WHO states that
half of the complications arising from surgical procedures are
preventable. The WHO has been put forward the “Safe Surgery
Saves Lives” Project in 2008. The project aims to reduce the
number of surgical deaths worldwide'?.

The checklist is a simple and useful tool designed to ensure that
surgical teams act in a timely, consistent, and effective manner
before, during, and after surgery. This tool aims to improve the
performance of surgical teams to provide greater benefits to
patients. Operating rooms are stressful environments where
time is of the essence and complex procedures are performed.
It is crucial that all members of the surgical team working in
this complex environment coordinate their efforts. Safe surgery
checklists are an important tool for ensuring this coordination,
improving team communication, and preventing situations
that may threaten patient safety. At this point, it is important
to emphasize the team communication and awareness of the
surgical team regarding the safe surgery checklist*>. Surgical
team communication is vital due to the complexity and risks of
surgical procedures. Research shows that team communication
directly affects surgical outcomes®. Transparent and effective
communication among team members contributes to each
individual clearly understanding their roles and responsibilities.
This helps surgical operations to be coordinated more
effectively and reduces the risk of errors. Furthermore, internal
team communication is necessary for dealing with unexpected
situations and making immediate decisions’.

In this context, the study was conducted to determine the effect
of the use of safe surgery checklists on team communication
using the meta-analysis method.

MATERIALS AND METHOD

This study was analysed using meta-analysis methods, and
a comprehensive and systematic literature review approach
was adopted. Due to the use of a literature review format, no
ethical committee approval was required for the study, as it did
not involve any direct intervention, effect, or experiment on
animals or humans.
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Protocol and Registration

The study protocol is registered with PROSPERO (registration
number: CRD42024518217). The study was reviewed in
accordance with the PRISMA guideline for systematic reviews
and meta-analyses.

Search Strategy

The study utilised Google Scholar, Medline, PubMed, the
National Thesis Centre, ScienceDirect, and the Tekirdag Namik
Kemal University Library Catalogue and databases. The study
included postgraduate theses published in English or Turkish
between 2009 and 2023, articles published in national or
international peer-reviewed journals, and studies related to
the subject included in national books. The following keywords
were used to search for studies: “safe surgery”, “safe surgery
checklist”, “checklist”, “team communication” in English and
Turkish. According to the latest search conducted on 10 March
2023, atotal of 172 research results were found. The total sample
size of the studies examined in the meta-analysis is 1,507, with
sample sizes ranging from 96 to 747. The average sample size
was calculated as 301. A meta-analysis was performed with 5
studies that met our research criteria. The study included 1
study published in 2011, 1 study published in 2012, 1 study
published in 2016, and 2 studies published in 2020.

Inclusion and Exclusion Criteria

Full-text studies published in English and Turkish between
2009 and 2023, employing quantitative research methodology
and examining the effect of safe surgery checklists on team
communication, were included.

Qualitative studies and reviews that did not contain quantitative
data, as well as studies for which the statistical data required
for meta-analysis could not be obtained, were excluded.

Study Selection

A total of 172 studies examining the impact of the use of Safe
Surgery Checklists on team communication were identified.
After removing duplicates (32), 58 studies for which full texts
were notaccessible, 56 studies lacking quantitative data on team
communication, and 21 studies published in languages other
than English and Turkish were evaluated by two independent
reviewers according to the inclusion and exclusion criteria. The
study was conducted with 5 research articles (Figure 1).
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Figure 1. Flowchart of the meta-analysis

Methodological Quality Assessment

Following the review of the articles, the Joanna Briggs Institute
MAStARI Critical Appraisal Tool was used for five publications
adapted into Turkish by Nahcivan and Secginli® for Descriptive/
Case Series studies. This tool contains a total of 9 items.
During the review of each study, the fulfilment of each of
the 9 features found in these forms was evaluated in detail.
Where the relevant feature was fulfilled, 1 point was awarded,
and where it was not fulfilled, 0 points were awarded. All
articles belonging to the subgroups included in the study
were reviewed independently by two researchers, and articles
scoring 6 or higher in the quality assessment were considered
high quality. Inter-coder agreement was found to be 81% based

on the quality assessment scores, indicating a very good level of
agreement between coders.

Statistical Analysis

The licensed software “Comprehensive Meta Analysis Academic/
Non-profit Pricing (version 3)” was used for data analysis. Data
from all articles meeting the inclusion criteria and selected for
inclusion in the study were entered into this software, and the
heterogeneity of the articles was assessed. In the heterogeneity
test, the random effects model was used for group analyses
with p<0.05, while the fixed effects model was used for group
analyses with p>0.05. The effect sizes, study weights, 95%
confidence intervals (Cls), and overall effect size of all studies
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were calculated. For analyses performed on binary data, the
“risk ratio and odds ratio” values were used as the basis for
evaluating the overall effect size. Cohen’s d coefficient was
used to compare means and calculate the overall effect size.
A statistical significance threshold of p<0.05 was accepted for
evaluating the overall effect. The kappa statistic was used in the
SPSS programme to assess inter-rater reliability.

RESULTS

Each of the five studies included in the meta-analysis, which
evaluated the effect of using safe surgery checklists on team
communication, is a research article and has been published
in peer-reviewed journals. The total sample size of the studies
examined in the meta-analysis is 1.507, with sample sizes
ranging from 96 to 747. The average sample size is 301. Three
of the studies included in the research are descriptive, and two
are retrospective research articles. The studies were published
between 2011 and 2020.

Following the review of the articles, the Joanna Briggs Institute
MAStARI Critical Appraisal Tool was used for the Descriptive/Case
Series studies adapted into Turkish by Nahcivan and Secginli®
for the remaining five publications. All articles belonging
to the subgroups included in the study were independently
reviewed by two researchers, and articles scoring 6 or higher
in the quality assessment were considered high quality. Inter-
coder agreement was found to be 81% based on the quality
assessment scores. The Kappa value was used to determine the
degree of agreement. The Kappa value (0.81) indicated a very
good level of agreement between coders (Table 1).

To assess potential publication bias, a funnel plot, Rosenthal’s
Safe N method, and Orwin’s Safe N method were prepared.
However, as the meta-analysis included only five studies,
statistical evaluation of publication bias is limited. Therefore,
publication bias could not be formally assessed, although a
funnel plot was constructed for visual inspection (Figure 2).

Funnel Plot of Standard Error by Log odds ratio
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Figure 2. Funnel plot of five studies using the meta-analysis method to determine the effect of using safe surgery checklists on team

communication

Table 1. Evaluation details of all studies subjected to quality assessment (n=5)

Score
" " - " " " - - - Total score
No | Author name-date Type S1 S2 S3 S4 S5 S6 S7 S8 S9
Descriptive
1 Cabral™ . P . 11 il M 1/0 il 11 11 il 0/1 9/9
Semi-experimental
2 Govindappagari'® Retrospective 11 0/0 M 1/0 11 11 11 11 0/0 8/8
3 Helmio" Descriptive A 0/0 Al Al A A A Al Al 8/8
4 Mohammed'® Retrospective 0/1 0/0 Al Al A 1/0 11 Al 1/0 717
5 Solsky™ Descriptive 0/1 1/0 Al M A 1A A 7 Al 8/8
*$1...59: $1-S9 represent the items of the Joanna Briggs Institute MAStARI Critical Appraisal Tool. Each item (S) assesses a specific aspect of methodological quality, such as
randomization, blinding, completeness of outcome data, or appropriate statistical analysis. S1 corresponds to the first criterion, S2 to the second, and so on
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When the Begg-Mazumdar and Egger tests were evaluated for
the skewness indicators of the funnel plot, Kendall’s tau value
was found to be 0.300 and the p-value was 0.462 for the Begg-
Mazumdar test. The analyses revealed no skewness. Rosenthal’s
fail-safe number data also supported the findings in the funnel

plot (Table 2).

Table 2. Graphical table showing publication bias in studies

Begg and Mazumdar rank collections

Kendall’s statistics (P-Q) | 4,00000
Kendall’s tau without continuity correction

Tau 0,40000
z-value for tau 0,97980
P-value (1-tail) 0,16359
P-value (2-tail) 0,32719
Kendall’s tau with continuity correction

Tau 0,30000
z-value for tau 0,73485
P-value (1-tail) 0,23122
P-value (2-tail) 0,46243
Classic fail-safe N

Z-value for observed studies 4,33289
P-value for observed studies 0,00001
Alpha 0,05000
Tails 2,00000
Z for alpha 1,95996
Number of observed studies 5,00000
gl_li/;qlkj):rtgirgli;ﬂgg studies that would you bring 200,000
Orwins fail-safe N

0dds ratio in observed studies 1,80568

Creterion for a “trivial” odds ratio 1,00000

Mean odds ratio in missing studies 1,00000

Criterion must fall between other values

A heterogeneity test was applied to determine the effect of
the use of safe surgery checklists on team communication in
the articles included in the study. The p-value obtained from
the heterogeneity test was greater than 0.05 (p=0.241>0.05)
and the Q-value (0.548) was found to be less than the value
corresponding to the degree of freedom [(df=4 for y?
(0.95)=0.711)]. These results indicate that the studies examined
in the meta-analysis have a homogeneous structure. The Z-test
calculations performed for statistical significance yielded a
7 value of 3.493. The I2 statistic was calculated as 27.014%,
indicating homogeneity. The effect size distribution was
assessed according to the fixed-effects model (p>0.05) (Table 3).

Figure 3 shows the meta-analysis results of five studies included
in the research examining the effect of using safe surgery
checklists on team communication, presented as a forest plot.
The mean effect size (odds ratio) was found to be (+1.806).
According to this result, the effect size of the use of safe surgery
checklists on team communication (G.A; 1.357-2.402; p= 0.000)
was found to be statistically significant, as it exceeded the odds
ratio value of +1. It was determined that surgical teams using
safe surgery checklists were 1.8 times more likely to have better
team communication than those not using them (95% Cl).

DISCUSSION

In this systematic review and meta-analysis, data from five
studies with a sample size of 1.507, in which safe surgical
checklists were used, were evaluated, and the effects of
using safe surgical checklists on team communication were
discussed. Operating theatres are fast-paced, stressful work
environments where multidisciplinary staff work, complex
tasks are performed, and real-time information from patients,
colleagues, and monitors must be responded to°. Effective
surgical team communication is vital for establishing a reliable
safety culture in operating theatres'’. The use of the WHO safe
surgery checklist is an established practice worldwide and
contributes to patient safety and collaborative teamwork. It is
also used as a standard tool for team communication during

Table 3. Results of the heterogeneity test for the effect of using safe surgical checklists on team communication

Effect size and 95% interval

Model Number studies Point estimate Lower estimate Upper limit
Fixed 5 1.805 1.357 2.401
Random 5 1.857 1.312 2.628
Test of null (2-tail)

Model Z-value P-value

Fixed 3.493 0.001

Random 7.258 0.000

Heterogenity

Model Q-value Df (Q) P-value I-squared
Fixed 0.548 4 0.241 27.014
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Meta Analysis

Study name

Statistics for each study

Odds ratio and 95% CI

Odds Lower Upper

ratio limit
Cabral 2016 1,155 0682 1,955
Govindappagari,202(v44 1,037 2935
Helmio,2011 4004 0,84418997
Mohammed 2012 2,530 1,184 5403
Solsky,2020 2419 1335 4383
Pooled 1,806 1,357 2402

0,536
2,095
1,746
2,397
2914

4,060

limit Z-Value p-Value

0,592
0,036
0,081
0,017
0,004
0,000

L
L
-
=
¢

0,1 1 10

Meta Analysis

Figure 3. Forest plot of the effect of using surgical safety checklists on team communication

Cl: Confidence interval

surgical procedures to encourage communication and reduce
hierarchy. Challenges in communication and collaboration can
arise within surgical teams; a hierarchical environment, team
members not knowing each other, different communication
patterns, and conflicting views on teamwork are some of the
issues mentioned™. Cabral et al.” attempted to implement
a programme for the use of a safe surgery checklist in their
study, conducting the study with a pre-test and post-test. They
found that 30% of the 114 surgical team members used the safe
surgical checklist, that communication had the highest internal
consistency, and that nurses’ perception of communication
increased the most from the pre-test to the post-test.

Another study evaluating whether the use of safe surgical
checklists improves communication in the operating theatre
investigated the benefits of preoperative briefings in cardiac
surgery. It found that the number of miscommunication events
in the briefing group was reduced by 50 per cent compared to
the group that did not use the briefing tool'>".

A proven communication tool, safe surgical checklists
incorporate a standardised surgical checklist to minimise
human error. Communication of the checklist has been shown
to reduce mortality rates by improving teamwork, the safety
environment and surgical outcomes’.

The WHO reports that surgical safety checklists significantly
reduce morbidity, mortality and complication rates™™. It is
estimated that more than half of the complications occurring
in hospital settings are related to surgical procedures.
Therefore, safety in operating theatres is a major concern®.
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The surgical process is a complex procedure encompassing
preoperative, intraoperative, and postoperative phases. Care is
provided to the patient through multidisciplinary collaboration
at every stage of the surgical process. In this multidisciplinary
collaboration, team communication is paramount during
transitions between surgical procedures’™. Communication
gaps are considered one of the main causes of preventable
adverse outcomes in obstetrics. A study investigating whether
the use of an obstetric safe surgery checklist, based on the WHO
safe surgery checklist for caesarean sections, could improve
communication found that the implementation of the safe
surgery checklist did improve communication™. The use of
surgical safety checklists in ear, nose, and throat (ENT) and
head and neck surgery procedures has been found to positively
contribute to the surgical workflow in ENT and head and neck
surgery and to improve the sharing of patient-related medical
information among team members'”. A study examining
the effect of the safe surgery checklist (WHO checklist) on
perioperative communication between anesthesiologists and
obstetricians concluded that the implementation of the safe
surgery checklist positively improved communication®. The
WHO also emphasizes that the checklist should not lose its
ability to influence teamwork and communication. In a study
conducted by Solsky et al.’, 155 checklists were examined
to investigate whether communication and teamwork were
emphasized in surgical safety checklist modifications. This
study concluded that increased team communication would
lead to an improvement in safety culture.
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As the roles of the surgical team during an operation are
interdependent, effective communication between the team,
including anaesthetists, nurses and surgeons, is crucial in
preventing avoidable complications such as operating on the
wrong area and inappropriate antibiotic use.

Study Limitations

This study aims to determine the effect of safe surgery
checklists on team communication using the meta-analysis
method. This meta-analysis has several limitations. First, the
number of included studies is relatively small, which may
limit the statistical power and generalizability of the findings.
Second, despite clinical and methodological heterogeneity
among the studies, a fixed-effect model was used in some
subgroup analyses because the number of studies was small
(n<5) and heterogeneity tests were not statistically significant
(p>0.05). Inter-study variance could not be reliably estimated
using a random-effects model, which may further limit
generalizability. Third, due to the limited number of studies,
although funnel plots and safe N methods were created for
visual inspection, publication bias could not be formally
assessed. In conclusion, the limited number of studies included
in the study, the fact that they were only observational and
descriptive studies, differences in the use of safe surgery
checklists, the limited number of studies examining only the
effect on communication, cultural and clinical differences in
practice, and limited reporting in some studies may affect the
interpretation of the results.

CONCLUSION

The complexity of the surgical environment can lead to
communication errors. This study evaluated the effect of
using the safe surgery checklist on team communication
in hospitals, starting from the clinic where the checklist
was first implemented, using a meta-analysis method. The
study included surgeons, nurses, anaesthetists, anaesthesia
technicians, and surgical teams working in the surgical field.
According to the analysis results, it was found that team
communication was 1.8 times higher in surgical teams using
safe surgical checklists than in those not using them. However,
the meta-analysis was conducted with only five studies
included in the study, which creates limitations and cannot
be generalised. It is recommended that different studies be
conducted to determine the effect of variables affecting team
communication in the use of safe surgical checklists.
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Screening for Asthma- and Allergy-related Symptoms and
Associated Factors in Children: A School-based Cross-sectional
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Cocuklarda Astim ve Alerjiyle iliskili Semptomlar ile iliskili Faktorlerin Taranmast: Okul
Temelli Kesitsel Bir Galisma
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ABSTRACT

Aim: This school-based cross-sectional study aimed to determine the proportion of school-age children who screened positive for asthma- and
allergy-related symptoms and to identify associated child- and parent-level factors.

Materials and Methods: This cross-sectional study was conducted among children attending grades 2-7 at a single school in istanbul. Data were
collected using a structured Child and Parent Information Form and the School-Based Asthma and Allergy Screening Questionnaire (SBASQ), which
comprises a parent/caregiver questionnaire (PQ) and a student questionnaire (SQ). SBASQ cut-off scores were used to identify screening-positive
results for asthma- and allergy-related symptoms. A total of 379 children with complete questionnaires were included in the analysis.

Results: The mean age of participants was 10.09+1.97 (7-14) years, and 62.8% were aged 7-10 years. Based on the PQ, 27.7% of children screened
positive for asthma-related symptoms and 68.1% for allergy-related symptoms; corresponding proportions based on the SQ were 25.3% and 63.6%,
respectively. Antibiotic use during the first year of life and a history of respiratory disease before the age of two years were significantly associated
with higher screening-positive rates for both asthma- and allergy-related symptoms across both PQ and SQ analyses (p<0.05 for all comparisons).
Positive screening for asthma-related symptoms according to the PQ was more frequent among boys (p=0.041), children with low birth weight
(p=0.035), and those with a history of hospitalization due to pneumonia (p=0.018). For allergy-related symptoms, positive screening according to the
PQ was significantly associated with maternal asthma/allergy (p=0.012) and frequent consumption of packaged/processed foods (p=0.017).

Conclusion: This study demonstrated that a substantial proportion of school-age children screened positive for asthma- and allergy-related
symptoms. Several child- and parent-level characteristics were associated with positive screening results. These findings suggest that symptom-based
school screening may help identify children who could benefit from further clinical evaluation, without implying a clinical diagnosis.
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0z
Amacg: Bu okul temelli kesitsel calisma, okul cagi cocuklarinda astim ve alerji ile iliskili semptomlar acisindan pozitif tarama sonucuna sahip olanlarin
oranini belirlemeyi ve cocuk ve ebeveyn diizeyindeki iliskili faktorleri tanimlamayr amaglamistir.

Gerec ve Yontem: Bu kesitsel calisma, istanbul’da tek bir okulda 2-7. siniflarda 68renim goren cocuklar arasinda yiriitiildii. Veriler, yapilandiriimis
Cocuk ve Ebeveyn Bilgi Formu ile ebeveyn/bakici anketi (EA) ve 6grenci anketinden (OA) olusan Okul Temelli Astim ve Alerji Tarama Anketi (OTATA)
kullanilarak toplandi. OTATA kesme puanlari, astim ve alerji ile iliskili sesmptomlar acisindan pozitif tarama sonuglarini belirlemek amaciyla kullanildr.
Anketleri eksiksiz dolduran toplam 379 cocuk analize dahil edildi.
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Bulgular: Katihmailarin yas ortalamasi 10,09+1,97 (7-14) yil olup, %62,8'i 7-10 yas grubundaydi. EA'ya gore cocuklarin %27,7'si astim ile iliskili
semptomlar, %68,1'i ise alerji ile iliskili semptomlar acisindan pozitif tarama sonucuna sahipti; OA'ya gore karsihk gelen oranlar sirasiyla %25,3 ve
%63,6 olarak bulundu. Yasamin ilk yilinda antibiyotik kullanimi ve iki yasindan 6nce solunum yolu hastahgi 6ykiisii, hem EA hem de OA analizlerinde
astim ve alerji ile iliskili semptomlar agisindan daha yiiksek pozitif tarama oranlari ile anlamli diizeyde iliskiliydi (tim karsilastirmalar icin p<0,05).
EA'ya gore astim ile iliskili semptomlar acisindan pozitif tarama; erkek ¢ocuklarda (p=0,041), diisiik dogum agirligi olanlarda (p=0,035) ve pnomoni
nedeniyle hastaneye yatis oykust bulunanlarda (p=0,018) daha sik gorildu. Alerji ile iliskili semptomlar agisindan pozitif tarama ise EA'ya gore
annede astim/alerji oykisi (p=0,012) ve paketlenmis/islenmis gidalarin sik tiiketimi (p=0,017) ile anlamli diizeyde iliskili bulundu.

Sonug¢: Bu calisma, okul ¢cagi cocuklarinin onemli bir bélimunin astim ve alerjiyle iliskili semptomlar acisindan pozitif tarama sonucuna sahip

oldugunu gostermistir. Cocuklara ve ebeveynlere ait cesitli 6zelliklerin pozitif tarama sonuglari ile iliskili oldugu saptanmistir. Bu bulgular, klinik
tani anlamina gelmemekle birlikte, daha ileri degerlendirmeden yarar gorebilecek cocuklarin belirlenmesinde semptom temelli okul taramasinin

potansiyel degerini ortaya koymaktadir.
Anahtar Kelimeler: Alerji, astim, cocuk, okul, tarama

INTRODUCTION

Asthma and other allergic diseases, including allergic rhinitis
(AR), atopic dermatitis (AD), and food allergies, represent
a major public health concern in childhood'. According to
the World Health Organization, approximately 300 million
individuals worldwide are affected by asthma, and its burden
continues to rise globally2.

Data from the Global Asthma Network Phase | study, which
included 14 countries, reported a prevalence of asthma of 9%
among children aged 6-7 years and 11% among those aged
13-14 years®. Similarly, the prevalence of allergic diseases in
children has increased markedly over recent decades’. The
distribution of asthma and allergic conditions varies across
regions and is influenced by multiple environmental and host-
related factors, including urbanization, air pollution, exposure
to tobacco smoke, respiratory infections, dietary habits, genetic
predisposition, and perinatal characteristics®.

In school-age children, asthma and allergic diseases may
adversely affect school attendance, academic performance, and
participation in daily and social activities, particularly when
symptoms remain unrecognized or undiagnosed. Delayed
recognition may contribute to ongoing symptom burden
and potentially preventable morbidity. Early identification
of children with asthma- and allergy-related symptoms is
therefore critical to enable timely clinical assessment and
appropriate management®.

School-based screening approaches may offer a practical
opportunity to detect children with previously unrecognized
asthma- or allergy-related symptoms and to examine associated
child- and parent-level characteristics within the community
setting. Evidence from prior school-based initiatives supports
the feasibility of such programs in identifying undiagnosed or
poorly controlled asthma and facilitating care coordination’. At
the same time, qualitative evidence from school-based health
providers suggests that screening practices and the integration
of contextual and social risk information may vary depending
on available resources and implementation capacity®.
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This study aimed to determine the proportion of school-age
children with positive screening results for asthma- and allergy-
related symptoms and to examine associated child- and parent-
level factors within a school-based cross-sectional framework.

MATERIALS AND METHODS
Study Design and Setting

This school-based cross-sectional study was conducted among
primary and secondary school students aged 7-14 years
attending grades 2-7 in a school located in the Gaziosmanpasa
district of istanbul, Tirkiye. The selected school was randomly
chosen from schools in the district and was classified as
representing a middle socioeconomic level based on available
administrative indicators, including parental educational
attainment, household income distribution, and neighborhood
characteristics. This approach was intended to approximate
the average urban population and to minimize potential
confounding related to socioeconomic extremes, which are
known to influence the prevalence and reporting of asthma
and allergic diseases.

Sample size was determined pragmatically based on feasibility
within the selected school. A total of 600 questionnaires were
distributed (300 to primary school students in grades 2-5 and
300 to secondary school students in grades 6-7) to ensure
balanced representation across age groups and school levels
while anticipating a response rate of approximately 75-80%. This
approach yielded sufficient participants for reliable prevalence
estimation of asthma- and allergy-related symptoms in a
school-based setting.

Inclusion and Exclusion Criteria

Children aged 7-14 years whose parents provided written
informed consent and who were able to understand and
respond to the study questionnaires were eligible. Children
with communication barriers (including hearing or speech
impairment and cognitive impairment) affecting themselves
and/or their parents, as well as children whose parents were
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illiterate, were excluded. Children whose parents did not
provide written informed consent or whose questionnaires had
missing data were excluded, as detailed in Figure 1.

Ethics approval was obtained from the University of Health
Sciences Tiirkiye, Gaziosmanpasa Training and Research
Hospital Ethics Committee (approval no: 398, date: 22.12.2021)
and the istanbul Governorship Provincial Directorate of
National Education (24.02.2022, no: E-59090411). Parents
were informed about the study objectives and procedures
through written information sheets provided together with the

questionnaires, and written informed consent was obtained
prior to participation.

Data Collection Tools

Child and Parent Information Form

A structured form developed by the authors based on the
relevant literature was used to collect data on sociodemographic
characteristics (age, sex, grade level), early-life factors (maternal
age at delivery, mode and timing of birth, birth weight,

each).

A total of 600 questionnaires were distributed to
primary and secondary school students (300

Of the 300 questionnaires distributed to
primary school students, 244 were returned to
us.

Of the 300 questionnaires distributed to
secondary school students, 224 were
returned to us.

-Those whose parents did not agree to
participate in the study (n=21) and

-Those with missing data (n=5) were
excluded.

Total number of students included in the
study from primary school

n=218

Figure 1. Study flowchart

-Those whose parents did not agree to
participate in the study (n=55),

-Those with missing data (n=7), and

-Those who did not meet the age criteria
(n=1) were excluded.

Total number of students included in the
study from secondary school

n=161
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breastfeeding history, antibiotic use during the first year of life,
respiratory disease before age two, history of hospitalization
due to pneumonia), dietary habits (packaged/processed
food consumption), and known medical conditions. Parental
sociodemographic and medical characteristics, including age,
educational level, household income, asthma/allergy history,
chronic disease status, and smoking status, were also recorded.

School-based Asthma and Allergy Screening Questionnaire

The School-based Asthma and Allergy Screening Questionnaire
(SBASQ) was developed by Redline et al.? in 2004 to identify
school-aged children who may be at increased risk for asthma
and allergic conditions, particularly those who have not been
previously diagnosed. The Turkish validity and reliability
study was conducted by Kilic et al.'®. The SBASQ consists
of two components: a parent/caregiver questionnaire (PQ)
and a student questionnaire (SQ). The final four items in
both components, which relate to physician diagnosis and
medication use, are excluded from scoring, as they are not
part of the symptom-based screening score. According to the
scoring system, a total score of >3 indicates asthma-related
screening positivity, while a score of >1 indicates allergy-related
screening positivity. In the present study, these cut-off values
were operationally interpreted as indicating positive screening
results rather than clinical diagnosis. The Turkish version
demonstrated acceptable internal consistency, with Cronbach’s
alpha coefficients of 0.72 for the SQ and 0.80 for the PQ.

Study Procedure

Data collection was conducted between March 1 and April 5,
2022. Questionnaires were distributed to 600 students (300
primary school and 300 secondary school) via their teachers
and completed at home by the children and their parents/
caregivers. Of these, 468 questionnaires were returned
(response rate: 78%). After excluding 76 cases due to parental
non-consent and 13 cases with incomplete data or failure
to meet age criteria, a total of 379 complete and eligible
questionnaires were included in the final analysis (Figure 1).

Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics
version 22. The distributional properties of continuous
variables were evaluated using the Kolmogorov-Smirnov and
Shapiro-Wilk tests. Continuous variables were summarized
as mean =* standard deviation, whereas categorical variables
were expressed as frequencies and percentages. Associations
between categorical variables were examined using the chi-
square test. Yates’ continuity correction was applied when
appropriate, and Fisher’s exact test was used when expected
cell counts were low. All analyses were two-sided, and a p-value
<0.05 was considered statistically significant.

300

RESULTS

The study included 379 children aged 7-14 years, with a
mean age of 10.09£1.97 years. The mean age of mothers was
36.9+5.5 years (range: 26-56), and the mean age of fathers was
41.3%5.2 years (range: 29-57). A physician-diagnosed history
of asthma and/or allergy was reported in 89 children (23.5%).
Among the 89 children (23.5%) with a physician-diagnosed
respiratory/allergic condition, 70 (18.5%) had asthma (with or
without allergy) and 56 (14.8%) had allergy (with or without
asthma). The sociodemographic and clinical characteristics of
the children and parents are summarized in Table 1 and Table
2, respectively.

According to the PQ, 27.7% of the children screened positive
for asthma-related symptoms, and 68.1% screened positive
for allergy-related symptoms. Based on the SQ, 25.3% of the
children screened positive for asthma-related symptoms, and
63.6% screened positive for allergy-related symptoms (Table 3).

As shown in Table 4, children who had received antibiotics
during the first year of life showed significantly higher positive
screening rates for both asthma- and allergy-related symptoms
according to both the PQ (34.1% and 73.2%, respectively;
p=0.009 and p=0.043) and the SQ (30.2% and 71.5%,
respectively; p=0.040 and p=0.002). Similarly, a history of
respiratory disease before the age of two years was associated
with markedly higher screening-positive rates in both the PQ
(50.0% and 87.1%) and the SQ (44.3% and 82.9%) (p<0.001 for all
comparisons). Positive screening for asthma-related symptoms
based on the PQ was also more frequent among boys than girls
(p=0.041).

As presented in Table 5, maternal history of asthma or allergy
was associated with significantly higher positive screening
rates for allergy-related symptoms according to both the PQ
(84.3%) and the SQ (78.4%) (p=0.012 and p=0.027, respectively).
Paternal history of asthma or allergy was associated with
higher positive screening rates for asthma-related symptoms
according to the PQ (47.8%) and for both asthma-related
(47.8%) and allergy-related (87.0%) symptoms according to the
SQ (p=0.047, p=0.021, and p=0.029, respectively).

DISCUSSION

In this school-based cross-sectional screening study, 27.7%
of children screened positive for asthma-related symptoms
and 68.1% for allergy-related symptoms according to parent
reports, with similar proportions observed in the student
component. These rates exceeded the prevalence of physician-
diagnosed asthma and/or allergy in the study population,
reflecting the broader symptom burden captured by screening-
based assessment. Screening-positive results were associated
with male sex, early-life respiratory morbidity and antibiotic
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exposure, low birth weight, and parental history of asthma or
allergy. Although screening positivity does not equate to clinical
diagnosis, these findings highlight the presence of potentially
unrecognized respiratory and allergic symptoms in school-age
children and suggest a gap between symptom experience and
formal diagnosis.

Large-scale  international  studies have  consistently
demonstrated wide cross-country variation in the prevalence of
asthma symptoms and physician-diagnosed asthma, with rates
differing markedly across regions and age groups''. National
data from Tirkiye similarly indicate considerable heterogeneity

in asthma and allergic disease prevalence among school-age
children'™'. Within this context, the proportion of physician-
diagnosed asthma observed in the present study (18.5%)
falls within previously reported ranges, whereas the higher
screening-positive proportions are consistent with the broader
symptom patterns typically identified through questionnaire-
based assessment.

Discrepancies between symptom-based screening results and
physician-diagnosed asthma have been reported in pediatric
community populations, where questionnaire-based tools often
identify children with unrecognized respiratory symptoms'-°.

Table 1. Sociodemographic, clinical, and environmental characteristics of children

n %
Sociodemographic characteristics
Female 191 50.4
Gender
Male 188 49.6
Age ( ) 7-10 238 62.8
e (years
ey 11-14 141 37.2
Number of siblings None 28 7.4
1-3 289 76.2
4 and above 62 16.4
Clinical characteristics
Physician-diagnosed asthma and/or allergy Yes 89 235
No 290 76.5
Perinatal and early-life characteristics
. Vaginal delivery 201 53.0
Mode of delivery -
Cesarean section 178 47.0
Term 326 86.0
Time of birth Preterm 34 9.0
Postterm 19 5.0
Normal 337 88.9
Birth weight Low 35 9.2
High 7 1.8
o Yes 366 96.6
Breastfeeding history
No 13 34
. . . . Yes 179 47.2
Antibiotic use during the first year of life
No 200 52.8
. . Yes 70 18.5
Respiratory tract disease before the age of two
No 309 81.5
. . . Yes 29 7.7
History of hospitalization due to pneumonia
No 350 92.3
Never/almost never 31 82
Packaged/processed food consumption Rarely 257 67.8
Often 91 24
. Yes 182 48.0
Household smoking exposure
No 197 52.0

Data presented as number (%) of participants
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Such differences are often attributed to under-recognition and
variability in healthcare access. In this context, school-based
screening may be viewed as a complementary strategy that
enhances early detection of symptom burden rather than as a
measure of confirmed disease prevalence.

Table 2. Sociodemographic and clinical characteristics of parents

Early-life biological vulnerability and familial predisposition
are well-established determinants of susceptibility to asthma-
and allergy-related symptoms®?'. Longitudinal
demonstrates that early respiratory infections, antibiotic

evidence

exposure in infancy, and perinatal factors contribute to later

Parental educational level
Literate 20 5.3
Primary school 145 383
Mother Middle school 95 251
High school 93 24.5
University 26 6.9
Literate 10 2.6
Primary school 141 37.2
Father Middle school 97 25.6
High school 103 27.2
University 28 7.4
Parental smoking status
Current smoker 93 24.5
Mother Former smoker 22 5.8
Never smoker 264 69.7
Current smoker 210 55.4
Father Former smoker 57 15
Never smoker 112 29.6
Parental asthma/allergy history
Mother Yes 51 13.5
Father Yes 23 6.1
Low 123 32.5
Household income level Middle 225 59.4
High 31 82
Data presented as number (%) of participants

Table 3. SBASQ score distribution and screening-positive results for asthma- and allergy-related symptoms

Distribution of SBASQ scores Min-max Mean =* SD (median)
Asthma (PQ) 0-8 1.8£2.1 (1)

Allergy (PQ) 0-2 0.9£0.7 (1)

Asthma (SQ) 0-7 1.6+1.8(1)

Allergy (SQ) 0-2 0.8+0.7 (1)
Screening-positive results based on SBASQ cut-off scores n %

Asthma-related symptoms (PQ) 105 27.7

Allergy-related symptoms (PQ) 258 68.1

Asthma-related symptoms (SQ) 96 253

Allergy-related symptoms (SQ) 241 63.6

Data are presented as mean + SD (median) and minimum-maximum values

Screening-positive results were defined according to SBASQ cut-off scores (>3 for asthma-related symptoms and >1 for allergy-related symptoms)

PQ: Parent/caregiver questionnaire, SQ: Student questionnaire, SBASQ: School-Based Asthma and Allergy Screening Questionnaire, SD: Standard deviation
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Table 4. Distribution of screening-positive results for asthma- and allergy-related symptoms according to child

characteristics

Allergy-related Asthma-related Allergy-related
Asthma-related symptoms symptoms symptoms
symptoms (PQ)
(PQ) (SQ) (SQ)
n (%) n (%) n (%) n (%)
Sociodemographic characteristics
Female 44 (23%) 123 (64.4%) 41 (21.5%) 118 (61.8%)
Gender Male 61 (32.4%) 135 (71.8%) 55 (29.3%) 123 (65.4%)
p 0.041 0.122 0.081 0.461
7-10 65 (27.3%) 164 (68.9%) 67 (28.2%) 155 (65.1%)
Age 11-14 40 (28.4%) 94 (66.7%) 29 (20.6%) 86 (61%)
p 0.824 0.651 0.101 0.419
Perinatal and early-life characteristics
Vaginal 59 (29.4%) 134 (66.7%) 51 (25.4%) 126 (62.7%)
Mode of delivery C/S 46 (25.8%) 124 (69.7%) 45 (25.3%) 115 (64.6%)
p 0.446 0.532 0.984 0.698
Term 86 (26.4%) 223 (68.4%) 82 (25.2%) 205 (62.9%)
) ) Preterm 14 (41.2%) 26 (76.5%) 9 (26.5%) 26 (76.5%)
Time of birth
Postterm 5 (26.3%) 9 (47.4%) 5 (26.3%) 10 (52.6%)
p 0.184 0.088 0.981 0.174
Normal 88 (26.1%) 226 (67.1%) 82 (24.3%) 211 (62.6%)
) ) Low 16 (45.7%) 29 (82.9%) 13 37.1%) 26 (74.3%)
Birth weight -
High 1 (14.3%) 3 (42.9%) 1 (14.3%) 4 (57.1%)
°p 0.035 0.057 0.201 0.369
Yes 101 (27.6%) 250 (68.3%) 93 (25.4%) 232 (63.4%)
Breastfeeding history No 4 (30.8%) 8 (61.5%) 3(23.1%) 9 (69.2%)
’p 0.760 0.563 1.000 0.776
Yes 61 (34.1%) 131 (73.2%) 54 (30.2%) 128 (71.5%)
Antibiotic use during the first "/ 44 (22.0%) 127 (63.5%) 42 (21.0%) 113 (56.5%)
year of life
p 0.009" 0.043" 0.040" 0.002"

) ) Yes 35 (50%) 61 (87.1%) 31 (44.3%) 58 (82.9%)
Respiratory illness before the " 70 (22.7%) 197 (63.8%) 65 (21%) 183 (59.2%)
age of two

p <0.001" <0.001" <0.001" <0.001
) o Yes 14 (48.3%) 20 (69%) 10 (34.5%) 20 (69%)
History of hospitalization due "\ 91 (26%) 238 (68%) 86 (24.6%) 221 (63.1%)
to pneumonia
2D, 0.018" 1.000 0.338 0.671
Never/almost never | 7 (22.6%) 13 (41.9%) 5 (16.1%) 17 (54.8%)
Packaged/processed food Rarely 64 (24.9%) 176 (68.5%) 64 (24.9%) 155 (60.3%)
consumption Often 34 (37.4%) 69 (75.8%) 27 (29.7%) 69 (75.8%)
p 0.059 0.002 0.314 0.017
Yes 50 (27.5%) 127 (69.8%) 47 (25.8%) 122 (67.0%)
Household smoking exposure No 55 (27.9%) 131 (66.5%) 49 (24.9%) 119 (60.4%)
p 0.923 0.493 0.832 0.180
'Chi-square test, ?Yates’ continuity correction, *Fisher’s exact test, ‘p<0.05
Data presented as number (%) of participants. C/S: Cesarean section, PQ: Parent/caregiver questionnaire, SQ: Student questionnaire
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Table 5. Distribution of screening-positive results for asthma- and allergy-related symptoms according to parental sociodemographic

and clinical characteristics

Asthma-related

Allergy-related Asthma-related Allergy-related

symptoms (PQ) symptoms (PQ) symptoms (SQ) symptoms (SQ)
n (%) n (%) n (%) n (%)
Current smoker 25 (26.9%) 62 (66.7%) 19 (20.4%) 57 (61.3%)
Maternal smoking status Former smoker 5 (22.7%) 15 (68.2%) 7 (31.8%) 18 (81.8%)
Never smoker 75 (28.4%) 181 (68.6%) 70 (26.5%) 166 (62.9%)
p 0.832 0.945 0.393 0.180
Current smoker 62 (29.5%) 146 (69.5%) 57 (27.1%) 137 (65.2%)
Paternal smoking status Former smoker 18 (31.6%) 42 (73.7%) 19 (33.3%) 37 (64.9%)
Never smoker 25 (22.3%) 70 (62.5%) 20 (17.9%) 67 (59.8%)
p 0.302 0.269 0.061 0.614
el e Ll No 85 (25.9%) 215 (65.5%) 77 (23.5%) 201 (61.3%)
history Yes 20 (39.2%) 43 (84.3%) 19 (37.3%) 40 (78.4%)
p 0.071 0.012" 0.053 0.027
No 94 (26.4%) 238 (66.9%) 85 (23.9%) 221 (62.1%)
E?Stt‘;rr"ya' asthma/allergy Yes 11 (47.8%) 20 (87%) 11 (47.8%) 20 (87%)
p 0.047 0.076 0.021 0.029
Low 41 (33.3%) 82 (66.7%) 39 (31.7%) 78 (63.4%)
) Middle 57 (25.3%) 156 (69.3%) 48 (21.3%) 140 (62.2%)
Household income level =
High 7 (22.6%) 20 (64.5%) 9 (29%) 23 (74.2%)
p 0.225 0.796 0.092 0.430

Chi-square test, ?Fisher’s exact test, “p<0.05, screening-positive results were defined according to SBASQ cut-off scores
PQ: Parent/caregiver questionnaire, SQ: Student questionnaire, SBASQ: School-Based Asthma and Allergy Screening Questionnaire

respiratory and allergic outcomes through mechanisms
involvingimmunesystem maturationand lungdevelopment?%.
Parental asthma or allergy further amplifies this risk via both
genetic susceptibility and shared environmental influences?.
In line with this evidence, our findings showed that early-life
exposures—particularly respiratory illness in early childhood
and antibiotic use during the first year of life—are associated
with higher screening-positive rates for asthma- and allergy-
related symptoms, together with established risk factors such
as low birth weight and parental atopy. Collectively, these
findings support the notion of a cumulative risk profile shaped
by interacting biological and familial factors, which can be
effectively captured through school-based symptom screening
approaches.

Environmental and behavioral influences appear to further
modulate these underlying vulnerabilities. Although passive
smoke exposure has been widely associated with increased
asthma risk, its effects vary across settings, and no significant
associations were detected in this study?2¢. Conversely, dietary
patterns—particularly frequent consumption of packaged/
processed foods—were associated with allergy-related screening
positivity, underscoring the interplay between lifestyle-related
exposures and inherent susceptibility?®. Together, these
findings illustrate a multifactorial risk landscape in which

304

biological, familial, and environmental factors converge to
shape symptom burden in school-age children.

At a system level, school-based screening can address a critical
gap by identifying children who experience symptoms yet
remain outside routine clinical detection pathways. Integrating
such screening outputs into family medicine follow-up
could support earlier evaluation and more timely preventive
interventions without replacing clinical diagnosis.

This study has notable strengths, including use of a validated
screening instrument incorporating both parent- and student-
reported components and a school-based design capturing
community-level symptom burden. Inclusion of both child- and
parent-level variables enabled multidimensional evaluation of
screening-positive profiles.

Study Limitations

Several limitations should be acknowledged. First, the cross-
sectional design precludes causal inference. Second, screening-
positive results were based on questionnaire responses without
clinical confirmation and should therefore be interpreted as
reflecting symptom burden rather than diagnosed disease.
Third, the study was conducted in a single school representing a
middle socioeconomiclevel, which may limitthe generalisability
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of the findings to populations with different socioeconomic,
environmental, and healthcare-access characteristics, as
socioeconomic status is a known determinant of asthma and
allergic disease prevalence. In additon, the self-reported nature
of early-life and household exposures may introduce under- or
misreporting, particularly for socially sensitive variables such
as smoking. Finally, as analyses were primarily unadjusted,
residual confounding cannot be excluded; multivariate
analyses are warranted in future studies.

CONCLUSION

In this school-based cross-sectional screening study, a
substantial proportion of school-age children screened positive
forasthma- and allergy-related symptoms, with rates appearing
higher than those typically reported for physician-diagnosed
disease. Positive screening results were associated with several
child- and parent-level characteristics, including early-life
exposures and family history. Although screening positivity
does not constitute a clinical diagnosis, these findings highlight
the potential value of school-based screening approaches
in identifying children who may benefit from further clinical
evaluation. Integration of such strategies with primary care
and family medicine practices may enhance early recognition
of symptom burden and support timely referral and preventive
interventions.
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Effects of Multiple Sclerosis on the Medial Olivocholear System

Multipl Sklerozun Medial Olivokolear Sistem Uzerine Etkileri
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ABSTRACT

Aim: Multiple sclerosis (MS) is a chronic inflammatory disease characterized by demyelination within the central nervous system. This study aimed to
investigate the effects of MS on the medial olivocochlear (MOC) efferent system using transient evoked otoacoustic emissions (TEOAE) and contralateral
suppression testing.

Materials and Methods: Peripheral hearing was evaluated using pure-tone audiometry. The function of the MOC system was assessed using TEOAE
recordings obtained with and without contralateral broadband noise stimulation. The study included 30 patients with MS and 32 healthy controls.
TEOAE measurements were performed bilaterally at 1000, 1500, 2000, 3000, and 4000 Hz. Contralateral suppression was calculated to evaluate MOC
reflex activity.

Results: TEOAE amplitudes were significantly reduced in patients with MS compared to controls across all tested frequencies (1000-4000 Hz). In
addition, contralateral suppression values at 4000 Hz were significantly lower in the MS group bilaterally (p<0.05). Overall, MOC suppression responses
were markedly diminished in patients with MS, indicating impaired efferent auditory function.

Conclusion: Given that otoacoustic emissions reflect cochlear Outer hair cell (OHC) function, reduced TEOAE amplitudes in MS patients may indicate
early subclinical involvement of OHCs. The observed reduction in contralateral suppression, particularly at 4000 Hz, suggests dysfunction of the MOC
efferent system. These findings demonstrate that MS affects the auditory efferent pathways and highlight the importance of evaluating subclinical
auditory involvement in this population.

Keywords: Medial olivocochlear reflex, multiple sclerosis, otoacoustic emissions, contralateral suppression, auditory efferent system

0z
Amag: Multipl skleroz (MS), merkezi sinir sistemi ve omurilikte miyelin hasari ile karakterize, kronik enflamatuvar bir hastaliktir. Bu ¢alismanin
amaci, MSin isitsel efferent sistemlerden medioolivokoklear (MOK) sistem tizerindeki etkilerini degerlendirmektir.
Gereg ve Yontem: Bu calismada periferik isitme, saf ses odyometrisi ile degerlendirilmistir. MOK sistemi ise transient otoakustik emisyon (TEOAE) testi
ve kontralateral genis bant girtilti esliginde yapilan supresyon testi ile incelenmistir. Calismaya 30 MS hastasi ve 32 saglikli kontrol dahil edilmistir.
Tum katihmailara sag ve sol kulakta 1000, 1500, 2000, 3000 ve 4000 Hz frekanslarinda TEOAE olctimleri yapiimis ve MOK refleksini degerlendirmek
amaciyla kontralateral supresyon testi uygulanmistir.
Bulgular: MS hastalarinda TEOAE amplittdlerinin, kontrol grubuna kiyasla tim frekanslarda (1000-4000 Hz) anlaml derecede azaldigi saptanmistir.
Ayrica, bilateral 4000 Hz frekansinda kontralateral supresyon degerleri acisindan MS ve kontrol gruplari arasinda anlamli fark bulunmustur (p<0.05).
MS grubunda MOK supresyon yanitlarinin belirgin olarak azaldigi gozlenmistir.

Address for Correspondence: Prof. Asst. Ozlem ERTUGRUL, istanbul Medeniyet University Faculty of Health Sciences, Department of Audiology, istanbul, Tiirkiye
E-mail: ozlemertugrul70@gmail.com ORCID ID: orcid.org/0000-0002-0920-817X
Received: 14.04.2026 Accepted: 28.04.2026 Publication Date: 14.09.2026

Cite this article as: Ertugrul O, Ozbilen Acar G, Tiiysiiz 0, Varoglu AO. Effects of multiple sclerosis on the medial olivocholear system. Nam Kem Med |. 2026;14(3):307-313

@@@@ ©Copyright 2026 The Author(s). Published by Galenos Publishing House on behalf of the Tekirdag Namik Kemal University.
B _NC_ND This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

307


https://orcid.org/0000-0002-0920-817X
https://orcid.org/0000-0003-0447-0424
https://orcid.org/0000-0002-0965-1390

ERTUGRUL et al. Medial Olivocochlear System in Multiple Sclerosis

Nam Kem Med ] 2026;14(3):307-313

Sonug: Elde edilen bulgular, otoakustik emisyonlarin koklear fonksiyonlari yansittigi géz ontine alindiginda, MS hastalarinda disiik emisyon
yanitlarinin dis tiiyli hiicrelerin erken subklinik etkilenmesine bagl olabilecegini diisiindiirmektedir. Ozellikle 4000 Hz'de supresyon degerlerindeki
azalma, MOK sistemin etkilendigini ve MS'in isitsel efferent yollar tizerinde etkisi oldugunu gostermektedir.

Anahtar Kelimeler: Medioolivokoklear refleks, multipl skleroz, otoakustik emisyon, kontralateral supresyon, isitsel efferent sistem

INTRODUCTION

Multiple sclerosis (MS) is a chronic immune-mediated disorder
of the central nervous system, characterized by inflammatory
demyelination and axonal damage affecting the brain and
spinal cord™?. Demyelinating lesions are primarily located
in the cerebral white matter but may also involve cortical
regions, particularly subpial areas, as well as the spinal cord
and optic nerve?3. Clinically, MS presents with a wide spectrum
of neurological symptoms, including optic neuritis, diplopia,
ataxia, tremor, muscle weakness, and sensory deficits'.

In addition to these manifestations, demyelinating processes
may affect central auditory and vestibular pathways, leading
to auditory dysfunction and balance disturbances*. Lesions
involving the brainstem are of particular importance, as both
afferent and efferent components of the auditory system are
localized in this region. Previous studies have demonstrated
abnormalities in auditory brainstem responses (ABR) in
patients with MS, suggesting impaired neural conduction
within auditory pathways>.

Outer hair cells (OHCs), although primarily involved in afferent
auditory processing, also play a crucial role in efferent auditory
mechanisms. These functions are mediated by the medial
olivocochlear (MOC) system, which originates in the medial

superior olivary complex and projects predominantly to the
contralateral cochlea®. A schematic representation of the
MOC system is shown in Figure 1. Activation of this pathway
modulates cochlear amplification through hyperpolarization
of OHGs, thereby improving signal detection in noise and
protecting the auditory system from acoustic trauma’®.

The functional integrity of the MOC system can be assessed non-
invasively using otoacoustic emissions (OAEs) in conjunction
with contralateral acoustic stimulation. Specifically, suppression
of transient evoked OAEs (TEOAEs) by contralateral noise is
considered an indirect indicator of efferent auditory pathway
activity®. Stronger suppression responses have been associated
with improved speech perception in noisy environments,
highlighting the clinical relevance of this measure™.

Despite increasing evidence regarding auditory involvement in
MS, the effects of the disease on efferent auditory mechanisms,
particularly the MOC system, remain insufficiently understood.
Most previous studies have focused on afferent pathways,
while limited data are available on MOC reflex function and its
potential role in early or subclinical auditory dysfunction in MS.

Therefore, the present study aimed to investigate the integrity
of the MOC system in patients with MS using TEOAE-based
contralateral suppression measurements. Additionally, TEOAE

Left Right
Lateral || Medial | Superior Olivary | Medial || Lateral
(LOCS) (Mocs) Complex (MOcs) (LOCS)
Uncrossed OCB Uncrossed OCB
—
Crossed OCB Crossed OCB
Crossed OCB
Cochlea

OHC: Outer hair cell

IHC: Inner hair cell

MOCS: Medial olivocochlear system
LOCS: Lateral olivocochlear system
OCB: Olivocochlear bundle

Figure 1. Schematic representation of the medial and lateral olivocochlear pathways and their projections to the cochlea
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amplitudes and suppression values across multiple frequency
bands were compared between MS patients and healthy
controls to evaluate potential alterations in efferent auditory
function.

MATERIALS AND METHODS

A total of 30 MS patients, between the ages of 26-63, diagnosed
by the Department of Neurology at the at a tertiary care
university hospital were included as the study group, and 32
healthy individuals from the same age group who presented to
the Department of Otorhinolaryngology at the same hospital
were included in the study, which was conducted in the same
hospital Department of Audiology. Ethical approval for this
study was obtained from the istanbul Medeniyet University
Goztepe Training and Research Hospital Clinical Research
Ethics Committee (approval no: 2017/0332, date: 07.11.2017).
Since participation in the study was voluntary, an informed
consent form was signed by all volunteers in the study after
being informed by the evaluator. Otoscopic examination,
hearing test to evaluate peripheral hearing, and TEOAE test
was performed, and the MOC reflex was evaluated by applying
the contralateral suppression test. First of all, an otoscopic
examination was performed by an otorhinolaryngologist and
the plug in the outer ear canal was cleaned when necessary.
After this examination, individuals with a scar on the tympanic
membrane, acute or chronic otitis, any pathology in the
external ear canal and hearing loss were excluded from the
study. The following audiological evaluations were performed
on the participants who were examined.

Audiometric Tests

Audiological examinations were using the

Interacoustics AC40 (Denmark) device.

performed

Measurements were made at 250, 500, 1000, 2000, 4000, 6000,
8000 Hz in a sound-treated room meeting industrial acoustics
company standards.

Transient Evoked Otoacoustic Emission: TEOAE tests were
performed with Otometrics Madsen Capella (Denmark) in a quiet
room. Non-linear click stimuli were used at an intensity of 80+3
dB sound pressure level (SPL). Recordings were obtained across
frequency bands of 1, 1.5, 2, 3, and 4 kHz. Only responses with
reproducibility exceeding 65% and stimulus stability above 70%
were accepted. A total of 260 transient averages were collected
within a 20 ms analysis window. A signal-to-noise ratio (SNR) of
>3 dB SPL was considered indicative of a valid response.

Contralateral Suppression Test with TEOAE: TEOAE
measurements were performed in a quiet room. For
suppression evaluation, white noise at 70 dB SPL was
presented to the contralateral ear. Recordings were obtained

in two stages: without noise and with contralateral noise.
Suppression was calculated as the difference between baseline
OAE amplitudes and those measured during noise stimulation
across all frequency bands. A decrease in emission amplitude
in the noise condition was interpreted as the presence of the
suppression reflex. If there was no reduction in emission values
of more than 3dB between the thresholds with and without a
mask, the reflex was considered absent

Statistical Analysis

Statistical analysis was performed using SPSS (Statistical Package
for Social Sciences) for Windows version 21.0. Data distribution
was assessed for normality, and for normally distributed
variables, the independent samples t-test was applied, while
non-normally distributed variables were analyzed using the
Mann-Whitney U test. The chi-square test was used for categorical
variables, and Pearson correlation analysis was performed to
assess relationships between quantitative variables. A p-value
of <0.05 was considered statistically significant.

RESULTS

Thirty MS patients constituted the study group, while 32 healthy
individuals served as the control group. The mean age of the
MS patients is 40.8+7.4, and the mean age of the control group
is 37.4%7.6 (Table 1).

As a result of the audiometric examination, hearing was
obtained within normal limits in both MS patients and the
control group. The average hearing values of the MS patient
group and the control group for right and left ears are shown
in Table 2, and no statistically significant difference was found
between the two groups (p>0.05).

In this study, OAEs values in the right and left ears showed a
significant difference between MS patients and the control
group (p<0.05). OAE values in both ears were lower in the
MS group than in the control group. These results show that
the functions of OHCs in both ears are affected in MS patients
(Figure 2).

Table 1. Age and sex distribution of the study and control group

MS group (n=30) | Control group (n=32)
Age (years)
Mean £ SD 40.8t7.4 39.417.6
Min-max 26-63 24-61
Sex, n (%)
Male 26 (86.6%) 13 (40.6%)
Female 4 (13.4%) 19 (59.4%)
SD: Standard deviation, MS: Multiple sclerosis
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Table 2. Right and left ear multiple sclerosis and control group hearing thresholds and statistical comparison

Frequency (Hz) Left ear MS (dB) Left ear control (dB) | p-value Right ear MS (dB) | Right ear control (dB) | p-value
500 11.6 9.6 >0.05 1.3 10.3 >0.05
1000 9.5 8.3 >0.05 10.3 9.5 >0.05
2000 9.8 8.8 >0.05 10.6 9.6 >0.05
4000 9.8 12.5 >0.05 10.6 12.0 >0.05
8000 11.5 13.0 >0.05 12.1 13.6 >0.05
MS: Multiple sclerosis. No statistically significant differences were observed (p>0.05)

25

ROAE ROAE ROAE ROAE ROAE LOAE LOAE LOAE LOAE LOAE
1000* 1500* 2000* 3000* 4000%* 1000* 1500* 2000* 3000* 4000%*

EMS B CONTROL

Figure 2. Comparison of TEOAE measurement differences between MS and control

MS: Multiple sclerosis, TEOAE: Transient evoked otoacoustic emissions, ROAE: Right otoacoustic emission, LOAE: Left otoacoustic emission, MS: Multiple
sclerosis, *p<0.05 was considered statistically significant

2
1,5
1
0,5
0
-0,5 4
-1

Figure 3. Comparison of differences in measurement results of TEOAE and TEOAE with contralateral noise between MS and control
group in right and left ear

R: Right, L: Left, MS: Multiple sclerosis, TEOAE: Transient evoked otoacoustic emissions, *p<0.05 was considered statistically significant
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Evaluation of the MOC reflex using the contralateral suppression
test demonstrated a significant difference at 4000 Hz in both
ears when comparing the MS group with the control group
(p<0.05) (Figure 3).

A significant inverse correlation was found between the
Expanded Disability Status scale (EDSS) values indicating the
severity of MS disease and the MOC reflex being affected at
4000 Hz in the left ear. Accordingly, as the EDSS value increased,
the difference between TEOAE and contralateral suppression
measurements at a frequency of 4000 in the left ear decreased
(no suppression was observed) (p=0.033) (Table 3). According
to these results, it was found that the MOC reflex decreased as
the severity of the disease increased. In addition, a significant
inverse correlation was found between the duration of the
disease in the right ear and the involvement of the MOC reflex
in the right ear at 1000 Hz and 4000 Hz. These results showed
that as the duration of the disease increases, the MOC reflex
is negatively affected at 1000 Hz and 4000 Hz in the right ear
(p=0.038, p=0.010) (Table 3).

DISCUSSION

In the present study, we observed that patients with MS showed
reduced TEOAE amplitudes together with weaker contralateral
suppression responses, particularly at 4000 Hz. These findings
point to a possible involvement of both cochlear and efferent
auditory pathways, even in patients with clinically normal
hearing thresholds.

Previous research has suggested that auditory dysfunction in
MS may remain subclinical for a long period. For instance,
Di Mauro et al.” reported reduced OAEs amplitudes in newly
diagnosed patients without detectable brainstem involvement,
indicating that cochlear changes may occur early in the disease
process. In line with these findings, the decreased TEOAE
amplitudes in our study may reflect early OHC dysfunction.

Beyond cochlear involvement, our results also suggest an
alteration in efferent auditory function. We found that
suppression responses, especially at higher frequencies, were
reduced in MS patients. Since the MOC system originates from
the superior olivary complex in the brainstem, this finding may
indicate that demyelinating processes affect efferent pathways

at the brainstem level. This is not unexpected, as the brainstem
is known to be particularly vulnerable in MS*

Anotherimportant observation in our study was the relationship
between disease severity and MOC function. As EDSS scores
increased, suppression responses tended to decrease. A
similar pattern was also seen with longer disease duration.
Taken together, these findings suggest that efferent auditory
dysfunction may progress over time and may be related to the
overall disease burden. This highlights the potential of efferent
auditory measures as early biomarkers of neural involvement
in MS.

From a functional perspective, impairment of the MOC system
may have consequences beyond cochlear mechanics. The
efferent auditory system plays a role in improving speech
perception in noisy environments by enhancing the SNR'*'.
Therefore, even in the absence of measurable hearing
loss, patients with MS may experience difficulties in speech
understanding in daily listening situations.

Di Mauro et al.’? evaluated newly diagnosed relapsing MS
patients in remission with clinically normal hearing using
a comprehensive audiological battery. Although pure tone
audiometry and ABR findings were within normal limits,
both transient-evoked and distortion product OAE amplitudes
were significantly reduced at mid frequencies (1000-3000
Hz) compared to controls. These findings suggest subclinical
cochlear involvement in early-stage MS, even in the absence of
detectable brainstem pathology. In line with these results, the
reduced OAE amplitudes observed in our study further support
the presence of early peripheral auditory dysfunction and may
reflect early dysfunction of OHC electromotility and impaired
MOC efferent regulation. Accordingly, OAE measurements
appear to be a sensitive tool for detecting early auditory
involvement in MS patients'.

In addition, previous studies have emphasized that sudden
sensorineural hearing loss (SNHL) can occasionally be an
early manifestation of MS. Di Stadio et al.® conducted a
systematic review evaluating hearing loss characteristics in
MS patients using studies that included both audiological
assessments and magnetic resonance imaging findings. Their
results demonstrated that SNHL is more frequently observed

Table 3. Correlation of MOC reflex with disease duration and EDSS values

Parameter p-value Correlation coefficient (r)

EDSS-left ear (4000 Hz) 0.033" —0.455

Disease duration-right ear (1000 Hz) 0.010° 0.447

Disease duration-right ear (4000 Hz) 0.038" —0.394

r: Correlation coefficient, EDSS: Expanded Disability Status scale, MOC: Medial olivocochlear, *p<0.05 was considered statistically significant
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in the early stages of MS, whereas progressive SNHL tends
to occur in later stages. Lesions were often identified in the
brain or internal auditory canal in patients presenting with
sudden hearing loss, suggesting early involvement of auditory
pathways™. These findings support the notion that auditory
dysfunction may emerge before overt neurological progression.
In line with this, the reduced TEOAE amplitudes and altered
suppression responses observed in our study further indicate
that both cochlear and efferent auditory mechanisms may be
affected at early stages of the disease, even in the absence of
clinically evident hearing loss.

The reduced OAE amplitudes and the absence of contralateral
suppression at 4000 Hz observed in our study suggest
impairment of the MOC reflex pathways in MS. Demyelination,
a key pathological feature of MS, is known to disrupt neural
conduction and synaptic transmission, particularly within
central auditory structures such as the thalamocortical
network. This disruption may affect neuronal firing patterns
and auditory signal processing, contributing to subclinical
auditory dysfunction™. In our study, the association between
reduced suppression responses and higher EDSS scores further
supportsthe notion that efferent auditory pathway involvement
increases with disease severity. Moreover, previous studies have
shown that focal brainstem lesions, particularly those involving
the superior olivary complex, can impair binaural auditory
processing and sound localization abilities™. Taken together,
these findings indicate that both cochlear and central auditory
pathways, including efferent mechanisms, may be progressively
affected in MS, even in the absence of overt hearing loss.

Overall, our results suggest that MS is not limited to afferent
auditory dysfunction but also involves efferent regulatory
mechanisms, particularly the MOC system. Evaluating both
TEOAE amplitudes and contralateral suppression responses
may therefore provide useful information for detecting subtle
auditory changes in MS patients.

Study Limitations

This study has some limitations. The relatively small sample size
and the cross-sectional design restrict the generalizability of
the findings. In addition, longitudinal data were not available,
making it difficult to assess the progression of auditory
dysfunction over time. Future studies including larger cohorts
and follow-up assessments would help to clarify these issues.

CONCLUSION

In conclusion, our findings indicate that MS may affect both
cochlear function and efferent auditory pathways. Reduced
TEOAE amplitudes together with decreased suppression
responses suggest early involvement of the MOC system. These
changes may occur even in patients with normal hearing
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thresholds and may be associated with disease severity
and duration. These findings highlight the importance of
incorporating efferent auditory system assessment into the
clinical evaluation of MS patients, even in the absence of overt
hearing loss.

From a clinical perspective, the combined use of OAEs and
contralateral suppression testing may provide a practical and
non-invasive approach for identifying early auditory involvement
in MS. Further studies are needed to confirm these findings and
to better understand their potential role in clinical follow-up.
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The Relationship between Toilet Training Experiences and
Nocturnal Enuresis in Children Aged 6-15 Years

6-15 Yas Arasi Gocuklarda Tuvalet Egitimi Deneyimleri ile Nokturnal Entrezis Arasindaki
|liski
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ABSTRACT

Aim: This study aimed to determine the relationship between toilet training experiences and the development of primary monosymptomatic
nocturnal enuresis (PMNE) in children aged 6-15 years, and to evaluate the potential protective effect of child-oriented approaches.

Materials and Methods: This retrospective and analytical study included 357 children (165 with PMNE and 192 controls) who were admitted to the
Child Health Surveillance Outpatient Clinics of Tekirdag Namik Kemal University between January 2022 and March 2025 and had complete medical
records. Data were obtained through a retrospective review of patient files and follow-up records and were transferred into a structured data
collection form including demographic characteristics, toilet training history, and factors associated with enuresis. For statistical analysis, Student’s
t-test was used for continuous variables and the chi-square test for categorical variables. Multivariable logistic regression analysis was performed to
identify independent risk factors. Statistical significance was set at p<0.05.

Results: Children with enuresis started toilet training earlier (19.5+5.4 months) and were more frequently subjected to parent-directed methods
(p<0.001). The child-oriented approach showed an independent protective effect against PMNE [odds ratio (OR)=0.42; 95% confidence interval
(C1): 0.25-0.70; p<0.001], while starting toilet training before 18 months increased the risk (OR=1.89; 95% ClI: 1.10-3.27; p=0.021). Family history of
enuresis, constipation, and difficulty initiating sleep were also significantly associated with PMNE (p<0.05).

Conclusion: Supportive, developmentally appropriate, and non-punitive toilet training methods reduce the risk of PMNE, whereas early, coercive,
or parent-centered approaches increase it. These findings highlight the importance of addressing toilet training as a biopsychosocial process and
underscore the need for parental education in this context.

Keywords: Toilet training, nocturnal enuresis, child-oriented approach, parental attitude, child development

0z
Amagc: Bu calismada, 6-15 yas arasi cocuklarda tuvalet egitimi deneyimleri ile primer monosemptomatik nokturnal eniirezis (PMNE) gelisimi
arasindaki iliskinin belirlenmesi ve cocuk odaklr yaklasimlarin potansiyel koruyucu etkisinin degerlendirilmesi amaclandi.

Gereg ve Yontem: Bu retrospektif ve analitik calismaya, Ocak 2022-Mart 2025 tarihleri arasinda Tekirdag Namik Kemal Universitesi Cocuk Saglig
izlem Poliklinikleri’ne basvuran ve tibbi kayitlari eksiksiz olan 357 cocuk (165 PMNE'li ve 192 kontrol) dahil edildi. Veriler, hasta dosyalari ve takip
kayitlarinin retrospektif olarak incelenmesiyle elde edildi ve demografik 6zellikler, tuvalet egitimi oykist ve enirezis ile iliskili faktorleri iceren
yapilandirilmis bir veri toplama formuna aktarildi. istatistiksel analizde siirekli degiskenler icin Student t-testi, kategorik degiskenler igin ki-kare testi
kullanildi. Bagimsiz risk faktorlerini belirlemek amaciyla cok degiskenli lojistik regresyon analizi yapildi. istatistiksel anlamlilik diizeyi p<0,05 olarak
kabul edildi.
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Bulgular: Entrezisi olan ¢ocuklarin tuvalet egitimine daha erken basladigi (19,5%5,4 ay) ve ebeveyn yonlendirmeli yontemlere daha stk maruz kaldig
belirlendi (p<0,001). Cocuk odakli yaklasimin PMNE'ye karsi bagimsiz koruyucu etki gosterdigi [olasilik orani (OR)=0,42; %95 giiven araligi (GA): 0,25-
0,70; p<0,001], tuvalet egitimine 18 aydan 6nce baslanmasinin ise riski artirdigi saptandi (OR=1,89; %95 GA: 1,10-3,27; p=0,021). Ailede eniirezis
oykustu, kabizlik ve uykuya dalmada giicliik de PMNE ile anlamli diizeyde iliskili bulundu (p<0,05).

Sonug: Destekleyici, gelisimsel olarak uygun ve cezalandirici olmayan tuvalet egitimi yontemleri PMNE riskini azaltirken, erken, zorlayici veya ebeveyn
merkezli yaklasimlar riski artirmaktadir. Bu bulgular, tuvalet egitiminin biyopsikososyal bir stire¢ olarak ele alinmasinin 6nemini ortaya koymakta ve

bu baglamda ebeveyn egitiminin gerekliligini vurgulamaktadir.

Anahtar Kelimeler: Tuvalet egitimi, nokturnal entrezis, cocuk odakli yaklasim, ebeveyn tutumu, ¢ocuk gelisimi

INTRODUCTION

Toilet training represents a complex developmental transition
that extends beyond the acquisition of bladder and bowel
control. It involves the integration of neurological maturation,
cognitive awareness, emotional regulation, and the quality
of parent-child interaction. Although often perceived as a
routine milestone, the process varies widely depending on
cultural expectations, parental attitudes, and individual child
readiness. These variations may shape early voiding behaviors
and potentially influence later continence outcomes'.

When toilet training is initiated in alignment with a child’s
developmental signals and conducted in a supportive, non-
coercive manner, it may promote adaptive recognition of
bladder and bowel cues and facilitate healthy toileting habits.
In contrast, approaches characterized by premature initiation,
rigid scheduling, or punitive responses may generate stress
and negative toileting experiences. Such experiences have
been hypothesized to interfere with the child’s ability to
develop consistent voluntary control, possibly contributing to
subsequent urinary control difficulties??.

Nocturnal enuresis is defined as involuntary urinary
incontinence during sleep in children aged five years and
older. Primary monosymptomatic nocturnal enuresis (PMNE)
refers to bedwetting in the absence of daytime lower urinary
tract symptoms, anatomical abnormalities, or underlying
neurological conditions?. Although the prevalence of PMNE
declines with age, it remains a common pediatric concern
and is reported more frequently in boys. Beyond its clinical
presentation, PMNE may impose a substantial psychosocial
burden, affecting children’s self-esteem, emotional well-being,
and family dynamics®.

The pathophysiology of PMNE is considered multifaceted,
involving the interplay of genetic susceptibility, nocturnal urine
production, functional bladder capacity, arousal mechanisms
during sleep, and hormonal regulation. In addition to these
biologicalfactors,environmentaland behavioral influences have
gained increasing attention*®. Toilet training characteristics—
including the age at initiation, training approach, parental
responses, and the emotional context of the training process—
have therefore been proposed as modifiable factors that may

contribute to continence development. Potential mechanisms
include stress-induced alterations in voiding behavior, reduced
interoceptive awareness of bladder sensations, and the
establishment of maladaptive toileting patterns in response to
coercive practices’.

Contemporary pediatric guidance emphasizes the importance
of a child-oriented toilet training approach that respects
individual developmental readiness and discourages punitive
strategies®. However, despite these recommendations,
considerable heterogeneity persists in both parental practices
and research findings. Existing studies differ in their definitions
of toilet training methods, assessment tools, and cultural
contexts, limiting the comparability of results and the
generalizability of conclusions®.

In this context, the present study aimed to evaluate the
association between toilet training characteristics—specifically
the timing of initiation, training approach, parental attitudes,
and selected training-related experiences—and PMNE in
children aged 6-15 years. This age range allows assessment
beyond the expected period of continence acquisition and
provides an opportunity to examine long-term associations.
In addition, we sought to describe accompanying clinical and
familial factors relevant to routine pediatric follow-up and
preventive counseling.

MATERIALS AND METHODS
Study Design and Setting

This investigation was conducted using a retrospective
analytical cross-sectional design to evaluate the association
between toilet training practices and PMNE in school-aged
children.

The study was carried out at the Child Health Surveillance
Outpatient Clinics Tekirdag Namik Kemal University between
January 2022 and March 2025. Medical records of children
aged 615 years who attended routine pediatric follow-up visits
during the study period were retrospectively reviewed.

Selecting children within this age range allowed evaluation
beyond the expected age of physiological continence
acquisition.
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Study Population and Sample Size

The study population consisted of children aged 6-15 years with
complete medical records available in the hospital database
during the study period.

Sample size estimation was based on previously reported
prevalence rates of nocturnal enuresis, assuming a statistical
power of 80% and a two-sided significance level of 0.05.

A total of 357 children who met the eligibility criteria were
included in the final analysis.

e Children were excluded if they had:

* Neurodevelopmental delay

* Congenital or acquired urinary tract abnormalities

* Known neurological disorders

* Diabetes mellitus

* Chronic systemic disease

* Regular medication use that could affect bladder function

These criteria were applied to minimize confounding factors
influencing bladder control.
Group Classification

Participants were categorized retrospectively into two groups
based on documented clinical diagnosis and parental reports
recorded in medical files:

Enuresis Group (n=165)

Children fulfilling internationally accepted criteria for PMNE,
defined as recurrent involuntary urinary incontinence during
sleepin children aged five years or older, without accompanying
daytime lower urinary tract symptoms'®.

Control Group (n=192)

Age- and sex-comparable children with no current or previous
history of nocturnal enuresis according to medical records and
parental reporting.

Data Collection

Data were obtained retrospectively from two sources:

1. Electronic medical records

2. Structured parental information forms recorded during clinic
visits.

Where necessary, missing historical information regarding
toilet training was confirmed through standardized follow-up
phone interviews conducted by trained investigators.
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All data were anonymized prior to statistical analysis.

Study Variables

Data collection covered three principal domains.

Sociodemographic characteristics
* Child’s age and sex

* Number of siblings

* Parental education level

* Parental occupation

* Household income status

Toilet training characteristics
* Age at initiation of toilet training

* Predominant training approach (child-oriented vs. parent-
directed)

» Type of toileting equipment used (potty chair, toilet seat
adapter, footrest)

e Parental attitudes during training (supportive, neutral,
punitive)

* Duration of toilet training process

Factors potentially associated with PMNE

* Frequency of nocturnal bedwetting episodes

* Family history of enuresis

* Sleep characteristics (deep sleep, difficulty awakening)
* History of constipation

* Habitual fluid intake patterns

Classification of Toilet Training Approach

Toilet training approaches were retrospectively categorized
based on recorded parental descriptions regarding timing of
initiation, presence of developmental readiness cues (e.g.,
communication of toileting needs, expressed interest in toilet
use), and reported disciplinary strategies.

Training characterized by responsiveness to developmental
readiness and non-punitive guidance was classified as child-
oriented, whereas training primarily initiated according
to parental scheduling or involving coercive strategies was
classified as parent-directed.
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Validity Procedures

Questionnaire-based variables had previously been developed
following literature review and were assessed for content
validity by three pediatric specialists. Prior to implementation
in clinical practice, pilot testing had been conducted and
minor wording adjustments were made to enhance clarity
and reliability. Ethical approval was obtained from the Non-
Interventional Clinical Research Ethics Committee of Tekirdag
Namik Kemal University (approval no: 2026.17.01.17, date:
27.01.2026). Given the retrospective nature of the study, written
informed consent had been obtained during routine clinical
evaluations, and additional consent was secured when follow-
up contact was required. The study adhered to the principles of
the Declaration of Helsinki.

Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows (version 20.0). Normality of continuous variables
was assessed using the Kolmogorov-Smirnov test. Continuous
variables were expressed as mean + standard deviation or
median (minimum-maximum), while categorical variables
were summarized as frequencies and percentages.

Between-group comparisons were conducted using:

* Student’s t-test (normally distributed variables)

» Mann-Whitney U test (non-normal distribution)

* Chi-square or Fisher’s exact test (categorical variables)

To determine independent predictors of PMNE, a multivariable

logistic regression model was constructed. Model fit was
evaluated using the Hosmer-Lemeshow goodness-of-fit test.

Odds ratios (ORs) with 95% confidence intervals (Cls) were
calculated. A p-value <0.05 was considered statistically
significant.

RESULTS

Participant Characteristics

Atotal of 357 children were included in the analysis, comprising
165 children in the enuresis group and 192 children in the
control group. The mean age of the overall study population
was 9.2+2.7 years, with no statistically significant difference in
age distribution between the two groups (p>0.05) (Table 1).

Male participants constituted 57% of the total sample. The
proportion of boys was significantly higher in the enuresis
group compared with the control group (65.5% vs. 49.0%,
respectively; p=0.004) (Table 1).

No significant differences were observed between groups
with respect to socioeconomic variables, including parental
education level, household income status, or number of siblings
(all p>0.05). In both groups, the majority of participants were
from families with a middle socioeconomic background, and
parental education levels were predominantly high school or
above (Table 1).

Toilet Training Characteristics

Across the entire cohort, the mean age at initiation of toilet
training was 20.8+£5.9 months. Children in the enuresis
group began toilet training at a younger age than those in

Table 1. Demographic characteristics of the participants by study group

Enuresis group (n=165) Control group (n=192) Total (n=357) p-value
Age (years, mean * SD) 931238 9.1+2.6 9.2+2.7 >0.05
Sex
* Male, n (%) 108 (65.5) 94 (49.0) 202 (56.6) 0.004
« Female, n (%) 57 (34.5) 98 (51.0) 155 (43.4)
Socioeconomic status >0.05
* Low, n (%) 36 (21.8) 38(19.8) 74 (20.7)
 Middle, n (%) 104 (63.0) 122 (63.5) 226 (63.3)
« High, n (%) 25(15.2) 32(16.7) 57 (16.0)
Parental education level >0.05
* Primary school or below, n (%) 41 (24.8) 47 (24.5) 88 (24.6)
* High school, n (%) 79 (47.9) 89 (46.4) 168 (47.1)
* University or above, n (%) 45 (27.3) 56 (29.1) 101 (28.3)
Number of siblings (mean + SD) 1.8+0.9 1.7+0.8 1.8+0.8 >0.05
Data are presented as mean + SD or percentage (%). Statistical significance was defined as p<0.05, SD: Standard deviation

317



NALBANTOGLU et al. Toilet Training and Nocturnal Enuresis

Nam Kem Med ] 2026;14(3):314-322

the control group (19.5£5.4 months vs. 21.9+6.2 months;
p=0.018) (Table 2).

The age at achievement of daytime urinary continence did
not differ significantly between the enuresis and control
groups (26.3£8.1 months vs. 24.5£6.9 months; p=0.065). In
contrast, nighttime urinary continence was achieved at a later
age among children with enuresis compared with controls
(35.2+9.8 months vs. 32.4+8.7 months; p=0.041) (Table 2).

Child-oriented toilet training approaches were reported more
frequently in the control group than in the enuresis group
(76.6% vs. 56.4%; p<0.001). Conversely, parent-directed training
methods were more common among children with enuresis
(43.6% vs. 23.4%; p<0.001) (Table 2).

With respect to toileting equipment, the use of potty chairs did
not differ significantly between groups (61.2% in the enuresis
group vs. 68.8% in the control group; p=0.132). However,

toilet seat adapters or footrests were used more frequently in
the control group than in the enuresis group (35.9% vs. 23.0%;
p=0.012) (Table 2).

Association between Toilet Training Characteristics and
Nocturnal Enuresis

The prevalence of nocturnal enuresis varied significantly
according to toilet training approach. Among children trained
using a child-oriented approach, 38.8% had nocturnal enuresis,
whereas this proportion increased to 61.2% among those
trained using parent-directed methods (p<0.001) (Table 3).

In multivariable logistic regression analysis, child-oriented
toilet training was independently associated with a reduced
likelihood of nocturnal enuresis (OR=0.42; 95% Cl: 0.25-0.70;
p<0.001). Initiation of toilet training before 18 months of age
was independently associated with an increased likelihood of
enuresis (OR=1.89; 95% Cl: 1.10-3.27; p=0.021) (Table 3).

Table 2. Distribution of toilet training-related variables according to study group

Enuresis group Control group
p-value

(n=165) (n=192)
/ég-)e at initiation of toilet training (months, mean = 19.545.4 219462 0.018
Age at attainment of daytime continence (months, 26.3+8.1 24.546.9 0.065
mean + SD)
Age at attainment of nighttime continence (months, 352498 324487 0.041
mean + SD)
Child-oriented method, n (%) 93 (56.4) 147 (76.6) <0.001
Parent-directed method, n (%) 72 (43.6) 45 (23.4) <0.001
Use of potty chair, n (%) 101 (61.2) 132 (68.8) 0.132
Use of toilet seat adapter/footrest, n (%) 38(23.0) 69 (35.9) 0.012

Data are presented as mean + SD or percentage (%). Statistical significance was defined as p<0.05, SD: Standard deviation

Table 3. Multivariate logistic regression analysis of factors associated with nocturnal enuresis

B (B coefficient) OR 95% Cl p-value
Toilet training method
* Child-oriented method -0.87 0.42 0.25-0.70 <0.001
* Parent-directed method” — 1.00 (reference) — —
Age at initiation of toilet training
* <18 months 0.64 1.89 1.10-3.27 0.021
* >18 months™>" — 1.00 (reference) — —
Sex (Male) 0.48 1.61 1.02-2.55 0.039
Family history of enuresis (present) | 0.53 1.70 1.04-2.78 0.033
History of constipation (present) 0.29 1.34 0.79-2.26 0.028
zgg\(/)ee)conomic status (middleand | -, 0.80 0.48-133 0394

“Reference category, OR: Odds ratio, Cl: Confidence interval
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Table 4. Distribution of additional factors associated with enuresis

Enuresis group Control group
p-value
(n=165) (n=192)
Family history of enuresis, n (%) 79 (47.9) 47 (24.5) <0.001
History of constipation, n (%) 48 (29.1) 31(16.1) 0.012
Difficulty falling asleep, n (%) 37 (22.4) 24 (12.5) 0.039
Data are presented as percentages (%). Statistical significance was defined as p<0.05

Male sex (OR=1.61; 95% Cl: 1.02-2.55; p=0.039), a positive
family history of enuresis (OR=1.70; 95% Cl: 1.04-2.78;
p=0.033), and a history of constipation (OR=1.34; 95% Cl: 0.79-
2.26; p=0.028) were also identified as independent factors
associated with nocturnal enuresis. Socioeconomic status was
not independently associated with enuresis in the multivariable
model (Table 3, Figure 1).

Associated Clinical and Familial Factors

A family history of nocturnal enuresis was reported in nearly
half of the children in the enuresis group (47.9%), compared
with 24.5% of children in the control group (p<0.001) (Table 4).

Constipation was more frequently reported among children
with enuresis than among controls (29.1% vs. 16.1%; p=0.012).
In addition, difficulties initiating sleep were reported more
commonly in the enuresis group than in the control group
(22.4% vs. 12.5%; p=0.039) (Table 4).

DISCUSSION

Principal Findings

In this cross-sectional study evaluating children aged 6-15
years, we found that toilet training practices were significantly
associated with the presence of PMNE. Specifically, child-
oriented toilet training approaches were independently
associated with a lower likelihood of PMNE, whereas parent-
directed and early-initiated training practices were associated
with an increased likelihood". In addition, male sex, positive
family history of enuresis, and constipation were more
frequently observed among children with PMNE. These findings
underscore the multifactorial nature of nocturnal enuresis
and highlight the potential relevance of early-life behavioral
experiences in continence development',

Toilet Training Approach and PMNE

The observed association between child-oriented toilet training
and a reduced likelihood of PMNE aligns with previous studies
emphasizing the importance of developmental readiness and
supportive parental attitudes duringthe toilet training process™.
Rather than focusing solely on the timing of training initiation,
our findings suggest that how toilet training is conducted may
be more influential than when it is initiated. This observation is

Socioeconomic status (middle
and above)

History of constipation (present)

Family history of enuresis (present) |

Sex (Male)

<18 months |

i
i
Child-oriented method l E
!

0.0 0.5 1.0 1.5 2.0 25 3.0
OR:odds ratio

Figure 1. Logistic regression analysis of factors associated
with nocturnal enuresis

consistent with reports indicating that coercive or performance-
oriented parental approaches may introduce stress and anxiety
into toileting experiences, potentially interfering with adaptive
voiding behaviors™".

The child-oriented model, originally described by Brazelton,
emphasizes responsiveness to the child’s physiological and
psychological readiness cues. Such an approach may facilitate
the development of appropriate bladder awareness and
voluntary control by allowing children to internalize bodily
signals at their own pace'". In contrast, parent-directed
strategies may prioritize parental expectations over child
readiness, which could contribute to maladaptive toileting
behaviors or avoidance responses'. Although causal inference
cannot be established due to the study design, the independent
association observed in our multivariable analysis supports the
clinical relevance of training quality in relation to continence
outcomes.

Timing of Toilet Training and Developmental Readiness

In the present study, initiation of toilet training before 18
months of age was independently associated with an increased
likelihood of PMNE. Early initiation may precede sufficient
neurological maturation and cognitive readiness, limiting the
child’s capacity to consistently recognize and respond to bladder
fullness. This finding is consistent with studies suggesting that
premature training may be associated with later urinary control
difficulties’?.
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However, the literature regarding the optimal timing of toilet
training remains inconsistent. Some studies have reported no
adverse outcomes associated with early training, while others
have suggested potential associations with dysfunctional voiding
or delayed continence acquisition?'?2, These discrepancies likely
reflect differences in cultural norms, parental expectations,
and training methods across populations?. Taken together,
our findings support the notion that chronological age alone
is an insufficient determinant of successful toilet training and
that developmental readiness and training approach should be
considered jointly.

Familial and Clinical Factors

A positive family history of nocturnal enuresis was significantly
more common among children with PMNE in our cohort,
consistent with previous studies demonstrating a strong
familial component?*2, While genetic susceptibility is likely
to play a central role, shared environmental factors and
parental responses to toileting behaviors may also contribute
to this association. Children raised in households where
enuresis is normalized or managed with heightened anxiety
may experience different toileting dynamics that influence
continence outcomes?’.

Constipation was also more frequently reported among children
with PMNE. Although constipation did not emerge as a strong
independent predictor in the multivariable model, its higher
prevalence suggests a potential interaction within the broader
framework of bladder—bowel dysfunction?*#. Rectal distension
and altered pelvic floor dynamics may adversely affect bladder
function, while shared behavioral and sensory factors could
further complicate continence regulation®3",

Sleep-related difficulties, particularly problems initiating sleep,
were more common among children with PMNE*32, Altered sleep
patterns and increased arousal thresholds have been proposed
as contributing factors in nocturnal enuresis, potentially limiting
the child’s ability to awaken in response to bladder signals during
sleep. While causality cannot be determined, these findings
reinforce the importance of considering sleep characteristics in
the clinical evaluation of enuretic children.

Toileting Equipment and Environmental Factors

An interesting finding of this study was the higher use of toilet
seat adapters and footrests among children without PMNE?*34,
Ergonomic toileting equipment may enhance postural stability
and promote pelvic floor relaxation, facilitating effective
bladder emptying®3¢. Although this association should be
interpreted cautiously, as it may reflect broader parental
awareness rather than a direct causal effect, it highlights a
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potentially modifiable environmental factor that has received
limited attention in the existing literature. Future studies are
warranted to further explore the role of toileting ergonomics in
continence development.

Study Limitations

This study has several notable strengths. First, it was conducted
in a tertiary university hospital setting with a relatively large
sample size, enhancing the statistical power and reliability of
the findings. The inclusion of both clinical record review and
structured parental data allowed comprehensive assessment of
toilet training characteristics and factors associated with PMNE.

Second, strict exclusion criteria were applied to minimize
confounding conditionsthat could independently affect bladder
function, thereby increasing internal validity. Additionally,
the use of multivariable logistic regression analysis enabled
adjustment for potential confounders and identification of
variables independently associated with PMNE.

Third, the classification of toilet training approaches was bhased
on predefined developmental and behavioral criteria rather
than solely on timing, allowing a more nuanced evaluation of
training quality.

However, several limitations should be acknowledged. The
retrospective design inherently limits the ability to establish
causal relationships between toilet training practicesand PMNE.
Data regarding toilet training experiences were partly based on
parental recall, which may introduce recall bias, particularly
given the time interval between training and evaluation.

Furthermore, although efforts were made to verify missing data
through follow-up contact, when possible, some variables may
have been subject to incomplete documentation in medical
records. The study was conducted in a single-center tertiary
care institution, which may limit the generalizability of the
findings to different sociocultural or primary care settings.

Finally, unmeasured factors such as parental psychological
profiles, detailed parenting styles, and environmental stressors
were not systematically evaluated and may have influenced
continence outcomes.

Despite these limitations, the study provides clinically
meaningful insight into the association between toilet training
approaches and PMNE, highlighting the potential role of
developmental readiness and supportive parental strategies
in continence outcomes. Prospective longitudinal studies are
warranted to clarify temporal relationships and better establish
potential causal pathways between early toilet training
experiences and later bladder control outcomes.
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Clinical Implications

The findings of this study support a biopsychosocial perspective
on PMNE. Pediatric counseling regarding toilet training should
emphasize developmental readiness, supportive parental
attitudes, and avoidance of punitive practices. Addressing
coexisting factors such as constipation and sleep-related
difficulties may further improve continence outcomes.
Integrating guidance on ergonomic toileting environments into
routine pediatric care may represent an additional, low-risk
strategy to support healthy voiding habits.

CONCLUSION

The findings of this study indicate that toilet training practices
are meaningfully associated with the presence of PMNE in
children aged 6-15years. Child-oriented approaches that respect
developmental readiness and emphasize supportive parental
attitudes were associated with more favorable continence
outcomes, whereas early and parent-directed training practices
were linked to an increased likelihood of nocturnal enuresis.
These observations reinforce the concept that continence
development is shaped not only by biological maturation but
also by early behavioral experiences and the emotional context
in which toileting skills are acquired.

In addition to toilet training characteristics, familial
predisposition and coexisting factors such as constipation
and sleep-related difficulties were more frequently observed
among children with nocturnal enuresis, underscoring the
multifactorial nature of this condition. Taken together, these
findings support a holistic, biopsychosocial approach to the
evaluation and management of enuretic children.

From a clinical perspective, pediatric guidance on toilet
training should prioritize developmental readiness, avoid
punitive strategies, and encourage positive parent—child
interactions. Addressing accompanying bowel and sleep issues
and promoting appropriate toileting environments may further
support healthy voiding behaviors. Future longitudinal studies
are warranted to clarify causal pathways and to determine
whether early modifications in toilet training practices can
contribute to the prevention of nocturnal enuresis.
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Combination Medical Treatment for Difficult-to-manage Cushing’s
Disease: A Single Tertiary Pituitary Center’s Experience

Yonetimi Zor Cushing Hastaliginda Kombine Medikal Tedavi: Tek Merkez Uglincu Basamak
Hipofiz Merkezi Deneyimi

® Mehmet Umut CAPAR, ® Pinar KADIOGLU

istanbul University-Cerrahpasa, Cerrahpasa Faculty of Medicine, Department of Internal Medicine, Division of Endocrinology and Metabolic Diseases,
istanbul, Tiirkiye

ABSTRACT

Aim: The primary treatment for cushing’s disease (CD) is transsphenoidal surgery (TSS). However, in refractory cases where medical monotherapy
fails, combination therapy may enhance efficacy through synergistic mechanisms and reduce side effects by using lower drug doses. This study aimed
to evaluate the efficacy of mono- and combination therapies in difficult-to-manage patients with CD treated at our center.

Materials and Methods: This retrospective, single-center study included 55 patients with persistent CD treated between 2010 and 2025 with
monotherapy or combination therapy after TSS. Clinical and biochemical parameters were compared between pretreatment and the last follow-up
following mono- or combination therapy, and remission status was also assessed.

Results: Following TSS, all 55 patients received medical management [median duration of therapy: 21.0 (12.0-61.0) months]; therapy was initiated
postoperatively in 44 patients (80%), while the remaining 11 (20%) continued their preoperatively initiated treatment. At the last follow-up, 77.5%
of patients achieved remission. The most common regimens were pasireotide (30.9%), cabergoline + metyrapone (18.2%), and cabergoline +
ketoconazole (14.5%). Overall, cabergoline (67.3%) and pasireotide (58.2%) were the most frequently administered agents across all treatment periods.
Twenty-three patients (41.8%) required treatment changes, mostly due to lack of remission (23.6%). Medical therapy decreased baseline cortisol,
adrenocorticotropic hormone, urinary free cortisol, late-night salivary cortisol, and adenoma size, with a significant reduction in dexamethasone
suppression test (p=0.016). Monotherapy and combination therapy showed no significant differences in hormonal control, metabolic outcomes,
remission rates, or adverse events.

Conclusion: Our findings suggest that medical combination therapy is a feasible, safe, and effective treatment option for the long-term treatment of
(D in patients who could not achieve remission after TSS or who have persistent disease activity.

Keywords: Cushing’s disease, medical therapy, monotherapy, combination therapy, remission, hypercortisolism

0z
Amac: Cushing hastaliginin (CH) primer tedavisi transsfenoidal cerrahidir (TSS). Bununla birlikte, medikal monoterapinin basarisiz oldugu direncli
olgularda kombinasyon tedavisi, sinerjistik mekanizmalar yoluyla etkinligi artirabilir ve daha dustik ila¢ dozlarinin kullaniimasina olanak saglayarak
yan etkileri azaltabilir. Bu calismada, merkezimizde tedavi edilen ve yonetimi giic olan CH hastalarinda mono- ve kombinasyon tedavilerinin
etkinliginin degerlendirilmesi amaclandi.

Gerec ve Yontem: Bu retrospektif, tek merkezli calismaya, 2010-2025 yillari arasinda TSS sonrasinda persistan CH nedeniyle monoterapi veya
kombinasyon tedavisi uygulanan 55 hasta dahil edildi. Klinik ve biyokimyasal parametreler, mono- veya kombinasyon tedavisi oncesi ile son takip
arasinda karsilastirildi ve remisyon durumu da degerlendirildi.
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Bulgular: TSS sonrasinda 55 hastanin tamamina medikal tedavi uygulandi [medyan tedavi siiresi: 21,0 (12,0-61,0) ay]; 44 hastada (%80) tedavi
postoperatif donemde baslanirken, kalan 11 hasta (%20) preoperatif donemde baslanmis olan tedavilerine devam etti. Son takipte hastalarin
%77,5inde remisyon saglandi. En sik kullanilan tedavi rejimleri pasireotid (%30,9), kabergolin + metirapon (%18,2) ve kabergolin + ketokonazol
(%14,5) idi. Tum tedavi donemleri degerlendirildiginde en sik kullanilan ajanlar kabergolin (%67,3) ve pasireotid (%58,2) idi. Yirmi ti¢c hastada (%41,8)
tedavi degisikligi gerekti ve bunun en sik nedeni remisyon saglanamamasiydi (%23,6). Medikal tedavi baslangica kiyasla kortizol, adrenokortikotropik
hormon, idrar serbest kortizolii, gece gec saat tiikiiriik kortizolii ve adenom boyutunda azalma saglarken, deksametazon supresyon testinde anlamli
bir dists saptandi (p=0,016). Monoterapi ve kombinasyon tedavisi arasinda hormonal kontrol, metabolik sonuglar, remisyon oranlari veya advers
olaylar acisindan anlamli fark saptanmadi.

Sonug: Bulgularimiz, TSS sonrasinda remisyon saglanamayan veya persistan hastalik aktivitesi bulunan CH hastalarinin uzun donem tedavisinde

medikal kombinasyon tedavisinin uygulanabilir, giivenli ve etkili bir tedavi secenegi oldugunu gostermektedir.

Anahtar Kelimeler: Cushing hastaligi, medikal tedavi, monoterapi, kombinasyon tedavisi, remisyon, hiperkortizolizm

INTRODUCTION

Cushing’s syndrome is a clinical condition that arises due
to prolonged exposure of body tissues to excessive levels of
glucocorticoids, regardless of the underlying cause. The most
common endogenous etiology is an adrenocorticotropic
hormone (ACTH) secreting pituitary adenoma. The disease
predominantly affects women, with a female-to-male ratio
ranging from 3/1 to 5/1'. Although cushing’s disease (CD)
is statistically classified as a rare disorder, it represents a
clinical entity that is not actually uncommon?. The clinical
manifestations of Cushing’s syndrome are diverse and may
vary significantly among patients. Traditionally, the disease
is recognized by its distinct Cushingoid stigmata, which
encompass a wide range of severe metabolic, cardiovascular,
and neuropsychiatric comorbidities®. However, despite the well-
defined nature of these classic signs, the clinical presentation
of CD has evolved over the years. Contemporary patient profiles
may deviate from the historical descriptions, often displaying
a more variable phenotype rather than the classic symptoms.

Cushing syndrome can cause significant morbidity and
mortality; however, early diagnosis and effective treatment
can significantly improve outcomes. Therefore, comprehensive
assessment of the disease’s clinical features, diagnostic
challenges, and treatment strategies is crucial to optimize
patient management.

The primary treatment for CD is transsphenoidal surgery (TSS)".
However, surgical intervention alone may not always provide
definitive disease control. When performed by an experienced
neurosurgeon, remission can be achieved in approximately
80% of patients with microadenomas and 60% of those with
macroadenomas’. In cases where remission is not achieved
or disease recurrence occurs, secondary treatment options
include repeat surgery, medical therapy, radiotherapy, and
bilateral adrenalectomy (AX)°. Medical management plays an
important role in controlling hypercortisolism, particularly
in patients who are not suitable candidates for surgery or
in whom surgical and radiotherapeutic interventions have
failed. Available pharmacological options include adrenal
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steroidogenesis  inhibitors  (ketoconazole,  metyrapone,
mitotane, levoketoconazole, osilodrostat), dopamine agonists
(cabergoline), somatostatin receptor ligands (pasireotide), and
glucocorticoid receptor blocker (mifepristone)”®.

In certain patients, despite surgery and subsequent medical
monotherapy, remission cannot be achieved. In such cases,
combination medical therapy may be necessary to attain
adequate disease control. Although specific standardized
regimens for combination therapy have not been clearly
defined, this approach represents a valuable therapeutic
alternative, as no currently available single-agent treatment
achieves complete normalization of cortisol levels or full
reversal of hypercortisolism-related clinical manifestations and
comorbidities’. Combination therapy may enhance the overall
efficacy of individual drugs through synergistic mechanisms,
allowing the use of lower doses for each agent and potentially
reducing the risk of adverse effects’. In the present study,
we aimed to evaluate the effectiveness, remission rates,
and adverse effect profiles of medical monotherapy and
combination therapy in patients with CD treated at our center.

MATERIALS AND METHODS

This retrospective, single-center study was conducted at the
Pituitary Center of istanbul University-Cerrahpasa, Cerrahpasa
Faculty of Medicine, Department of Endocrinology and
Metabolic Diseases. Ethical approval was obtained by the
istanbul  University-Cerrahpasa Medical Research Ethics
Committee (approval number: E-83045809-604.01-909825,
date: 06.02.2024) and written informed consent was obtained
from all participants prior to inclusion in the study.

Participants

Patients’ data were scanned from the archives of the university
and the hospital’s electronic medical records between 2010
and 2025. The study included individuals aged 18 years or
older with a confirmed diagnosis of CD who had undergone
TSS but exhibited persistent disease requiring postoperative
medical management (monotherapy or combination therapy).
While some of these patients may have also received medical
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treatment prior to surgery to control severe hypercortisolism,
the primary inclusion criterion was the absolute necessity for
post-operative medical therapy due to unremitting disease.
Patients were excluded if they were pregnant, diagnosed with
non-pituitary (ectopic or adrenal) cushing’s syndrome, or if
they achieved remission solely with surgical intervention and
did not require any form of medical therapy during follow-
up (Figure 1). All participants were evaluated from baseline to
their last follow-up visit, and comparisons were made between
pre-treatment and last follow-up clinical and biochemical
parameters following mono or combination medical therapy.

Clinical Evaluation

The diagnosis of CD was made by evaluating clinical findings,
biochemical tests, and radiological imaging. Initially, a one mg
overnight dexamethasone suppression test (DST) was performed
to biochemically confirm hypercortisolism. Patients with DST
>1.8 mcg/dL underwent midnight serum cortisol levels x2,
24-hour urinary free cortisol x2 (UFC), and a late-night salivary
cortisol (LNSC) test. Abnormal results in at least two of these tests
were considered suggestive of hypercortisolism. To determinethe
cause of the endogenous cortisol excess, morning plasma ACTH
levels were measured. Pituitary-mediated CD was suspected
when ACTH levels were > 20 pg/mL. A high-dose DST and/
or, if possible, a corticotropin-releasing hormone stimulation
test were performed to confirm the diagnosis. Depending on
availability, 1.5T or 3T contrast-enhanced pituitary magnetic
resonance imaging (MRI) was used to determine the location
of pituitary adenomas. In cases where adenomas were not
detected on MRI or were suspected, bilateral inferior petrosal
sinus sampling was performed to assess the central/peripheral
ACTH gradient. Patients with pituitary ACTH excess detected
through these methods were considered to have CD.

Cushing’s Syndrome (n=491)
Excluded
- Adrenal CS
- Ectopic ACTH CS
- latrogenic CS

Exclusion criteria:

(Pregnancy - malignancy - death -
not receiving medical therapy -
not attending regular check-ups -
being followed up with first-line
medical monotherapy)

Cushing’s Disease (n=239)

Included Patients (n=55)

Monotherapy (n=20) Combination (n=35)

Biochemical Control Biochemical Control
%) (77%)

Figure 1. Flowchart of the study

CS: Cushing’s syndrome, ACTH: Adrenocorticotropic hormone

Clinical data were retrospectively extracted from medical
records at each follow-up visit. The parameters assessed both
prior to and following medical therapy included demographic
details, clinical characteristics, and history of surgical or
radiotherapeutic interventions. Treatment-specific data, such
asthe regimen type (monotherapy or combination therapy) and
treatment duration, were also recorded. Additionally, metabolic
indicators comprising glycated Hemoglobin Alc, fasting plasma
glucose (FPG), low-density lipoprotein (LDL) cholesterol LDL,
triglycerides, systolic and diastolic blood pressure were also
analyzed before the medical treatment and at the last follow-
up. Biochemical and hormonal assays were performed using
fasting blood samples obtained between 08:00 and 08:30 am
LNSCsamples were collected at 23:00 pm Hormonal parameters
were measured via electrochemiluminescence immunoassay
using the Cobas e801 platform (Roche Diagnostics GmbH,
Mannheim, Germany). The institutional normal reference
ranges for the evaluated biochemical parameters were as
follows: serum basal morning cortisol, (N: 6.2-19.4 pg/dL);
plasma ACTH, (N: 0-46 pg/mL); 24-hour UFC, (N: <140 mcg/
day); and LNSC, (N: <0.276 pg/dL). As per standard guidelines,
adequate suppression for the 1-mg overnight DST was defined
as a serum cortisol level <1.8 pg/dL.

Clinical improvement and biochemical disease control were
systematically documented. Systemic arterial hypertension was
defined according to current clinical practice guidelines as a
systolic blood pressure >140 mmHg and/or a diastolic pressure
>90 mmHg, orthe use of antihypertensive medication in patients
with a prior diagnosis of hypertension™. Hyperlipidemia HL was
diagnosed in individuals receiving lipid lowering therapy or
exhibiting LDL levels exceeding 130 mg/dL and/or triglyceride
levels above 200 mg/dL. The largest tumor size was determined
using MRI, and surgical interventions were classified as TSS or
TSS combined with AX. Patients who underwent radiotherapy
were stratified by technique into Gamma Knife and Cyber-Knife
subgroups.

Evaluation of Medical Treatment

Patients were categorized into two groups based on their entire
treatment history. The “Monotherapy” group (n=20), comprising
patients who received monotherapy throughout the study, and
the “Combination Therapy” group (n=35), comprising patients
who required more than one agent at any point during their
follow-up. The efficacy of medical therapy was assessed by
comparing serum cortisol, ACTH, UFC, DST, LNSC, adenoma
size, HbA1c, FPG, LDL and triglyceride levels before and after
treatment. Patients demonstrating biochemical improvement
were classified as achieving adequate biochemical control,
while those without improvement were defined as
uncontrolled. Adequate biochemical control was determined
based on UFC and, when available, LNSC levels. A UFC level
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less than 1.5 times the upper limit of normal and an LNSC
value within the reference range were considered indicative of
adequate biochemical control. All patients were also evaluated
for potential adverse effects of the medical therapy and for any
new symptoms related to CD.

In our cohort, all included patients were classified as having
persistent CD. Persistent CD was defined as the failure to achieve
clinical and adequate biochemical control following the initial
TSS, in accordance with established clinical practice guidelines®.
Regarding surgical interventions, all 55 patients underwent
TSS as the primary treatment; among them, 6 patients (10.9%)
required a repeat TSS due to unremitting disease, and 6 patients
(10.9%) eventually underwent bilateral AX. While all 55 patients
were included in the overall demographic and safety analyses,
15 patients were excluded from the final adequate biochemical
control calculation due to missing biochemical data at the
final visit. Consequently, the biochemical control analysis was
conducted on the remaining 40 patients.

Medical Treatment Protocol

Due to the retrospective and real-world nature of this study
spanning 15 years, medical treatment was highly individualized
rather than strictly standardized. However, our institutional
approach to combination therapy consistently followed a
stepwise, “add-on” strategy. When maximum tolerated doses of
first-line monotherapy failed to achieve biochemical remission,
or when dose escalation was precluded by adverse effects, a
second complementary agent with a different mechanism of
action was sequentially added to the regimen. The sequence
of drugs was determined primarily by the patient’s clinical
severity, metabolic comorbidities (e.g., hyperglycemia), and
national drug availability at the time.

The general posology for the most frequently used agents in our
cohort was as follows: cabergoline was typically initiated at 0.5-
1.0 mg/week and titrated up to a maximum of 3.0-4.5 mg/week.
Subcutaneous pasireotide was started at 0.6 mg twice daily and
increased up to 0.9 mg twice daily if tolerated. Metyrapone was
initiated at 500-750 mg/day and titrated up to a maximum of
2000-3000 mg/day based on cortisol levels. Ketoconazole was
generally started at 400 mg/day and increased up to 600-800
mg/day, with strict monitoring of liver function tests.

Statistical Analysis

Data analysis was conducted using SPSS 24.0 (SPSS, Inc, USA).
Descriptive statistics for categorical variables were presented as
frequencies and percentages, while continuous variables were
summarized using the mean, standard deviation, median,
minimum, and maximum values. To compare categorical
variables such as disease control, gender, and disease severity
(comparing biochemically controlled and uncontrolled groups),
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the chi-square (y?) test was applied. The normality of the
variables was assessed with the Shapiro-Wilk test. For continuous
variables with a normal distribution, paired sample t-tests
were used to compare values before and after treatment. For
non-normally distributed variables, the Wilcoxon signed ranks
test was employed. Furthermore, for comparisons between
the biochemically controlled and uncontrolled groups, the
independent sample t-test was used for normally distributed
parameters, while the Mann-Whitney U test was applied
for those with non-normal distributions. In the correlation
analysis, Pearson’s correlation coefficient was used for normally
distributed data, while Spearman’s correlation coefficient was
used for non-normally distributed data. Statistical significance
was considered at p<0.05 with a 95% confidence level. Given
the exploratory nature of this study and the large number of
comparisons, we did not adjust for multiple testing; results
should be interpreted as hypothesis-generating and p-values
are nominal. Confirmation in independent cohorts is required.

RESULTS

Thestudyincluded atotal of 55 patients with difficult-to-manage
pituitary CD. Of these, 45 (81.8%) were female and 10 (18.2%)
were male, with a mean age of 39.63%+13.65 years. The median
duration of medical therapy was 21.0 (12.0-61.0) months. The
median pretreatment UFC and LNSC levels were 162.45 (96.12-
346.50) mcg/day and 0.47 (0.09-5.00) pg/dL, respectively. The
median adenoma size on initial MRI was 8.0 (4.50-13.0) mm.
General baseline characteristics are summarized in Table 1. All
55 patients underwent TSS and received medical management;
therapy was initiated in the postoperative period for 44 patients
(80%), while the remaining 11 patients (20%) continued their
preoperatively initiated treatment (Table 1).

The most common reason for switching therapy was lack of
remission in 13 (23.6%) patients (Figure 2). When the treatments
received by the patients in different time periods were evaluated
collectively, it was seen that a total of 37 (67.3%) patients were
treated with cabergoline, 32 (58.2%) patients were treated with
pasireotide and 18 (32.7%) patients received metyrapone (Table 1).

Regarding treatment patterns, 20 patients (36.4%) were treated
exclusively with monotherapy, while 35 patients (63.6%)
required combination therapy at some point during the
study. At the last follow-up visit, although 35 patients had a
history of combination therapy, 7 of these patients had been
successfully tapered back to a single agent after achieving
biochemical control. Consequently, at the final visit, 27 patients
were receiving monotherapy and 28 were on combination
therapy, as detailed in Table 2. At the last follow-up, among
the 40 patients eligible for final efficacy evaluation, 31 (77.5%)
achieved adequate biochemical control. Pasireotide emerged
as the most frequently used monotherapy agent (n=17; 30.9%).
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Table 1. Characteristics of patients

n (%), 30, 2% 2%2%
mean * SD or
median (IQR)

Sex, female 45 (81.80)

Age (years) 39.63+13.65

Treatment duration (month) 21 (12-61)

Biochemical control (n=40) 31 (77.50)

Diabetes mellitus 11 (20.00)

Hyperlipidemia 17 (30.90)

. = No change = No remission
HypertenSI()n 25 (4545) = No remission + Side effects = No remission + Medicine not available
Treatment modalities = Side cﬂ‘c«?ls - = Medicine not available

= Post-op side effects
TSS 55 (100)
TSS + radiotherapy 18 (32.7) ' ‘
Capining [ 13 (23.6) Figure 2. Reasons for changing medical treatment
Cyber-knife 5(9.1)
TSS + AX 6(10.9 . . .
< TER— (109) Table 2. Medical treatments used in the last visit
TSS + multiple medical treatment
modifications 23418 n (%)
Initiation of medical treatment 1000 Monotherapy
Pre-op (20.0 Pasireotide 17 (30.9)
44 (0.0 ;
Post-op Cabergoline 3(5.5)
Total patients’ number of drugs use in time of Ketoconazole 3(5.5)
periods Metyrapone 3(5.5)
Cab~ergo!|ne 37(67.3) Fluconazole 1(1.8)
Pasireot -
RIS 32(58.2) Combination therapy
Ketoconazole 19 (34.5) ;
Cabergoline + metyrapone 10 (18.2)
Metyrapone 18 (32.7) -
el 101.8) Cabergoline + ketoconazole 8(14.5)
SD: Standard deviation, IQR: Interquartile range, TSS: Transsphenoidal surgery, AX: Cabergoline + pasireotide 4(73)
Adrenalectomy, Pre-op: Pre-operative, post-op: Post-operative Pasireotide + ketoconazole 2(3.6)
Cabergoline + pasireotide + metyrapone 2(3.6)
Among combination therapies, the most commonly preferred Cabergoline + metyrapone + ketoconazole 2(3.6)

regimen was cabergoline + metyrapone (n=10; 18.2%) (Table
2).

In the overall cohort, while medical therapy led to observable
reductions in basal cortisol, ACTH, UFC, LNSC, and adenoma
size, these trends did not achieve statistical significance (p>0.05
for all). Conversely, a marked and statistically significant
reduction was observed in DST values from baseline to the last
follow-up [5.80 (3.17-13.00) vs. 2.83 (1.80-7.4), p=0.016] (Figure
3, Table 3). In contrast, metabolic parameters (FPG, HbA1c,
LDL, triglyceride) showed clinical stability with no significant
variations observed.

When stratified by adequate biochemical control status, patients
in the biochemically controlled and uncontrolled groups
displayed comparable biochemical profiles prior to treatment,
with no statistical differences observed at baseline. However,
at the last follow-up, a pronounced divergence was evident.

The biochemically controlled group demonstrated significantly
lower serum basal cortisol (p=0.02), UFC (p<0.001), and LNSC
levels (p=0.002) compared to the uncontrolled group (Table 4).

To evaluate treatment modalities, the cohort was divided into
monotherapy and combination therapy subgroups. The groups
were found to be comparable in demographic characteristics
and treatment duration. The analysis yielded no statistically
significant differences between the two therapeutic approaches
intermsof hormonal efficacy, metabolicendpoints, biochemical
control rates, or safety profiles (Table 5).

DISCUSSION

In this study, we examined the management strategies, medical
treatment approaches, treatment combinations, medication
related adverse effects and clinical outcomes of patients
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diagnosed with pituitary CD which are difficult to manage
and followed in our tertiary care center. We observed that
combination medical therapies were required in the majority
of patients, the rate of adverse effects leading to treatment
discontinuation was low and biochemical control could be
achieved even in difficult-to-manage cases when individualized
combination therapy was implemented.

(D is known to occur predominantly in women'. Although
the female-to-male ratio is commonly reported around
3:1, some studies have noted ratios as high as 4:1, 5:1, or
even 8:1'>" Consistent with the literature, our cohort also
demonstrated a female predominance, with a female-to-male
ratio of approximately 4:1. Most patients with CD present
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Figure 3. Comparison of patients’ pre-treatment and last
follow-up laboratory findings

ACTH: Adrenocorticotropic hormone, UFC: Urinary free cortisol, LNSC:
Late-night salivary cortisol DST: Dexamethasone suppression test,
FPG: Fasting plasma glucose, HbATc: Hemoglobin LDL: Low-density
lipoprotein

with microadenomas. Neurosurgical series have reported
that microadenomas constitute 75% to 90% of all pituitary
tumors in CD™. Similarly, in our study, 50 patients (90.09%)
had microadenomas. The slightly higher percentage in our
cohort may be related to earlier referral to specialized centers,
improved MRI resolution, or selection bias inherent to tertiary
referral centers, as patients with smaller tumors who fail initial
management are more likely to be referred for advanced
treatment and follow-up.

CD is associated with various metabolic comorbidities, including
diabetes mellitus (DM), hypertension, and hyperlipidemia.
In our study, one in five patients had diabetes, nearly half
had hypertension, and approximately one in three had
hyperlipidemia. Reported prevalence rates in the literature
vary depending on diagnostic criteria and disease stage. When
only the diagnosis of diabetes is considered, DM is present
in approximately 20-45% of patients”. Hyperlipidemia has
been reported within a broad range, from 12% to 72%, and
hypertension in 49-78% of patients; moreover, hypertension
may persist in up to 50% of cases even after remission'". In
this context, metabolic comorbidity rates in our cohort were
comparable to those reported in the literature. Differences
between studies may be explained by variations in disease
severity at presentation, duration of hypercortisolism prior to
diagnosis, and heterogeneity in comorbidity definitions.

Remission rates in CD are influenced by several factors,
including adenoma size and localization, type of intervention,
surgical expertise, and management strategies used at high-
volume centers. In patients undergoing first-line TSS, remission
rates are approximately 80% in microadenomas and 60% in
macroadenomas’. In cases where remission is not achieved
with TSS, remission rates of around 75% may be obtained
with postoperative medical therapy, and 64-80% remission

Table 3. Changes in laboratory parameters in patients receiving medical treatment for cushing’s disease

Pretreatment Last follow-up Difference” p value
Mean * SD or median (IQR)
Baseline cortisol (ug/dL) 16.07 (12.39-20.04) 14.10 (10.65-18.25) -1.97 0.420
ACTH (pg/mL) 44.61 (24.64-67.22) 37.38 (24.22-61.21) -7.23 0.216
UFC (mcg/day) 162.45 (96.12-346.50) 104.00 (68.85-191.01) -58.45 0.249
LNSC (ng/dL) 0.47 (0.09-5.00) 0.13 (0.09-0.58) -0.34 0.272
1 mg DST (ng/dL) 5.80 (3.17-13.00) 2.83 (1.80-7.44) -2.97 0.016
The adenoma size in the pituitary MRl (mm) 8.00 (4.50-13.00) 6.00 (5.00-18.25) -2.00 0.202
FPG (mg/dL) 89.50 (80.25-111.75) 90.00 (82.00-111.00) +0.50 0.610
HbA1c (%) 5.70 (5.40-6.50) 5.70 (5.20-6.80) 0.00 0.353
LDL (mg/dL) 126.17£38.40 117.03£37.63 -9.14 0.340
Triglyceride (mg/dL) 158.41+£70.43 139.57£68.54 -18.84 0.286
“Difference values represent median differences, except for LDL and triglyceride where mean differences are presented
ACTH: Adrenocorticotropic hormone, UFC: Urinary free cortisol, LNSC: Late-night salivary cortisol, DST: Dexamethasone suppression test, MRI: Magnetic resonance imaging. FPG:
Fasting plasma glucose, LDL: Low-density lipoprotein, SD: Standard deviation, IQR: Interquartile range, HbA1c: Glycated hemoglobin
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may be achieved with radiotherapy in patients who remain
uncontrolled or experience recurrence®?'. In our study, all
patients underwent TSS as the initial intervention, but the
cohort consisted entirely of individuals who did not achieve
remission after surgery and were therefore more challenging to
manage. All received mono- or combination medical therapy,
and a subset also underwent radiotherapy (32.7%). Despite the
complexity of this population, 77.5% of our patients achieved
biochemical control during follow-up, a rate consistent with the
literature on multimodal and sequential treatment strategies.
The comparable biochemical control rate, despite the inclusion
of more refractory patients, may reflect individualized
combination therapy, early treatment escalation, and close
clinical monitoring in a tertiary referral center.

TSS is the first-line treatment for CD; however, medical therapy
with or without radiotherapy is recommended for persistent
or recurrent cases. In a real-world study by Broder et al.??
using large US national datasets, 78.9% of patients underwent
initial TSS, while 8.3% received radiotherapy and 7.8% required
medical therapy during follow-up. Similarly, Giustina et al.?°
evaluated patients across nine international Pituitary Tumor

Centers of Excellence. They reported a median medical therapy
utilization rate of 13.3% (4.8-82.9%). In their cohort, the most
frequently prescribed agents were ketoconazole (26.5%),
metyrapone (17.2%), pasireotide (9.3%), cabergoline (2.8%), and
osilodrostat (1.7%). In our study, medication preference patterns
differed notably from these international cohorts. Throughout
the follow-up period, cabergoline (67.3%) and pasireotide
(58.2%) were the most frequently used agents. This variation
is likely driven by several local factors, including restricted
access to specific medications, variable insurance coverage,
and fluctuating drug availability over time. Additionally, our
patients received different agents across various treatment
phases. This highlights the necessity for individualized therapy
and stepwise treatment escalation in difficult-to-manage cases.

Preoperative medical therapy may be used in selected patients
before TSS. Thisapproach helps manage severe hypercortisolism
and  associated  comorbidities  (e.g.,  hyperglycemia,
hypertension, infection, and thromboembolism risks) prior to
surgery. Furthermore, it serves as a “bridge” treatment when
surgery is delayed due to required stabilization, preoperative
risk reduction, or logistical issues®?. However, routine

Table 4. Clinical and laboratory characteristics of the biochemically controlled versus uncontrolled patients

Biochemically controlled Uncontrolled

(n=31) (n=9) p-value

n (%), mean = SD or median [IQR]
Sex, female 23 (74.2) 7(77.8) 0.601
Age, years 40.87£13.88 31£12.35 0.059
Treatment duration, month 42.29+38.26 32.33+32.30 0.448
Combination therapy 17 (54.8) 5 (55.6) 0.636
Pretreatment baseline cortisol (ug/dL) 15.05 (11.64-19.39) 19.31 (13.06-22.49) 0.215
Pretreatment ACTH (pg/mL) 58.24 (22.73-67.88) 61.30 (23.25-64.70) 0.849
Pretreatment UFC (mcg/day) 168.91 (100-371) 186 (92-340) 0.858
Pretreatment salivary cortisol (ug/dL) 0.35(0.12-1.01) 3.60 (0.06-7.12) 0.878
Last follow-up baseline cortisol (ug/dL) 13.60 (9-16.60) 18.40 (11.80-31.09) 0.002
Last follow-up ACTH (pg/mL) 36.7 (24.16-53) 55.5 (23.9-130.37) 0.249
Last follow-up UFC (mcg/day) 92.75 (55.10-111.25) 381.90 (246.91-778.4) <0.001
Last follow-up salivary cortisol (ug/dL) 0.11 (0.08-0.23) 4.38 (1.24-4.80) 0.002
The adenoma size in the initial pituitary MRl (mm) 10 (4.25-14) 6.75 (3.35-7.75) 0.368
Pretreatment FPG (mg/dL) 89.5 (81.75-127.5) 78.5 (67.75-105.5) 0.096
Pretreatment HbA1c (%) 5.8 (5.47-6.57) 5.9 (5.0-6.3) 0.409
Pretreatment LDL (mg/dL) 128.00+37.06 132.574+39.73 0.790
Pretreatment triglyceride (mg/dL) 164.36+76.53 155.14+44.74 0.691
Last follow-up FPG (mg/dL) 86 (82-120) 101 (78-107.5) 1.000
Last follow-up HbA1c (%) 5.8 (5.6-7.3) 5.3 (5.1-6.5) 0.257
Last follow-up LDL (mg/dL) 121.50+37.68 111.56+33.14 0.465
Last triglyceride (mg/dL) 140.56+58.91 148.00+£90.59 0.823
SD: Standard deviation, IQR: Interquartile range, MRI: Magnetic resonance imaging, ACTH: Adrenocorticotropic hormone, UFC: Urinary free cortiso, LNSC: Late-night salivary
cortisol, DST: Dexamethasone suppression test, FPG: Fasting plasma glucose, HbA1c: Glycated hemoglobin, LDL: Low-density lipoprotein
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use of preoperative medical treatment is not supported by
strong evidence; therefore, it should be reserved for selected
cases. Notably, this preoperative intervention may suppress
cortisol levels, thereby complicating the assessment of early
postoperative remission. In a study by Valassi et al.? utilizing
data from the European Register on Cushing’s Syndrome
(ERCUSYN), preoperative medical treatment was administered
to approximately 20% of patients. Among these, ketoconazole
was used in 62%, metyrapone in 16%, and their combination in
12%. Consistent with the ERCUSYN cohort, 20% of the patients
in our study also required the initiation of preoperative medical
treatment for similar clinical reasons.

Although medical therapy is an important option in patients
with persistent or recurrent CD, combination regimens,
despite being used less frequently, may provide an effective
therapeutic alternative. Combination medical treatment can be
preferred in patients with persistent hypercortisolism who fail
to achieve remission after surgery, as a bridge therapy during
the interval before radiotherapy becomes effective, in cases
where monotherapy is insufficient, or to reduce adverse effects
by using lower doses of each drug while achieving synergistic
efficacy through different mechanisms of action*>7.2,

A meta-analysis by Broersen et al.?’, involving 1520 patients
from 35 studies, reported a cortisol normalization rate of

Table 5. Clinical and laboratory characteristics of patients received monotherapy and combination therapy

Monotherapy (n=20) Combination (n=35) p-value
n (%), mean = SD or median (IQR)

Sex, female 14 (70.00) 31 (88.60) 0.144
Age 38.15£16.20 40.50£12.08 0.577
Treatment duration 19.50 (11.25-42.75) 23.00 (13.00-71.50) 0.446
Radiothetapy 8 (40.00) 10 (28.57) 0.397
Biochemical control (n=40) 14 (77.77) 17 (77.27) 1.0
Side effects (n=45) 2(10.52) 7(26.92) 0.264
Diabetes mellitus 3(15) 8(22.9) 0.281
Hyperlipidemia 4 (20) 13 (37.1) 0.148
Hypertension 7 (35) 18 (51.4) 0.224
The adenoma size in the initial pituitary MRI (mm) 6.501+3.10 9.75%+5.56 0.303
Pretreatment

Baseline cortisol (ug/dL) 17.42 (11.50-20.02) 14.04 (12.66-20.08) 0.916
ACTH (pg/mL) 42.78 (31.30-68.99) 47.05 (20.25-67.66) 0.859
UFC (mcg/day) 226.57 (104.24-725.00) 129.30 (70.25-281.00) 0.162
LNSC (ng/dL) 0.47 (0.09-5.00) 0.36 (0.10-5.58) 0.902
1 mg DST (ug/dL) 8.46 (3.20-12.50) 4.97 (3.08-14.80) 0.772
FPG (mg/dL) 84.00 (75.50-97.50) 96.50 (84.00-130.50) 0.084
HbA1C (%) 5.65 (5.37-6.15) 5.90 (5.40-6.50) 0.493
LDL (mg/dL) 124.00+37.43 127.62+39.88 0.789
Triglyceride (mg/dL) 133.71£56.02 175.70+75.52 0.087
Last follow-up

Baseline cortisol (ug/dL) 15.01 (11.25-18.45) 13.60 (9.00-18.40) 0.520
ACTH (pg/mL) 37.38 (24.55-47.35) 42.15 (20.70-70.96) 0.849
UFC (mcg/day) 109.00 (68.85-205.00) 100.10 (62.80-191.02) 0.892
LNSC (ng/dL) 0.10 (0.09-0.57) 0.14 (0.11-1.88) 0.332
1 mg DST (ug/dL) 4.12 (2.47-7.79) 2.05(1.39-6.83) 0.164
FPG (mg/dL) 90.00 (82.00-102.00) 91.00 (81.75-141.25) 0.593
HbATc (%) 5.80 (5.60-6.10) 5.65 (5.10-7.45) 0.681
LDL (mg/dL) 107.36+22.10 123.18+44.22 0.164
Triglyceride (mg/dL) 135.43+74.61 142.33+65.93 0.775

SD: Standard deviation, IQR: Interquartile range, MRI: Magnetic resonance imaging, ACTH: Adrenocorticotropic hormone, UFC: Urinary free cortisol, LNSC: Late-night salivary

cortisol, DST: Dexamethasone suppression test, FPG: Fasting plasma glucose, HbA1c: Glycated hemoglobin, LDL: Low-density lipoprotein
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49.4% with monotherapy. Notably, this rate increased to
65.7% in patients receiving combination therapy (=2 agents).
Regarding safety, the same study reported mild side effects in
24% of patients using cabergoline, 30.8% with metyrapone,
and 58.3% with pasireotide. Interestingly, the incidence
of mild side effects decreased to 18% in patients receiving
combination therapy. However, serious side effects were
observed in 20.9% of patients treated with multiple (=2
agents) medications?. The literature indicates that combining
ketoconazole with metyrapone or using a steroidogenesis
inhibitor together with a tumor-targeted agent, may be
beneficial due to complementary mechanisms that enhance
adrenal steroid blockade or allow lower individual drug
doses. Triple combinations such as cabergoline—pasireotide—
ketoconazole or metyrapone—ketoconazole—mitotane have
also been described; however, monitoring is advised due to
the potential risk of QTc prolongation and hepatotoxicity?®%.
Feelders et al** added cabergoline to patients who failed to
achieve UFC normalization after starting pasireotide therapy
and compared the two groups. At follow-up, the mean UFC
normalization was 50% (17 monotherapy, 17 combination), and
the remission rate was similar in the two arms (50% each). In
a study combining pasireotide, cabergoline, and ketoconazole
treatments in 17 CD patients, the combination treatment
resulted in UFC normalization in 15 (88.2%) patients, and
clinical improvement was observed with reductions in body
weight, waist circumference, and blood pressure®. Differences
in response rates among studies may be related to variations
in patient selection (treatment-naive vs. refractory cases),
treatment sequencing, disease severity, and drug availability.

In our study, six different combination regimens were used at
the last follow-up visit. The most commonly used combination
was cabergoline + metyrapone, whereas pasireotide was the
most frequently used monotherapy. At the last follow-up,
adequate biochemical control was observed in approximately
77% of patients in both monotherapy and combination
therapy groups, with no significant difference between them.
However, basal cortisol, UFC, and one mg overnight DST levels
were lower in the combination therapy group, suggesting
that individualized combination therapy may provide better
biochemical control than dose escalation of a single agent,
particularly in more severe or refractory disease. Although
treatment combinations changed during follow-up, major
adverse effects were not observed. The most frequently
reported side effects were nausea, diarrhea, and mild fasting
blood glucose elevations, none of which required treatment
discontinuation or regimen modification. The low side-effect
rate in our cohort may be attributed to the stepwise escalation
of therapy, use of lower doses in combination regimens, and
close monitoring during follow-up.

Study Limitations

There are several limitations to our study. First, the sample size
was relatively small, which limited the ability to compare the
superiority of specificcombination treatment regimens. Second,
the retrospective nature of the study may have introduced
selection and information bias. Third, difficulties in accessing
certain medications during the study period sometimes
prevented continuation of treatment according to the planned
protocol or maintaining follow-up for the desired duration.
Fourth, the retrospective chart-review design over a 15-year
period resulted in missing granular data regarding the exact
grading and precise quantitative severity of some drug-related
adverse events. Finally, the inclusion of a heterogeneous patient
profile, with a subset of individuals undergoing concurrent
adjuvant treatments such as radiotherapy or subsequent
bilateral AX, introduces potential confounding factors that
may complicate the isolated assessment of medical treatment
efficacy. For these reasons, prospective studies with larger
patient populations and standardized treatment protocols are
required to better evaluate combination treatment strategies.

CONCLUSION

Our findings indicate that while combination medical therapy
does not demonstrate statistical superiority over monotherapy
in our cohort, it represents a viable, comparable, and safe
therapeutic alternative for patients with CD who do not achieve
remission after TSS. Rather than a first-line medical approach,
combination therapy provides a crucial step-up strategy when
monotherapy fails or is limited by dose-dependent side effects,
offering meaningful biochemical control without significantly
increasing the rate of adverse events. This individualized
approach facilitates effective disease management and may
help reduce medication-related side effects. The success of
combination therapy is further supported by close follow-up and
multidisciplinary decision-making, which play a critical role in
optimizing treatment outcomes and preventing complications.
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Relationships between Balance, Gait, and Falls in Dementia
Subtypes: A Comprehensive Geriatric Assessment Study

Demans Alt Tiplerinde Denge, Yr(yis ve Dusmeler Arasindaki iliskiler: Bir Ayrintili Geriatrik
Degerlendirme Galismasi

® Feyza MUTLAY', @ Fatma Sena DOST2, ® Derya KAYAZ, ® Ahmet Turan ISIK2

1Canakkale Onsekiz Mart University Faculty of Medicine, Department of Geriatric Medicine, Canakkale, Tiirkiye
2Dokuz Eyliil University Faculty of Medicine, Department of Geriatric Medicine, izmir, Tiirkiye

ABSTRACT
Aim: We aimed to examine the relationship between balance, gait, and falls across the most common dementia subtypes.

Materials and Methods: A total of 260 older adults diagnosed with Alzheimer’s disease (AD), dementia with lewy bodies (DLB), behavioral variant
frontotemporal dementia, and normal pressure hydrocephalus (NPH), along with 338 cognitively healthy controls, were included in this retrospective,
cross-sectional study. Comprehensive geriatric assessment results, including comorbidities, medications, balance-gait analysis, and neurocognitive
testing, were compared.

Results: Statistical differences were observed between controls and dementia subtypes in sex, comorbidity burden, obesity, nutritional status, frailty,
sarcopenia, slow walking speed, balance, postural instability (P1), falls, and use of walking assistive devices. DLB diagnosis was associated with falls,
PI, and slow walking speed [odds ratio (OR): 4.67, 95% confidence interval (Cl): 1.37-15.92; p=0.014; OR: 7.38, 95% Cl: 1.67-32.50; p=0.008; and OR:
5.99, 95% Cl: 1.66-21.53; p=0.006, respectively]. NPH diagnosis was associated with falls, performance-oriented mobility assessment, PI, slow walking
speed, and use of walking assistive devices (OR: 5.70, Cl: 95% 1.83-17.70; p=0.003; OR: 0.82, Cl: 95% 0.73-0.93; p<0.003; OR: 14.87, CI: 95% 3.64-
60.68; p<0.001; OR: 13.37, Cl: 95% 3.65-49.02; p<0.001; and OR: 4.92, CI: 95% 1.15-21.07; p<0.031, respectively).

Conclusion: A comprehensive assessment of balance, gait, and falls, along with understanding their links to various etiological subtypes of dementia,
can be useful in many clinical settings, such as monitoring disease progression and identifying at-risk individuals.

Keywords: Dementia, balance; gait, falls, comprehensive geriatric assessment

0z
Amag: En sik goriilen demans alt tiplerinde denge, yuriime ve diismeler arasindaki iliskinin incelenmesi amaglandi.
Gereg ve Yontem: Bu retrospektif, kesitsel calismaya Alzheimer hastaligi (AH), Lewy cisimcikli demans (LCD), davranissal varyant frontotemporal

demans ve normal basingl hidrosefali (NBH) tanisi almis toplam 260 yasli birey ile hilissel olarak saglikli 338 kontrol dahil edildi. Komorbiditeler,
ilaclar, denge-ytirtime analizi ve norokognitif testleri iceren kapsamli geriatrik degerlendirme sonuglari karsilastirildi.

Bulgular: Kontroller ile demans alt tipleri arasinda cinsiyet, komorbidite yiikii, obezite, beslenme durumu, kirilganlik, sarkopeni, yavas yiriime hizi,
denge, postiiral instabilite (Pi), diismeler ve yiiriimeye yardimar cihaz kullanimi agisindan istatistiksel olarak anlamli farkhliklar saptandi. LCD tanisi
dusmeler, Pi ve yavas yiiriime hizi ile iliskiliydi [olasilik orani (OR): 4,67, %95 giiven araligi (GA): 1,37-15,92; p=0,014; OR: 7,38, %95 GA: 1,67-32,50;
p=0,008 ve OR: 5,99, %95 GA: 1,66-21,53; p=0,006, sirasiyla]. NBH tanisi; diismeler, performansa dayali mobilite degerlendirmesi, Pi, yavas yiiriime
hizi ve yiirimeye yardimai cihaz kullanimi ile iliskiliydi (OR: 5,70, %95 GA: 1,83-17,70; p=0,003; OR: 0,82, %95 GA: 0,73-0,93; p<0,003; OR: 14,87, %95
GA: 3,64-60,68; p<0,001; OR: 13,37, %95 GA: 3,65-49,02; p<0,001 ve OR: 4,92, %95 GA: 1,15-21,07; p<0,031, sirasiyla).

Address for Correspondence: Prof. Dr., Ahmet Turan ISIK, Dokuz Eyliil University Faculty of Medicine, Department of Geriatric Medicine, izmir, Tiirkiye
E-mail: atisik@yahoo.com ORCID ID: orcid.org/0000-0001-5867-6503
Received: 24.02.2026 Accepted: 04.05.2026 Publication Date: 14.09.2026
Cite this article as: Mutlay F, Dost FS, Kaya D, Isik AT. Relationships between balance, gait, and falls in dementia subtypes: a comprehensive geriatric assessment study.
Nam Kem Med J. 2026;14(3):333-341

@@@@ ©Copyright 2026 The Author(s). Published by Galenos Publishing House on behalf of the Tekirdag Namik Kemal University.
B _NC_ND This is an open access article under the Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 (CC BY-NC-ND) International License.

333


https://orcid.org/0000-0002-4772-2751
https://orcid.org/0000-0002-3748-8156
https://orcid.org/0000-0002-5637-1308
https://orcid.org/0000-0001-5867-6503

MUTLAY et al. Balance and Gait in Dementia Subtypes

Nam Kem Med ] 2026;14(3):333-341

Sonug: Denge, yirtime ve dismelerin kapsamli bicimde degerlendirilmesi ve bunlarin farkl etiyolojik demans alt tipleriyle iliskilerinin anlasiimast;
hastalik progresyonunun izlenmesi ve risk altindaki bireylerin belirlenmesi gibi bircok klinik alanda yararh olabilir.

Anahtar Kelimeler: Demans, denge, yiiriime, diisme, ayrintih geriatrik degerlendirme

INTRODUCTION

Balance is the postural adjustment needed to keep the center
of gravity over the support surface, both at rest and during
activity. Both static and dynamic balance are impaired in
older adults due to issues with postural control impairments’.
Balance problems occur in 13% of patients aged 65, 35% of
patients aged 75, and 46% of patients aged 85 In a study
conducted with older individuals, the frequency of falls was
33.6%°. The fall rate among older adults with dementia is twice
that of a cognitively healthy population, and nearly two-thirds
of individuals with dementia fall each year*.

Postural balance problems are common in neurodegenerative
disorders. Balance relies on the integration of somatosensory,
vestibular, and visual inputs. A disorder in any of these systems
negatively affects postural control’. In neurodegenerative
diseases, postural abnormalities arise through numerous
mechanisms, including damage to motor and sensory
pathways, loss of proprioception, impaired vestibular and visual
integration, changes in muscle tone, and delayed reflexes®®.
Postural instability (Pl), often identified through physical
examination, is commonly observed in Parkinson’s disease
and Parkinson’s-plus syndromes [dementia with lewy bodies
(DLB), multiple system atrophy, corticobasal degeneration, and
progressive supranuclear palsy]’. Additionally, PI aids in the
diagnosis, monitoring, and therapeutic evaluation of normal-
pressure hydrocephalus (NPH)™.

The ability to walk is essential for many basic social functions
needed for independence. Gait control isa complex process that
involves the integration of motor, perceptual, and cognitive
systems''. A gait disorder is defined as when the patient walks
slower than expected for their age or when abnormalities in
movement, such as balance issues, are observed™. The normal
walking speed ranges from 1.2 to 1.4 m/s, although it can vary
with age, sex, and body size. Speeds below 0.8 m/s are linked to
limited mobility and higher mortality risk™'*. Walking assistive
devices improve gait by alleviating pain or compensating for
balance deficits. Additionally, studies have shown that using
walking aids can provide benefits by reducing cognitive load™.
However, no studies in the current literature compare the use
of walking assistive devices among Alzheimer’s disease (AD),
DLB, frontotemporal dementia (FTD), and NPH.

Older adults with mobility limitations, such as slower walking
speeds, face a higher risk of falls. Research has identified both
intrinsic (individual) and extrinsic (environmental) factors that
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contribute to falls. However, the complexity of these factors
makes it difficult to manage at-risk older adults effectively®.
The physical consequences of falls include fractures,
dislocations, sprains, bruises, open wounds, and head injuries.
Indirect consequences include pressure sores, pneumonia, and
other infections that may result from hospitalization. Fear of
falling—defined as persistent anxiety about falls that prevents
individuals from performing activities, they are capable of—
relates to loss of independence, depression, low self-esteem,
and diminished self-confidence. This fear is part of the long-
term complications that can result from falls in older adults.
An injurious fall can lead to increased caregiving needs, loss of
independence, and reduced social participation. These issues
impose a significant burden on older adults, their families,
caregivers, and society as a whole".

Despite growing awareness that dementia is a global public
health issue, there is currently no cure. As a result, early
detection of potentially modifiable factors, such as physical
performance deficits and falls, is increasingly important'.
Although the link between dementia and balance issues in
older adults is well-established, few studies have shown how
different dementia subtypes impact balance, gait, and falls.
Our study aimed to evaluate balance and gait in older adults
with different types of dementia, identify those at high fall risk,
and explore related factors.

MATERIALS AND METHODS

Participants

Data from 598 patients who visited our geriatric clinic for any
reason and underwent a comprehensive geriatric assessment
(CGA) were retrospectively and cross-sectionally analyzed from
July 2018 to June 2021. This number represents the final cohort
after applying all inclusion and exclusion criteria. The control
group included individuals without a diagnosed dementia
subtype; some participants had mild cognitive impairment
clinical dementia rating scale (CDR 0.5) or very mild dementia
(CDR 1.0). Patient demographics, comorbidities, medications,
laboratory data, and CGA parameters were obtained from
medical records. This study was conducted in accordance with
the ethical principles of the Declaration of Helsinki and its
later amendments. The University This study was conducted
in accordance with the ethical principles of the Declaration
of Helsinki and its later amendments. Dokuz Eylil University
Ethics Committee granted permission to carry out the study
(decision no: 2021/18-14, date: 09.06.2021).. As this was a
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retrospective study of patients included in our CGA database,
a formal a priori power or sample-size calculation was not
performed; however, all eligible patients during the study
period were included to maximize statistical power. Written
informed consent was obtained from all patients, and all data
were anonymized before analysis.

Exclusion Criteria

Patients under 65 years of age, those with sequelae of
cerebrovascular disease, those with severe musculoskeletal,
orthopedic, or peripheral neuromuscular disorders that impair
walking and balance (major lower extremity amputation, recent
hip fracture/surgery, severe osteoarthritic pain, spinal stenosis
with neurogenic claudication), those with uncorrected severe
visual impairment or active vestibular disorder, those with
an acute, clinically unstable illness at the time of evaluation
(e.g., decompensated heart failure, recent stroke or transient
ischemic attack, subdural hematoma, delirium, gastrointestinal
bleeding, sepsis, acute renal failure, acute coronary syndrome,
respiratory failure, liver failure), those under the influence of
significant sedative medication during the assessment, patients
who are non-ambulatory or unable to stand or walk safely even
with standard assistive devices, and patients who are unable
to understand and follow the simple instructions required for
the standard walking assessment were excluded from the study.
Additionally, patients with mixed dementia and those with
non-AD, non-DLB, non-basicFTD (bvFTD), non-NPH dementia,
and patients with missing data in medical records were also
excluded.

Diagnosis of Dementia Subtypes

Clinical, laboratory, radiographic (cranial computed tomography,
magnetic resonance imaging, or positron emission tomography),
and neurocognitive tests were performed for all cases. For
neurocognitive evaluation, the Montreal Cognitive Assessment
(MoCA)™, CDR? and the clock drawing test?' were used.

Dementia (major neurocognitive disorder) was diagnosed based
on the diagnostic criteria of Diagnostic and Statistical Manual
of Mental Disorders??. Then, probable AD*?, probable DLB?>%,
bvFTD¥, and NPH*?° were diagnosed according to current
diagnostic criteria. A geriatrician evaluated all patients, and
CGA was performed. Dementia was diagnosed by a geriatrician
trained in neurodegenerative diseases.

Comprehensive Geriatric Assessment

Age, sex, education level, medications, comorbidities, Charlson
Comorbidity index (CCI»*°, and falls were recorded. Polypharmacy
was defined asthe regular use of five or more medications, in line
with common geriatric literature. Obesity was defined as body
mass index (BMI) =30 kg/m?2. Mahoney and Barthel*" and Lawton

and Brody* scales were used to assess basic and instrumental
activities of daily living. Data were recorded for measurements
of Romberg, PI, balance and gait analysis performance-oriented
mobility assessment (POMA)*, and orthostatic hypotension3*3>,
a routine component of physical assessment in CGA. Pl was
evaluated using the retropulsion test*®. The use of a cane,
crutches, a walker, and a wheelchair as assistive devices for
walking was reviewed in the file. Recurrent falls were defined as
two or more falls in the past year (>2), in line with the majority of
the literature®. Walking speed below 0.8 m/sec on the 4-meter
walking test was recorded as slow walking speed®. Participants’
nutritional status was assessed using the Mini Nutritional
Assessment-Short Form (MNA-sf). Patients with an MNA-sf score
of 11 or below were regarded as malnutrition or malnutrition
risk. Sarcopenia was diagnosed according to the European
Working Group on Sarcopenia in Older People-23 criteria. For
muscle strength and skeletal muscle index cut-off values, the
values established for the Turkish population were used®. A
FRIED* score of three or higher was considered frailty. Hospital
biochemistry laboratory records for all participants were also
obtained. All biochemical tests were performed on a Diagnostic
Modular Systems autoanalyzer (Roche E170 and P-800). 25(0H)
vitamin D was measured using radioimmunoassay.

Statistical Analysis

Statistical analyses were conducted using SPSS v 29.0 for
Windows (SPSS Inc., Chicago, IL). Patients were divided into
five groups: control (cognitively healthy), AD, bvFTD, DLB, and
NPH. Descriptive statistics for these groups were reported as
mean * standard deviation for continuous variables and as
percentages (%). Continuous variables were compared using
ANOVA. Categorical variables were evaluated using Pearson’s
x? or Fisher's exact test. Logistic regression was performed
to examine whether measures, including falls, POMA score,
slow walking speed, PI, and use of walking assistive devices,
were independently associated with each dementia subtype
(compared with controls). Regression models were built using
backward stepwise logistic regression. Age and sex were forced
into the model; other covariates were entered using backward
stepwise selection with entry p<0.05 and removal p>0.10. For
each dementia subtype, the risk relative to the control group
was expressed as the odds ratio (OR). Results with p<0.05 were
considered statistically significant.

RESULTS

After selecting participants based on the inclusion and exclusion
criteria, a total of 598 older adults were included in the study:
260 with dementia (136 AD, 31 bvFTD, 51 DLB, 42 NPH) and 338
cognitively healthy individuals serving as the control group.
There were statistically significant differences between the
control group and the dementia subtype groups in sex, BMI,
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Table 1. Characteristics of participants among groups

Control group (n=338) | AD (n=136) bvFTD (n=31) | DLB (n=51) NPH (n=42) p
Demographics
Age” (years) 76.36 (5.77) 75.85 (7.89) 76.74 (8.53) 78.11 (6.02) 77.04 (6.53) 0.316
Sex, % male 35.80 50.70 61.30 43.10 45.20 0.006
Education” (years) /80 /.88 6.74 6.22 702 0.137
(4.78) (4.65) (4.44) (4.23) (5.11)
Polypharmacy (%) 55.30 61.00 64.50 70.60 73.80 0.059
ccr 1.45 (1.37) 1.97 (1.52) 2.41(1.62) 2.33(1.62) 2.95 (1.69) <0.001
Obesity % 31.60 13.50 29.20 32.40 50.00 0.001
Comorbidities
Osteoarthritis % 36.50 15.10 9.70 17.40 28.90 <0.001
Cerebrovascular disease % 7.10 4.40 12.90 3.90 11.90 0.245
Diabetes mellitus % 34.60 28.70 29.00 27.50 50.00 0.097
Hypertension % 76.00 58.80 48.40 58.80 69.00 <0.001
Peripheral artery disease % 5.30 4.40 6.50 3.9 9.5 0.743
Congestive heart failure % 8.00 5.10 6.50 5.90 9.50 0.796
Coronary artery disease % 21.60 16.20 12.90 21.60 19.00 0.581
Depression % 30.00 25.70 35.50 43.10 31.00 0.222
Drugs
Antipsychotic % 2.30 19.90 12.90 29.40 14.30 <0.001
Antidepressant % 10.70 58.20 64.50 66.70 45.20 <0.001
Antihypertensive drugs % 63.90 64.70 58.10 64.70 81.00 0.236
Comprehensive geriatric assessment
OH % 32.20 28.60 23.30 38.30 20.00 0.308
Malnutrition and malnutrition risk % | 23.20 45.90 38.70 60.80 39.00 <0.001
Frailty % 25.90 38.50 45.50 56.30 48.60 <0.001
Sarcopenia confirmed % 4.20 26.00 10.00 12.90 17.90 <0.001
0.0 55.30 5.30 0 0 17.10
0.5 34.30 25.00 16.70 16.30 34.10
CDR % 1.0 10.40 34.10 60.00 34.70 36.60 <0.001
2.0 0 25.80 20.00 36.70 7.30
3.0 0 9.80 3.30 12.20 4.90
Clock drawing test” 4.43(0.90) 2.80 (1.71) 2.81(1.46) 1.85(1.45) 3.15(1.79) <0.001
MoCA* 24.26 (3.34) 15.82 (6.79) 19.87 (5.19) 13.66 (4.45) 20.81 (4.04) <0.001
BADL' 94.06 (7.55) 89.08 (14.94) | 91.12(9.37) 79.11(21.41) | 82.26(20.66) | <0.001
IADL" 19.26 (4.37) 12.41 (6.33) 12.35(6.37) 9.66 (6.24) 14.35 (6.64) <0.001
Laboratory
Hemoglobin® 12.84 (1.26) 12.97 (1.32) 13.29 (1.27) 12.73 (1.16) 12.59 (1.61) 0.146
25 (OH) vit D* 21.89 (11.58) 19.28 (10.46) | 21.94 (11.72) | 20.40(12.08) | 20.24 (9.28) 0.217
Vitamin B12” 398.97 (225.80) 378.16 (230.25) | 339.06 (178.16) | 327.69 (164.50) | 416.00 (268.28) | 0.152
TSH 1.96 (3.91) 4.74 (35.93) 1.32(1.45) 1.44 (0.79) 1.45 (1.35) 0.557
eGFR* 70.79 (16.70) 71.93 (18.25) | 77.66(23.01) | 72.06(18.19) | 70.96 (22.47) | 0.384
Gait and balance
Slow gait speed % 29.70 41.80 3230 62.50 81.00 <0.001
POMA" 2511 23.77 24.61 21.64 20.78 <0.001
(4.11) (5.29) (3.90) (7.15) (6.64)
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Table 1. Continued

Control group (n=338) | AD (n=136) bvFTD (n=31) | DLB (n=51) NPH (n=42) |p
Postural instability % 4.70 20.60 22.60 39.20 45.20 <0.001
Falls % 31.40 29.40 41.90 68.60 66.70 <0.001
Walking assistive devices % 14.10 11.50 7.70 22.50 30.80 0.023

*Mean (SD); AD: Alzheimer’s disease, BADL: Basic activities of daily living, bvFTD: Behavioral variant frontotemporal dementia, CCl: Charlson Comorbidity index, CDR: Clinical
dementia rating, DLB: Dementia with lewy bodies, eGFR: Estimated glomerular filtration rate, IADL: Instrumental activities of daily living, MoCA: Montreal cognitive assessment,
NPH: Normal pressure hydrocephalus, OH: Orthostatic hypotension, POMA: Performance-oriented mobility assessment, SD: Standard deviation, TSH: Thyroid-stimulating hormone

obesity, malnutrition, malnutrition risk, frailty, sarcopenia,
slow walking speed, POMA, PI, falls, and use of walking assistive
devices (Table 1).

Additionally, the use of antidepressant and antipsychotic
medications was significantly lower in the control group
compared to the dementia groups (p<0.001; p<0.001,
respectively). Laboratory data (hemoglobin, 25(0H) vitamin
D, vitamin B12, thyroid-stimulating hormone, and estimated
glomerular filtration rate showed no significant differences
between the control and dementia subgroups. The results of
activities of daily living, MoCA, CDR, and clock drawing tests,
which are part of the neurocognitive assessment, showed
significant differences between the control and dementia
subgroups (p<0.001 for each).

According to the regression analysis, no significant relationship
was found between falls, POMA, PI, slow walking speed, use
of a walking assistive device, and the AD and bvFTD groups,
separately.

DLB was significantly associated with falls, PI, and slow walking
speed (OR: 4.67, Cl: 95%: 1.37-15.92; p=0.014; OR: 7.38, Cl:
95%: 1.67-32.50; p=0.008; and OR: 5.99, Cl: 95%: 1.66-21.53;
p=0.006, respectively) (Table 2).

NPH was significantly associated with falls, POMA, PI, slow
walking speed, and the use of a walking assistive device (OR:
5.70 Cl: 95% 1.83-17.70; p=0.003; OR: 0.82 CI: 95% 0.73-0.93;
p<0.003; OR: 14.87 CI: 95% 3.64-60.68; p<0.001, OR: 13.37

Cl: 95% 3.65-49.02; p<0.001; and OR: 4.92 CI: 95% 1.15-21.07;
p<0.031, respectively) (Table 2). In the fully adjusted analyses,
AS and FTD were not significantly associated with the outcomes.
Full model results, including ORs and 95% Cls for all dementia
subtypes, are provided in Supplementary Table S1.

DISCUSSION

In this cross-sectional and retrospective study, we observed
that older adults with AD, bvFTD, DLB, and NPH had a higher
prevalence of malnutrition and malnutrition risk, frailty,
sarcopenia, slow walking speed, PI, falls, use of walking aids,
and use of antidepressants and antipsychotics, along with lower
POMA scores compared to cognitively healthy older adults. We
also demonstrated that DLB was associated with falls, PI, and
slow walking speed. In contrast, NPH was associated with falls,
Pl, lower POMA scores, slow walking speed, and use of walking
assistive devices.

Current evidence highlights the significant role of multiple
cognitive domains, especially attention and executive
functions, in explaining the high variability in mobility
performance among cognitively healthy and dementia-
diagnosed older adults*'. The relationship between motor and
cognitive impairments has garnered significant interest from
researchers and healthcare providers because it could facilitate
early detection of those at highest risk for dementia and enable
personalized interventions to best preserve cognitive function
best*?. Falls are a significant public health issue worldwide due

Table 2. Comparison of falls, POMA scores, postural instability, slow gait speed, and use of walking assistive devices across DLB and NPH

patients

Control DLB NPH

OR (95% CI) OR 95% Cl p OR 95% Cl p
Falls 4.671 1.371-15.920 | 0.014 5.706 1.838-17.709 0.003
POMA 1.039 0.905-1.194 0.588 0.827 0.731-0.937 0.003
Postural instability {"c‘f)f:trfo’])ce 7.385 1.678-32.502 | 0.008 14.870 3.644-60.684 | <0.001
Slow gait speed 5.994 1.668-21.533 0.006 13.375 3.650-49.020 <0.001
Walking assistive device 0.895 0.171-4.698 0.896 4.928 1.152-21.072 0.031
Cl: Confidence interval, DLB: Dementia with lewy bodies, NPH: Normal pressure hydrocephalus, OR: Odds ratio, POMA: Performance-oriented mobility assessment
Regression model: Age, sex, obesity, sarcopenia, malnutrition, hypertension, osteoarthritis, antidepressant, and antipsychotic use for POMA (continuous), OR represents change
in odds of being in the dementia group per 1-point higher POMA score. OR <1 indicates lower POMA scores (worse mobility) are associated with higher odds of dementia
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to their high prevalence, morbidity, mortality, healthcare costs,
and clinical complications. Many subtypes of dementia exhibit
motor impairment as the disease progresses®. The occurrence
of falls and fall injuries increases with age and is higher in
individuals with dementia. All types of dementia are associated
with varying degrees of reduced physical and cognitive abilities.
In a study by Farup et al.* the prevalence of falls across
dementia subtypes was 22.4% in early-onset AD, 33.6% in late-
onset AD, 50.6% in mixed [AD and vascular dementia (VAD)],
55.3% in VAD, 28.6% in FTD, and 55% in DLB. They suggested
that age, comorbidities, and dementia features help explain
the differences in fall rates among dementia groups.

In our study, we observed that DLB was associated with falls,
PI, and slow walking speed. This finding is consistent with
previous studies demonstrating greater gait impairment in
DLB than in ADClick or tap here to enter text. DLB patients
have extrapyramidal symptoms and signs (akinesia, rigidity)
that slow walking and significantly alter spatial and temporal
parameters, such as step length®.

Our results indicate that NPH is associated with falls, PI, slow
walking speed, and use of walking aids. It is well known
that urinary incontinence and cognitive impairment in NPH
patients are accompanied by gait apraxia and falls*. Therefore,
this is a predictable outcome. Gait disturbance in NPH typically
represents a hypokinetic gait with slow walking speed, reduced
step length, and increased step width*. Our research revealed
a link between NPH and low POMA scores. The stronger
association of NPH with slow gait and PI, compared with DLB,
likely reflects differences in their pathophysiology. In NPH,
frontal-subcortical disconnection causes a hypokinetic, short-
stepped, and wide-based gait with impaired postural reflexes,
whereas DLB gait impairment is mainly due to extrapyramidal
motor dysfunction®?. Although our study did not categorize
patients by disease stage, gait and balance disturbances
generally worsen as the disease progresses in both conditions.
Several studies support the finding that POMA (gait, balance,
and total) scores are lower in patients diagnosed with idiopathic
NPH and may improve with therapeutic cerebrospinal fluid
drainage®. Although previous studies have suggested that
POMA performance is linked to falls in patients with dementia,
our cross-sectional design does not allow direct conclusions
about the test’s predictive (prognostic) value. Nevertheless,
our findings emphasize the association between lower POMA
scores and a history of falls, underscoring its usefulness as a
practical tool for evaluating balance and gait in older adults
with dementia. It is important to note that performance on
this test depends heavily on participants’ understanding and
adherence to instructions®.
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Our regression results did not show a significant association
between AD diagnosis and factors such as falls, gait issues, or
balance problems. In a cohort study of 11,466 people, Sverdrup
et al>® found that older adults with AD exhibited better
physical performance than those with other forms of dementia
subtypes. This is consistent with our results. Furthermore,
studies highlight the relationship between AD and physical
performance decline, showing that among patients with mild
cognitive impairment, those with gait, balance, and motor
issues are at greater risk of developing AD>'. Another study
supports the notion that gait disturbance in AD is associated
with disease stage. Ala and Frey investigated documented gait
disturbance in patients with autopsy-proven AD. They found
that 16% and 32% of patients with moderate and severe disease,
respectively, experienced gait disturbances, while none of the
patients with mild AD reported them®2. Verghese et al.>* showed
in their research that walking speed was slower in patients with
AD who had the Apolipoprotein E4 genotype and declined more
rapidly than in those without this allele. The lack of significant
differences in fall and gait parameters between the control
group and the AD or bvFTD groups may be affected by patient
selection. Our cohort included patients with mild-to-moderate
disease severity, and those with severe functional impairments
were less common. Additionally, bvFTD patients mainly exhibit
behavioral and executive symptoms rather than motor deficits,
which might explain the lack of significant associations.
Selection criteria and the exclusion of patients with vascular or
mixed dementias may also have contributed to these results.

Our findings show no association between bvFTD diagnosis and
falls, gait, or balance problems. Patients with bvFTD, a subtype
of frontotemporal lobar degeneration, typically present with
a neurobehavioral syndrome. Clinical diagnostic criteria for
bvFTD include early declines in social and interpersonal
behavior, early impairments in personal behavior regulation,
emotional blunting, and loss of insight. Although motor and
gait abnormalities have been reported, they usually do not
involve a frontal gait pattern. On the other hand, Samra et al.>*
reported that bvFTD patients experienced stepping difficulties
more frequently than those with ADClick or tap here to enter
text. Some patients diagnosed with DLB or bvFTD had a CDR
stage of 0. This likely reflects CDR’s limitations in detecting
early-stage or non-amnestic presentations and underscores the
importance of interpreting CDR stage alongside other cognitive
and functional assessments in these groups.

Patients with VAD or mixed dementia were excluded from
our study. This is because recent epidemiological and
clinicopathological data suggest a significant overlap between
cerebrovascular disease and AD, and that both pathologies
have additive or synergistic effects®. Cases of true VaD without
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significant mobility issues are rare, and diagnosing VaD overall
remains challenging due to the absence of validated criteria and
variability in clinical presentation®®. We believe this situation
could confuse distinguishing between working groups.

Study Limitations

Our current study has several limitations. First, because it
is cross-sectional and retrospective, we cannot establish a
cause-and-effect relationship. Although we aimed to exclude
patients with VaD, we may have overlooked individuals with
subclinical cerebrovascular disease. We acknowledge that more
comprehensive device-assisted analyses are needed to enable
sensitive quantitative gait assessment in clinical practice. This
study assessed balance and gait using standard clinical tools such
as the POMA, Romberg test, walking speed, and the Retropulsion
test. Future research using dual-task or sensor-based gait analysis
might provide more sensitive measures of gait issues in dementia.

Beyond its limitations, our study also has notable strengths.
It is among the few to assess multiple dementia subtypes
within a single geriatric group using CGA measures. Assessing
balance, gait, falls, nutritional status, frailty, sarcopenia, and
functional abilities provides a comprehensive view of mobility
and functional impairment across dementia subtypes. These
strengths enhance the clinical relevance of our results and lay a
strong foundation for future research.

CONCLUSION

The ability to move independently greatly enhances overall
well-being and autonomy in older adults. Enhancing our
understanding of gait and balance disorders is crucial
for optimizing health and function in seniors. This study
contributes to the literature by examining multiple dementia
subtypes within a single geriatric cohort using CGA parameters,
enabling direct comparison of balance, gait, and fall-related
features across subtypes. A detailed assessment of gait and
balance, along with an understanding of their associations
with various etiological subtypes of dementia, may aid early
diagnosis and disease monitoring through cost-effective
evaluations. Balance-gait disturbances and falls may serve
as early markers to distinguish between dementia subtypes;
however, larger future cohort studies with more participants
are needed to confirm these findings.
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ABSTRACT

Aim: Synaptic plasticity forms the neurobiological foundation of learning and memory. Despite the rapid growth of in vivo electrophysiological
studies, a systematic evaluation of global publication trends remains lacking. This study aimed to map the evolution, research themes, and scientific
collaborations related to hippocampal plasticity.

Materials and Methods: A bibliometric analysis evaluated 2,348 English-language articles from the Web of Science Core Collection (1987-2024),
extracted on October 2, 2025. To investigate systems-level dynamics, the exact topic (TS) query was TS= (“synaptic plasticity”) AND (“hippocampus”
OR “learning” OR “memory”) AND [“long-term depression (LTD)"] OR “long term potentiation (LTP)” OR “LTP” OR “LTD” AND (“in vivo”). VOSviewer and
Biblioshiny were utilized to analyze publication trends, thematic maps, co-authorship networks, and institutional distributions.

Results: Publications peaked in 2013 (130 articles) and have gradually declined since. Core keywords included synaptic plasticity, hippocampus, and
LTP, while trending topics such as pathology, interleukin-1 beta and gamma oscillations indicated a shift toward clinical neuropathology. The most
cited authors were Song S., Miller K.D., Abbott L.F., and Morris R.G.M. The strongest collaboration networks involved Rowan M.J., Bramham C.R,, and
Korte M. The United States, Germany, and China led the field, with Stanford and Northwestern Universities as top institutions.

Conclusion: Synaptic plasticity and hippocampal mechanisms remain the conceptual core of this research area; however, recent trends highlight a
growing emphasis on neuroinflammatory and pathological processes shaping future directions in neuroscience.

Keywords: LTP, synaptic plasticity, hippocampus, learning, memory, bibliometric analysis

0z
Amacg: Sinaptik plastisite, 6grenme ve bellegin norobiyolojik temelini olusturur. in vivo elektrofizyolojik calismalarin hizla artmasina ragmen, kiiresel

yayin egilimlerinin sistematik olarak degerlendirilmesi halen eksiktir. Bu calismanin amaci, hipokampal plastisite ile iliskili gelisimi, arastirma
temalarini ve bilimsel is birliklerini haritalandirmaktir.

Gereg ve Yontemler: Bu bibliyometrik analizde, Web of Science Core Collection veri tabanindan 2 Ekim 2025 tarihinde elde edilen, 1987-2024 yillan
arasinda yayimlanmis 2.348 ingilizce makale degerlendirilmistir. Sistem diizeyindeki dinamikleri incelemek amaciyla kullanilan kesin konu aramasi
(TS) sorgusu su sekildedir: TS= (“sinaptik plastisite”) AND (“hipokampus” VEYA “6grenme” VEYA “bellek”) VE [“uzun siireli baskilanma (LTD)” VEYA
“uzun streli giiclenme (LTP)” VEYA “LTP” VEYA “LTD”] VE (“in vivo”). Yayin egilimleri, tematik haritalar, ortak yazarlik aglari ve kurumsal dagilimlarin
analizinde VOSviewer ve Biblioshiny yazilimlari kullaniimistir.

Bulgular: Yayin sayisi 2013 yilinda zirveye ulasmis olup bu yilda 130 makale yayimlanmis, sonrasinda ise kademeli olarak azalmistir. Temel anahtar

kelimeler arasinda sinaptik plastisite, hipokampus ve uzun sireli giiclenme, LTP yer alirken; patoloji, interlokin-1 beta ve gama osilasyonlari gibi
one cikan giincel konular, klinik néropatolojiye dogru bir yonelime isaret etmistir. En cok atif alan yazarlar Song S., Miller K.D., Abbott L.F. ve Morris
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R.G.M. olmustur. En giclu is birligi aglari Rowan M.J., Bramham C.R. ve Korte M. etrafinda sekillenmistir. Amerika Birlesik Devletleri, Almanya ve Cin
bu alanda dne cikan iilkeler olurken, Stanford ve Northwestern Universiteleri baslica kurumlar arasinda yer almistir.

Sonug: Sinaptik plastisite ve hipokampal mekanizmalar bu arastirma alaninin kavramsal merkezini olusturmaya devam etmektedir. Bununla
birlikte, giincel egilimler norobilimde gelecekteki arastirma yonelimlerini sekillendiren noroenflamatuvar ve patolojik siireclere yonelik ilginin

giderek arttigini gostermektedir.

Anahtar Kelimeler: UDG, sinaptik plastisite, hipokampiis, 6grenme, bellek, bibliyometrik analiz

INTRODUCTION

Electrophysiological methods have played a critical role in
understanding neuronal communication and the functional
organization of the brain'. Following Lord Edgar Adrian’s
1920s action potential recordings from single nerve fibers, the
field reached a theoretical milestone in 1952 when Hodgkin
and Huxley elucidated the ionic mechanisms of the action
potential*®>. These advancements laid the groundwork for
modern electrophysiological analyses. In 1966, Terje Lemo
observed that high-frequency stimulation of the hippocampal
perforant path led to a sustained enhancement in synaptic
transmission®. These findings were confirmed in a seminal
1973 publication by Tim Bliss, which established long term
potentiation (LTP) and represented a paradigm shift in synaptic
plasticity research. Since the 1970s, direct recordings of synaptic
transmission, particularly within the hippocampus, has gained
substantial empirical attention in the literature>’"°.

LTP refers to the long-lasting strengthening of synaptic
connections between neurons in an activity-dependent
manner and is regarded as the cellular basis of learning and
memory'. Subsequent studies demonstrated that the sustained
enhancement of synaptic transmission observed in LTP was not
unidirectional, leading to the introduction of the concept of
long-term depression (LTD) into the literature. LTD represents a
long-term reduction in synaptic transmission strength following
specific stimulation patterns. This process is considered critical
for eliminating unnecessary information and maintaining
network homeostasis'’. Currently, in vivo electrophysiology
remains one of the most robust techniques used to understand
how the mechanisms of synaptic plasticity change under both
physiological and pathological conditions, such as Alzheimer’s
disease, epilepsy, and depression®>™. In this context, the
concepts of “synaptic plasticity”, “hippocampus”, “learning”,
“memory”, and “in vivo electrophysiology” are frequently
examined together in the literature. The dentate gyrus, CA1, and
CA3 regions are the hippocampal structures most sensitive to
synaptic plasticity forms such as LTP and LTD'>'. Over the past
four decades, research has demonstrated that these concepts
carry substantial implications not only in basic neuroscience
but also in the context of clinical neurobiology'”™. In
particular, electrophysiological investigations of learning and
memory impairments such as those observed in Alzheimer’s
disease have contributed to the identification of potential

therapeutic targets'. Currently, electrophysiological recordings
related to synaptic plasticity are utilized not only to elucidate
the neurobiological foundations of memory but also to reveal
the mechanisms disrupted under pathological conditions.
Therefore, bibliometric analysis of synaptic plasticity studies
using in vivo electrophysiological recordings is important for
elucidating the historical development, research intensity,
prominent themes, and future directions of this field. Despite
the large number of publications, comprehensive bibliometric
mapping of global trends, leading countries, collaboration
networks, and core themes in synaptic plasticity is lacking.
Similarly, recent bibliometric reviews widely used in synaptic
plasticity and related fields show that this method is one of
the most effective ways to systematically map the increase
in publication volume and categorize the contributions of
countries, regions, and authors, and their relevance to research
hotspots?®?'.

Accordingly, the present study aims to construct a systematic
map of the research in this field by integrating the themes of
synaptic plasticity, in vivo electrophysiology, the hippocampus,
learning, and memory. The goal is to provide a guiding
framework for understanding the developmental dynamics
of the research area and to inform new research strategies,
thereby offering valuable insights to both basic and clinical
neuroscientists.

MATERIALS AND METHODS

Data Sources and Search Strategy

To specifically evaluate the functional dynamics of intact
neural networks, the search strategy for this bibliometric
analysis was restricted to /n vivo approaches and foundational
electrophysiological paradigms of synaptic plasticity, namely
LTP and LTD. While the broader literature on synaptic
plasticity includes extensive in vitro slice preparations,
molecular biological assays, and non-invasive neuroimaging,
incorporating these diverse methodologies would have
generated a highly heterogeneous dataset. Such heterogeneity
may obscure the specific evolutionary trajectory of systems-
level electrophysiological research. By focusing strictly on
“in vivo”, “LTP” and “LTD”, this study aims to robustly map
research that directly links synaptic mechanisms to behavioral
outcomes and clinical neuropathologies in living organisms.
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Based on this established methodological framework, on
October 2, 2025, data were retrieved from the Web of Science
(WoS) database using the following topic search query: exact
topic (TS) = (“synaptic plasticity”) AND (“hippocampus” OR
“learning” OR “memory”) AND (“LTD” OR “LTP” OR “LTD”) AND
(“in vivo”).

The selection criteria were limited to the document type
“articles”; only publications indexed in the WoS Core Collection
including the Science Citation Index Expanded (SCI-EXPANDED),
Emerging Sources Citation index and Social Sciences Citation
index were included. The search was further restricted
to publications written in English. Most of the identified
studies belonged to the field of Neurosciences, followed by
multidisciplinary sciences, pharmacology and pharmacy,
biochemistry and molecular biology, behavioral sciences,
cell biology, clinical neurology, physiology, psychiatry, and
psychology, with additional contributions from other related
disciplines.

A

Articles

Prior to importing the dataset into VOSviewer and biblioshiny,
a rigorous data preprocessing protocol was applied. Initial
screening for duplicates yielded no redundant records, as
the extraction was limited to a single database, no duplicate
records were identified. Finally, the standardization of author
names was manually reviewed to prevent the artificial
fragmentation or merging of publication records. During this
manual inspection, author name consistency was assessed
by cross-referencing the authors’ institutional affiliations
and their historical co-authorship networks to resolve any
potential ambiguities. This inspection confirmed a high level of
consistency in WoS indexing of the major contributing authors
and institutions, therefore, no significant manual unification
was required prior to the co-authorship and citation network
analyses. As a result, the search yielded 2,348 articles, with
publication dates ranging from 1987 to 2024. The complete
step-by-step process of literature identification, screening, and
inclusion is visually detailed in the flow diagram, provided as
Supplementary Figure 1.
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Figure 1. Annual publication counts and co-authorship network. (A) Distribution of annual publication counts from 1987 to 2024, (B)

co-authorship network map of prominent researchers
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Statistical Analysis

The bibliometric data were exported in plain text format and
analyzed using VOSviewer (v.1.6.20; Centre for Science and
Technology Studies, Leiden University, Leiden, The Netherlands)
and the Biblioshiny interface of the Bibliometrix R package
(v.4.1.2)2. Descriptive analyses included publication and
citation counts, annual publication trends, and productivity
distributions by country, institution, author, and journal. To
ensure the reproducibility of the results, specific thresholds
were applied: for co-authorship analysis, a minimum threshold
of one document and one citation per author was set in
VOSviewer. To ensure the thematic significance of the results,
the “Word Minimum Frequenc” parameter in biblioshiny was
set to five, restricting inclusion to terms with at least five
occurrences. Additionally, the “Number of Words per Year”
metric was limited to three to identify the most prominent
and representative keywords for each year. All network
visualizations were performed using the “Association Strength”
normalization method. Network analyses were conducted to
visualize co-authorship, co-citation, and keyword co-occurrence
relationships. Additionally, a thematic map was generated to
identify major research themes and their interconnections.
All bibliometric networks were visualized using VOSviewer’s
mapping and clustering algorithms. Ethical approval and
informed consent were not required, as the study did not
involve human or animal subjects.

RESULTS

Annual Publication Count and Co-authorship Analysis

Within the scope of the selected search terms, a total of 2,348
articles were published between 1987 and 2024, with an
average of 62 publications per year. In terms of annual output,
the fewest publications were recorded between 1987 and
1991 (1 article), whereas the highest number was observed in
2013 (130 articles). As illustrated in Figure 1A, the number of
publications shows a declining trend after 2013. Based on the
co-authorship analysis using VOSviewer, a network map, shown
in Figure 1B, was generated to identify the most interconnected
and collaborative authors. To ensure the significance of
the collaboration network, the co-authorship analysis was
conducted using a minimum threshold of one publication and
one citation per author. A total of 2,348 articles were authored
by 7,460 unique researchers, corresponding to a mean of 3.18
authors per article. The most highly cited authors were SongS.,
Miller K. D., and Abbott L. F. with 2,039 citations, followed by
Morris R. G. M., with 1,722 citations, and Celnik P, with 1,686
citations. In terms of total link strength (TLS), the top three
authors were Rowan M. J. (TLS: 87), Bramham C. R. (TLS: 87),
and Korte M. (TLS: 85).

Keyword Co-occurrence Analysis and Trend Topic Terms

From the 2,348 articles analyzed, a total of 2,760 keywords
were extracted, comprising both Author Keywords and
Keywords Plus terms indexed in the WoS database. The most
frequently used keywords (Figure 2A) were synaptic plasticity
(257 occurrences), hippocampus (256 occurrences), LTP (102
occurrences), Alzheimer’s disease (94 occurrences), and memory
(78 occurrences). Trend topic terms (Figure 2B), identified using
a minimum word frequency threshold of 5, were primarily
pathology, interleukin-1 beta, and gamma oscillations.

Thematic Map of Research Themes

The conceptual structure of research on synaptic plasticity
was further explored using the thematic map function in
biblioshiny (Figure 3). To ensure a comprehensive yet focused
representation, the analysis was conducted with a “number of
words” parameter set to 250, allowing for a broad inclusion
of terms. Additionally, the “minimum cluster frequency (per
thousand docs)” was set at 5, which normalized cluster inclusion
by requiring at least five occurrences per thousand documents.
According to the map, the cluster consisting of the terms “LTP”
synaptic plasticity, and “in vivo” is positioned among the basic
themes (lower-right quadrant), representing the conceptual
core and foundational framework of the field. In contrast, the
cluster comprising the terms “dentate gyrus,” “LTP” and “rat”
falls into the specialized themes category (upper-left quadrant);
indicating that while these topics exhibit relatively low
centrality, they represent highly developed and well-established
specialized sub-domains within the field. Furthermore, the
cluster containing the terms “Alzheimer’s disease” and “brain”
is located among the emerging or declining themes (lower-left
quadrant), suggesting that these neurodegenerative disease-
related topics, while associated with synaptic plasticity studies,
either represent newly emerging research directions or themes
experiencing a relative loss of importance. Overall, the thematic
map analysis indicates that the concepts of LTP and synaptic
plasticity constitute the field’s unchanging core research axis,
while research associated with Alzheimer’s disease forms
a subcluster with strong developmental potential, and its
integration into the field is ongoing.

Co-citation Analysis of Cited Authors

Co-citation refers to instances where two or more authors or
sources are cited together within the same publication. In
the present analysis, authors with at least 20 citations were
included. Figure 4A illustrates the co-citation network of
authors. The most frequently co-cited authors were Bliss (321
citations), Malenka (201 citations), and Abraham W.C. (150
citations). However, as shown in Figure 4B, the annual co-
citation rate demonstrated a declining trend after 2019.
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Figure 2. Keyword analysis and emerging trends. (A) Co-occurrence network of keywords showing the most frequent terms, (B)

overlay visualization of trend topic terms

Bibliographic Coupling of Organizations

To construct a network map of inter-institutional citation
relationships, a bibliographic coupling analysis was performed.
To ensure a comprehensive representation of institutional
impact, the inclusion criteria were set at a minimum of one
published work and one citation per organization.

Figure 5 delineates the citation relationshipsamonginstitutions.
The most represented institutions in terms of publication
count were Tokyo University (30 publications), Stanford
University (27 publications), and Johns Hopkins University (26
publications). The institutions affiliated with the most highly
cited publications were Stanford University (5,159 citations),
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Northwestern University (3,613 citations), and the University of
California, San Francisco (3,071 citations).

Bibliographic Coupling of Countries and Journals

A network map illustrating citation relationships among
countries was constructed based on the countries of origin
of the publications. To ensure robust analysis of global
interactions, the inclusion criteria were set to a minimum of one
publication and one citation per country. Analyses of citation
relationships were conducted for both countries and journals.
Figure 6A shows the publication and citation connections
among countries. In this network, the United States of America
(USA) dominated both citation counts (51,108 citations) and
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publication output (575 publications); Germany and China
ranked second and third in citations, while China and Germany
ranked second and third in publications. Figure 6 B shows the
citation network of journals. The Journal of Neuroscience led
the journal ranking, topping both citation counts (13,818 in the
citation network) and publication numbers (132 in the citation
network), with Nature Neuroscience (81 in the citation network)
and the Proceedings of the National Academy of Sciences of the
USA (44 in the citation network) completing the top three in
citations and TLS.

DISCUSSION

This bibliometric analysis characterizes research trends from
1987 to 2024 focusing on in vivo electrophysiological studies
of synaptic plasticity. The scientific framework of the field
began to take shape in the 1980s, following the foundational
discovery of LTP® in the previous decade and the subsequent
standardization of electrophysiological techniques. During the
first two decades of the analyzed period (the 1990s and 2000s),
research was primarily marked by a focus on the hippocampus
and its role in learning and memory'2. Our findings confirm
that historically, the concept of synaptic plasticity evolved
strictly around the core phenomena of LTP and LTD, with the

hippocampus receiving particular attention due to its critical
role in memory processes. However, bibliometric indicators
from 2010 to 2024 reveal a paradigm shift, with a growing
emphasis on disease models (e.g., Alzheimer’s disease, epilepsy,
depression), neuroinflammation, and oxidative stress'?*. This
thematic evolution provides crucial context for interpreting the
observed decline in annual publication counts after 2013 in our
dataset. Rather than indicating an actual decrease in scientific
interest, this trend likely reflects an evolving terminology in the
field. As research shifted toward specialized clinical applications
and pathologies, authors may have increasingly utilized highly
specific molecular, genetic, or disease-centric keywords rather
than the broader, foundational terms (“synaptic plasticity”
or “LTP/LTD”) required by our search strategy. Furthermore,
the diversification of the field toward advanced non-invasive
neuroimaging or in vitro human-derived cellular models falls
outside the scope of our strict in vivo electrophysiological
criteria and has thereby reduced the retrieval rate of relevant
studies in recent years.

Similarly, the reported decline in co-citation rates after 2019
should be interpreted cautiously. This trend represents a
natural bibliometric phenomenon related to the citation time
window; recently published articles inherently require a latency
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Figure 4. Co-citation analysis. (A) Co-citation network of authors (threshold: minimum 20 citations), (B) annual co-citation rate trends

period of several years to accumulate a substantial number
of citations compared to older, foundational papers. Despite
these terminological shifts and time-lag limitations, the high
citation density of articles published in high-impact journals
such as the Journal of Neuroscience, Nature Neuroscience, and
Proceedings of the National Academy of Sciences of the United
States of America indicates that in vivo synaptic plasticity
continues to hold a central position in neuroscience research.

Supporting this evolving landscape, our thematic map analysis
reveals that while the inclusion of “synaptic plasticity” and
“LTP” constitutes a significant research effort, the relatively
low centrality of “Alzheimer’s disease” data suggests that the
full incorporation of neurodegenerative data into the synaptic
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plasticity paradigm remains a matter of ongoing debate.
Furthermore, the most significant thematic shift identified
in the trend topic terms analysis is the transition from basic
synaptic functions to the specific molecular drivers of these
clinical neuropathologies™?%. In particular, the increasing
prominence of emerging keywords highlights a multi-
dimensional expansion in the field. This evolution spans
from the molecular and neuroinflammatory levels evidenced
by terms like interleukin-1 beta and pathology to systems
level network dynamics, reflected by the interest in gamma
oscillations. This trend confirms that understanding synaptic
plasticity impairments now requires integrating immunological
mechanisms with large-scale electrophysiological network
activities?”,
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most productive organizations

Analysis of author and institutional networks revealed that the
United States, Germany, and China hold leading positions in
research output and collaboration within the field. US-based
authors achieved the highest citation rate, with 2,039 citations
for the article titled “Competitive Hebbian Learning through
Spike-Timing-Dependent Synaptic Plasticity”™'. The notably
high citation counts associated with Stanford University and
Northwestern University indicate that these institutions have
made influential contributions, shaping the direction of
synaptic plasticity research. However, it was observed that most
collaboration networks remain confined to regional clusters,
with relatively few international partnerships. This pattern
suggests benefits of promoting greater interdisciplinary and
cross-national collaboration for future studies. In light of these
observed trends, advancing the understanding of neural circuits
and developing therapeutic targets for neurodegenerative
and neuropsychiatric disorders may increasingly rely on
multidisciplinary methodological integration.

Study Limitations

Although this study provides a comprehensive bibliometric
overview, it is limited to data from the WoS database and to
publications written in English. One of its main limitations is
the exclusion of research indexed in other databases, such as
Scopus and PubMed, which may have led to the omission of
relevant studies. Additionally, restricting the analysis to journal
articles excluded other forms of scholarly output, such as
conference proceedings and book chapters, which potentially
limited the early identification of emerging research trends.
Future research could broaden the global perspective of the
field by incorporating multiple databases and publications in
different languages, thereby providing a more comprehensive
representation of in vivo synaptic plasticity research worldwide.

Furthermore, the restrictive nature of our search strategy
specifically the requirement for the terms “in vivo” and “LTP/
LTD”, constitutes a limitation and may introduce selection
bias affecting the dataset’s representativeness. Consequently,
this study does not cover the entirety of research on synaptic
plasticity. Substantial bodies of literature employing in vitro
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Figure 6. Global and journal-based citation networks. (A) Publication and citation connection maps for the most active countries, (B)

citation network of leading journals in the field

slice electrophysiology, advanced cellular imaging, and
broader molecular frameworks of plasticity were intentionally
excluded. Therefore, our findings should be interpreted not as
a universal map of all plasticity research but as a specialized
bibliometric representation of systems level in vivo functional
network dynamics.

CONCLUSION

This study presents a bibliometric mapping of research
on synaptic plasticity utilizing in vivo electrophysiological
methods between 1987 and 2024. The results indicate that
the field possesses a well-established core, while appearing to
diversify through a growing focus on clinical pathologies and
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inflammatory mechanisms. Although LTP and LTD remain
the central concepts of this research, bibliometric indicators
from 2021 to 2024 suggest an increasing interest in specific
topics including pathology, interleukin-1 beta, and gamma
oscillations. This analysis provides an observational framework
for understanding the historical dynamics of the field and
highlights potential opportunities for future research and
interdisciplinary collaboration.
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Immunohistochemical Evaluation of Placental NRG-1 Expression
in Pregnant Women with Gestational Diabetes Mellitus

Gestasyonel Diabetes Mellitus Tanisi Alan Gebelerde Plasental NRG-1 Ekspresyonunun
Immunohistokimyasal Olarak incelenmesi
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ABSTRACT

Aim: Gestational diabetes mellitus (GDM) is a significant pregnancy complication that threatens maternal and fetal health. Understanding the
histopathological effects of GDM on the placenta and potential molecular markers is crucial for the diagnosis and treatment of the disease. Neuregulin-1
(NRG-1), which plays a role in cell proliferation, differentiation, and glucose metabolism, is one of the most promising candidate molecules in this
context. This study aimed to compare histopathological findings and NRG-1 expression in the placentas of pregnant women diagnosed with GDM
and healthy women using immunohistochemical methods and to identify potential micromorphological and molecular changes specific to GDM.

Materials and Methods: Study groups included Group 1 (control, n=22) healthy pregnant women and Group 2 (GDM, n=22) pregnant women
diagnosed with GDM. Hematoxylin and eosin (H&E) and NRG-1 immunohistochemical staining were performed on all placental tissues. H&E sections
were evaluated for villous edema, fibrinoid accumulation, fetal capillaries, and syncytial knots. Immunohistochemical staining intensity was classified
as negative (-), weak (+), moderate (++), and strong (+++). Demographic data and vital signs were analyzed using SPSS.

Results: In the GDM group, compared to the control group, an increase in the number of villi, villous edema, dilatation of fetal capillary structures
and an increase in the number of capillaries, an increase in syncytial knot formation, significant fibrinoid accumulation, and an increase in NRG-1
expression in the trophoblast cells around the villi, villous mesenchymal stromal cells, and vascular endothelial cells were detected in the examined
placenta sections.

Conclusion: GDM has been shown to cause pathological alterations in the placenta at the light microscopic level while also increasing NRG-1
expression. This study is the first to investigate the role of NRG-1 in placental tissues obtained from GDM cases. NRG-1 appears to be a potential
marker in the pathophysiology of GDM, underscoring the need for further studies in this field.

Keywords: Gestational diabetes mellitus, neuregulin-1, placenta, immunohistochemistry

0z
Amag: Gestasyonel diabetes mellitus (GDM), anne ve fetiis saghgini tehdit eden 6nemli bir gebelik komplikasyonudur. GDM’nin plasenta tizerindeki
histopatolojik etkilerini ve olasi molekiiler belirtecleri anlamak, hastaligin tanisi ve tedavisi icin cok onemlidir. Hiicre proliferasyonu, farklilasmasi ve
glikoz metabolizmasinda rol oynayan norogulin-1 (NRG-1), bu baglamda en umut verici aday molekiillerden biridir. Bu ¢calismada, GDM tanisi alan
ve saglikh gebe kadinlarin plasentalarinda histopatolojik bulgular ve NRG-1 ekspresyonunun immiinohistokimyasal yontemlerle karsilastiriimasi ve
GDM’ye 0zgii olasi mikromorfolojik ve molekiler degisikliklerin belirlenmesi amaclanmistir.
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Gereg ve Yontem: Calisma gruplari; Grup 1 (kontrol, n=22) saglikl gebeler ve Grup 2 (DM, n=22) GDM tanil gebelerden olusmustur. Tim plasental
dokulara hematoksilen ve eozin (H&E) ve NRG-1 immiinohistokimyasal boyama uygulanmistir. H&E kesitlerinde villoz 6dem, fibrinoid birikim, fetal
kapiller ve sinsityal diigiimler degerlendirilmistir. immiinohistokimyasal kesitlerde boyanma yogunlugu; negatif (-), diisiik (+), orta (++), ve yiiksek
(+++) olarak siniflandiniimistir. Demografik veriler ve vital bulgular SPSS programi ile analiz edilmistir.

Bulgular: GDM grubunda kontrol grubuna gore; incelenen plasenta kesitlerinde villus sayisinda artis, villoz 6dem, fetal kapiller yapilarinda
dilatasyon ve kapiller sayisinda artis, sinsityal diigiim olusumunda artis ile belirgin fibrinoid birikimi ve villus cevresindeki trofoblast hiicrelerinde,
villus mezenkimal bag doku hiicrelerinde ve damar endotel hiicrelerinde NRG-1 ekspresyonunda artis tespit edilmistir.

Sonug: GDM, plasentada isik mikroskobik diizeyde patolojik degisikliklere neden olmakla birlikte NRG-1 ekspresyonunu artirmistir. Bu ¢alisma, GDM
tanili olgulara ait plasental dokularda NRG-1 roltinii inceleyen literattirdeki ilk calismadir. NRG-1, GDM patofizyolojisinde potansiyel bir belirteg

gorevi gorebilmekte ve bu alanda daha fazla arastirma gerekmektedir.

Anahtar Kelimeler: Gestasyonel diabetes mellitus, nérogulin-1, plasenta, immiinohistokimya

INTRODUCTION

Gestational diabetes mellitus (GDM) refers to glucose
intolerance that begins during pregnancy or is first detected
during pregnancy'. According to the 2017 guidelines of the
International Diabetes Federation, hyperglycemia during
pregnancy is estimated to occur in 16.2% of pregnancies, or
approximately 21.3 million live births. Of these cases, an
estimated 86.4% are due to GDM, 6.2% to pre-gestational
diabetes (diagnosed before pregnancy), and 7.4% to other types
of diabetes first diagnosed during pregnancy (including type 1
and type 2 diabetes)?. Risk factors for GDM include overweight/
obesity, advanced maternal age, Western-style diet}, ethnic
background®, polycystic ovary syndrome, and a family history
of insulin resistance and/or diabetes'>. It is noted that each
of these risk factors is directly or indirectly associated with
impaired pancreatic B-cell function and/or insulin sensitivity®.

GDM increases the risk of pregnancy complications such
as preterm birth and preeclampsia’. Exposure to maternal
hyperglycemia during pregnancy leads to hyperinsulinemia
in the fetus, and it has been shown that this condition
increases the risk of macrosomia, neonatal hypoglycemia,
hyperbilirubinemia, etc.®. Babies born to mothers with GDM are
at high risk for obesity, type 2 diabetes mellitus, cardiovascular
disease, and related metabolic disorders in the long term®".
It has been reported that women with a history of GDM have
an increased risk of developing type 2 diabetes mellitus later
in life'>, and that their risk of cardiovascular disease also
increases due to changes in their vascular structures'°.

The placenta functions as a specialized organ that facilitates
the exchange of substances between the mother and the fetus
during pregnancy. It is responsible for transferring maternal
nutrients and oxygen to the fetus and for transporting waste
products accumulated in the fetus back into the maternal
circulation. Additionally, the placenta produces hormones that
regulate maternal physiology during pregnancy and acts as a
barrier against the maternal immune system. It separates the
maternal and fetal circulations, which are in contact through

various surfaces. Because the placenta is situated between
the maternal and fetal circulations, it is exposed to both the
mother’s and the fetus’s diabetes-related endocrine and
metabolic disorders'". It has been reported that maternal
hyperglycemia can affect fetal development by influencing
placental structure and vascularization?®, and may increase the
risk of maternal and fetal complications as well as perinatal
morbidity and mortality?'.

In the presence of GDM, the placenta is thought to play a
triggering role in inflammatory processes. It has been noted that
the interaction between adipose tissue and the placenta may
contribute to the development of both systemic inflammation
and insulin resistance. These two tissue types produce
high levels of various pro-inflammatory mediators such as
interleukin (IL)-6, IL-8, tumor necrosis factor-alpha, resistin,
and leptin?*2?. In GDM, the balance between pro-inflammatory
and anti-inflammatory cytokines in the placenta is disrupted®.
It has been reported that GDM increases the risk of perinatal
mortality and morbidity by causing abnormal development of
the placenta and umbilical cord, and is therefore a significant
public health issue®.

Neuregulin-1 (NRG-1) is @ member of the neuregulin family.
Encoded and produced by the NRG-7 gene, it undergoes various
modifications both within and outside the cell. Different
isoforms of the NRG-1 molecule play roles in various signaling
pathways. It is noted that NRG-1-related signaling pathways are
essential for the proper functioning of many systemsin the body.
Within the cell, NRG-1 plays a role in numerous mechanisms,
including growth, proliferation, differentiation, and cell death.
Studies have shown that NRG-1 and its associated signaling
pathways play a role in the pathophysiology of neurological,
psychiatric, cardiovascular,and many other diseases?*?®. Glucose
metabolism is also among the physiological mechanisms
in which NRG-1 is involved. It has been reported that NRG-
1 plays a role in the pathophysiology of GDM, a condition
characterized by impaired glucose metabolism?; however,
the exact mechanism by which NRG-1 exerts its effects in GDM
remains unclear.
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The aim of this study is to evaluate the histopathological effects
of GDM on the placenta and changes in NRG-1 expression.
Placental samples obtained from healthy and GDM-affected
pregnant women were examined histopathologically and for
NRG-1 expression using immunohistochemical methods.

MATERIALS AND METHODS

Groups

This study was conducted using placental tissue samples
obtained from volunteer pregnant women who presented
to the Obstetrics and Gynecology Outpatient Clinic at Mugla
Sitki Kogman University Faculty of Medicine and who agreed
to participate by reading and signing the informed consent
form. For this study, approval was obtained from the Mugla
Sitki Kocman University Clinical Research Ethics Committee
on January 16, 2020, under decision no. 01/VI, confirming
that the study was ethically appropriate. Human rights were
protected in accordance with the principles of the “Declaration
of Helsinki as revised in 2013.” A total of 44 pregnant women
were included in the study. Study groups: The study consisted
of two groups: Group 1 (Control group), comprising healthy
pregnant women with no underlying conditions (n=22), and
Group 2 (GDM group), comprising pregnant women diagnosed
with GDM (n=22). The control group consisted of healthy
pregnant women who presented to the outpatient clinic and
had no history of coronary artery disease, liver disease, kidney
disease, or preeclampsia. The pregnant women underwent
routine prenatal examinations performed by an obstetrician-
gynecologist. The GDM diagnosis was made based on the results
of a single-step 75 g oral glucose tolerance test performed
between the 24™ and 28" weeks of gestation, following at least
an 8-hour overnight fast, in women without a known history
of diabetes. Fasting, one-hour, and two-hour blood glucose
levels were measured; a diagnosis of GDM was made if any of
these values were equal to or higher than the threshold values.
Threshold values were determined in accordance with the 2010
IADPSG recommendations as fasting >92 mg/dL, first hour >180
mg/dL, and second hour >153 mg/dL*.

Inclusion Criteria

For the control group, healthy pregnant women aged 18-
40 years who were in their 38"-40" week of gestation were
included. For the GDM group, pregnant women aged 18-40
years who were in their 38"-40™" week of gestation, had been
diagnosed with GDM, were managed with diet, and were not
receiving insulin therapy were included.

Exclusion Criteria

Participants with severe physical illness, alcohol, tobacco,
or illicit drug use; preeclampsia; liver or kidney failure; any
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endocrine disorder; those with a history of gastric or intestinal
surgery, those who had received medical treatment for any
reason within the past three months, cases with chronic
inflammation or infection, cases with fetal biometry outside
the 10M-90™ percentile on obstetric ultrasound, and cases
diagnosed with GDM who were receiving insulin therapy were
excluded from the study.

Histopathological Analysis

Placenta samples obtained from women who had given birth
were washed with physiological saline solution. The tissue
samples were placed in a 10% formalin solution for fixation
and left to stand for 24 hours. Subsequently, the tissues were
rinsed under running water for 24 hours to remove the fixative.
Following dehydration and clearing using a tissue processor,
the tissues were embedded in paraffin. Sections 5 um thick
were cut using a microtome (Thermo Scientific Finesse Me+),
stained with hematoxylin and eosin (H&E), and evaluated using
a light microscope (Nikon Eclipse 80i).

Immunohistochemical Analysis

Following deparaffinization, the sections were placed in a series
of decreasing alcohol concentrations (96%, 96%, 80%, 70%)
to initiate the hydration process. Hydration was completed
by soaking the sections in distilled water for 5 minutes. For
antigen retrieval, the sections were boiled in citrate buffer for
5-10 minutes and then left to cool without removing the citrate
buffer. The cooled sections were washed with Phosphate-
Buffered Saline (PBS). The borders of the sections were outlined
with a hydrophobic pen PAP pen. Endogenous peroxidase was
blocked (3% H,0,), followed by washing with PBS. Protein
blocking solution was applied to the sections and left for
5 minutes, after which the blocking solution was removed
without washing. The anti-NRG-1 primary antibody (Santa
Cruz Biotechnology, cat: sc-393006) was applied to the sections
at the dilution recommended by the manufacturer, and the
sections were incubated at 4 °C in a humid environment for
24 hours. Staining procedures were performed in accordance
with the manufacturer’s protocol. Negative control sections
were prepared to assess staining specificity; in the negative
control, PBS was used instead of the primary antibody,
and no specific staining was observed. The sections were
then washed with PBS solution. A biotinylated secondary
antibody compatible with the primary antibody was added
and incubated at room temperature for 20 minutes. In the
next step, horseradish peroxidase was applied and incubated
for 10 minutes. After washing with PBS, the chromogenic
substrate 3,3'-diaminobenzidine was added and incubated
until a color change was observed. After washing with PBS,
the nuclei were stained with Mayer’s hematoxylin. Following
these procedures, the sections were sealed with Entellan.
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For immunohistochemistry (IHC) analysis, the sections were
evaluated by two independent and blinded histologists using a
light microscope (Nikon Eclipse 80i) at 20X magnification. Based
on staining intensity, the sections were classified as unstained
(), weakly stained (+), moderately stained (++), and strongly
stained (+++). Inter-observer agreement for IHC scoring was
assessed using Cohen’s kappa test, and the kappa value was
found to be 0.82.

Statistical Analysis

The required sample size for the statistical analyses planned in
the study was calculated using the G* Power 3.1.9.7 software.
For the analysis, the t-test for independent samples was
selected to compare the difference between the means of
two independent groups. The power analysis was conducted
a priori (predefined); the effect size (Cohen’s d) was set at 0.78,
the a error level at 0.05, and the statistical power (1-f) at 0.80.
A one-tailed test was assumed. Based on these parameters, the
calculation resulted in @ minimum required sample size of 22
for each group (44 in total for both groups).

Statistical analysis of the data was performed using the SPSS
14 statistical software (SPSS Inc., Chicago, IL, USA). Continuous
variables are presented as mean * standard deviation or
median and 25" to 75" percentiles. The normality of the data
was assessed using the Kolmogorov-Smirnov or Shapiro-Wilk
test. Mean differences between the control and study groups
were compared using the Student’s t-test. Continuous variables
that did not follow a normal distribution were evaluated using
the Mann-Whitney U or Kruskal-Wallis tests, depending on the
numberofindependentgroups.Variablesthatfollowed anormal
distribution (gravidity, number of living children, number of
miscarriages, gestational age at delivery, birth weight, systolic
blood pressure, diastolic blood pressure, and hemoglobin level)
were compared between groups using Student’s t-test, whereas
variables that did not follow a normal distribution (fasting
glucose level) were analyzed using the Mann-Whitney U test.
NRG-1 expression was assessed semi-quantitatively (~/ + / ++
/ +++), and differences in distribution between groups were
evaluated using the chi-square test. A p-value of <0.05 was
considered statistically significant.

RESULTS

The clinical and demographic characteristics of a total of 44
pregnant women are presented in Table 1. No statistically
significant differences were observed between the control and
GDM groups in terms of gravidity, number of living children,
number of miscarriages, gestational age at delivery, birth
weight, systolic blood pressure, diastolic blood pressure, and
hemoglobin levels. Blood glucose levels were significantly
higher in the GDM group compared to the control group
(p<0.05).

Histopathological Findings

Placentas from the control and GDM groups were examined
in H&E-stained sections. Sections from the control group
demonstrated normal histological architecture of stem villi,
terminal villi, fetal capillaries within the villous stroma, and the
syncytiotrophoblast layer. In the control group, syncytial knots
were observed, and fetal capillaries were identified within
the villous stroma. The intervillous spaces showed normal
histological architecture, with no evidence of pathological
dilatation or narrowing. Minimal fibrinoid deposition was
observed in the intervillous and perivillous areas (Figure 1).
Sections from the GDM group showed an increased number of
villiand villous edema. Dilatation and increased number of fetal
capillarieswithin the villous stroma were observed. An increased
number of syncytial knots was noted. The intervillous spaces
were generally narrowed; however, dilatation was observed in
areas with fibrinoid deposition. Prominent fibrinoid deposition
was identified in the intervillous, perivillous, and intravillous
areas (Figures 1-3).

Immunohistochemical Findings

Placental NRG-1 expression, as previously described in the
literature, was observed in both the nucleus and cytoplasm
of the cells*'. In the control group, placental NRG-1 expression
showed weak staining (+) in trophoblast cells surrounding the
villi, whereas nostaining(—) was detected in villous mesenchymal
stromal cells and vascular endothelial cells (Table 2, Figure 4).
In the GDM group, placental NRG-1 expression showed strong
staining (+++) in trophoblast cells surrounding the villi, while

Table 1. Demographic and clinical characteristics and laboratory data of the groups

C .. . | Number of Gestational oD Systolic Diallic Blood glucose i . Maternal
Groups Gravidity” | Parity . . e o Infant weight blood blood = hemoglobin -
miscarriages™ | week 5 - level s age
pressure pressure level
(Cnozn;rz())l 2(1-2) 2(1-2) | 0.40+1.14 38 (34-41) 3229.091+623.63 113.13£16.65 | 72.40+10.41 | 90.86+12.61 11.82£0.95 27.13+4.38
(GnDzlgz) 2(1-3) 1(1-2) | 0.45%0.73 38 (35-41) 3300.90+386.52 116.36£16.19 | 71.50£10.04 | 104.31+£17.37¢ | 11.78+£1.10 28.2214.38
p-values | 0.682 0.399 | 0.252 0.666 0.622 0.300 0.852 0.015 0.906 0.778
“Expressed as median and 25"75" percentiles, “Data are presented as frequency (percentages in parentheses) or mean + standard deviation, except for descriptive statistics. *Control vs. gestational
diabetes mellitus p=0.015. GDM: Gestational diabetes mellitus
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weak staining (+) was detected in villous mesenchymal stromal
cells and vascular endothelial cells (Table 2, Figure 4).

DISCUSSION

GDM is defined as glucose intolerance with onset or first
recognition during pregnancy'. Histopathological changes in
placental tissue associated with GDM have been demonstrated
in numerous studies, with largely consistent findings reported
in the literature. In particular, an increase in syncytial knots,
villous stromal edema, and fibrinoid deposition have been

Figure 1. Placental sections from all groups

(@) In the placental section of the control group, stem villus,
free villus, syncytial knot (arrow), and syncytial bridge
(arrowhead) were observed (H&E; X100). (b) In the placental
section of the control group, chorionic villi, syncytial knot
(arrow), intervillous space, and fibrinoid material deposits
(asterisk) were observed (H&E; X100). (¢) In the placental
section of the GDM group, chorionic Vvilli, increased
fibrinoid material deposition (asterisk), and syncytial bridge
(arrowhead) were observed (H&E; X100). (d) In the placental
section of the GDM group, chorionic villi, increased fibrinoid
material deposition (asterisk), and an increased number of
syncytial knots (arrow) were observed (H&E; X100).

GDM: Gestational diabetes mellitus, H&E: Hematoxylin and eosin”.
No other changes are required

Table 2. Anti-NRG-1 immunoreactivity

Villus Endothelial cells
Trophoblast . X
mesenchymal | in the villus
Groups cells around X
L connective mesenchymal
the villi R L
tissue cells connective tissue
Group 1 (Control N
group)
Group 2 (GDM . N N
group)
GDM: Gestational diabetes mellitus, NRG-1: Neuregulin-1
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Figure 2. Placental sections from the GDM group

(@) Villous edema (arrowhead) was observed (H&E; X100). (b)
Villous edema (arrowhead) and fibrinoid material deposits
(asterisk) were observed (H&E; X200). (c) Fetal capillary
structures in the villous stroma (arrow) and fibrinoid material
deposits (asterisk) were observed (H&E; X100). (d) Fetal
capillary structures (arrow) and fibrinoid material deposits
(asterisk) were observed (H&E; X200)

GDM: Gestational diabetes mellitus, H&E: Hematoxylin and eosin

Figure 3. Placental sections from the GDM group (a) Syncytial
knot structures (arrow) were observed (H&E; X200). (b)
Villous edema (arrowhead) and fibrinoid material deposition
(asterisk) were observed (H&E; X200). (c) Syncytial knot
structures (arrow), fibrinoid material deposition (asterisk),
and dilatation of fetal capillaries within the villous stroma
(plus sign) were observed (H&E; X200). (d) Fibrinoid material
deposits (asterisk) were observed (H&E; X200)

GDM: Gestational diabetes mellitus, H&E: Hematoxylin and eosin
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Figure 4. NRG-1 immunoreactivity (a-c) anti-NRG-1T immunoreactivity in placental sections from the control group (X200). (d-f) anti-
NRG-1 immunoreactivity in placental sections from the GDM group (X200)

GDM: Gestational diabetes mellitus, NRG-1: Neuregulin-1

consistently reported in multiple studies’®®”. In addition to
these common findings, several specific histopathological
alterations have also been reported: villous agglutination and
chorangiosis by Aldahmash et al.?%; increased villous number
and villous vascularity by EISawy et al.**; chronic inflammation
and villous infarction by Lai et al.®*; proliferation of fetal
capillaries by Verma et al.>*; fibrinoid deposition in perivillous
areas by Meng et al.*; and villous immaturity by Gheorman et
al.’”. These differences suggest that GDM exerts complex effects
on placental micromorphology not only at the structural level
but also at the immunological and vascular levels.

In our study, placental samples obtained from cases diagnosed
with GDM were histopathologically evaluated using H&E staining
and compared with those of the control group. An increased
number of villi, villous edema, dilatation and increased number
of fetal capillaries, a marked increase in syncytial knots, and
widespread fibrinoid deposition in the intervillous, perivillous,
and intravillous areas were identified. A substantial proportion
of these findings is consistent with previous studies investigating
placental changes associated with GDM. In particular, increased
syncytial knots, villous stromal edema, and fibrinoid deposition
have been frequently reported in earlier studies®>*’, and these
changes are among the characteristic features of placental
remodeling associated with GDM. However, some findings
observed in our study, particularly prominent dilatation of

stromal capillaries and increased capillary density, have been
reported to a limited extent in the literature®**; in our study,
these vascular changes were more widespread and pronounced.
In addition, the accumulation of fibrinoid material not only in
the perivillous area but also in the intervillous and intravillous
areas represents a noteworthy finding that has been rarely
emphasized in the existing literature®®*. In this respect, our
study may provide novel contributions to the understanding of
placental micromorphology in GDM.

NRG-1, a member of the neuregulin family, is thought to play
an important role in pathological conditions characterized
by impaired glucose metabolism, such as diabetes, obesity,
and metabolic syndrome; however, the mechanisms by
which NRG-1 contributes to dysregulated glucose metabolism
remain unclear. In vitro studies have demonstrated that NRG-1
treatment increases the expression of the GLUT4 transporter in
muscle cells and activates glucose uptake. These effects have
been reported to be mediated through signaling pathways
such as PI3K—PDK1-PKC{ and ERK1/2—Akt*. These molecular
mechanisms suggest that NRG-1 may contribute to glucose
homeostasis through insulin-like pathways. Further studies are
needed to clarify the mechanisms by which NRG-1 is involved
in the pathophysiology of diabetes and to determine whether
NRG-1 has potential therapeutic effects.
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In a study by Zhang et al.??, serum NRG-1 levels were evaluated
in 36 pregnant women with GDM at 24-28 weeks of gestation;
serum NRG-1 levels were found to be higher in the GDM
group compared to the control group. In a study by Lee et al.*
investigating the genetic relationship between pre-pregnancy
obesity and GDM, no statistically significant difference in NRG-
7 gene expression was reported between GDM patients with
and without pre-pregnancy obesity. In another study by Lee
et al.*, psychiatric conditions such as anxiety, depression, and
stress were found to be more prevalent in patients with GDM
compared to healthy pregnant women, and one of the genes
associated with these conditions was reported to encode the
NRG-1 protein.

As previously discussed in the literature, several studies have
examined the association between GDM and NRG-1; however,
to the best of our knowledge, no study to date has assessed
NRG-1 expression in placental samples from patients with GDM.

In our study, NRG-1 expression was evaluated in placental
tissue samples from patients with GDM using the IHC method.
NRG-1 expression was found to be higher in placental samples
obtained from patients with GDM compared to the control
group. This finding is consistent with a clinical study reporting
elevated serum NRG-1 levels in patients with GDM%, as well
as with findings from diabetic animal models®. The observed
endogenous increase suggests a compensatory response to
oxidative stress, inflammation, and cellular damage associated
with hyperglycemia. However, increased NRG-1 expression does
not necessarily indicate an improvement in the underlying
pathophysiology. Despite this increase, the biological
activity of endogenous NRG-1 may remain limited due to
impaired receptor sensitivity, dysregulation of intracellular
signaling pathways, and insufficient levels of active NRG-
1 reaching target tissues. In contrast, recombinant NRG-1
administration provides a pharmacologically potent signal
that exceeds physiological levels, thereby enhancing glucose
uptake, more robustly activating PI3K/Akt and ERK pathways,
and alleviating vascular and mitochondrial damage®+.
Therefore, the coexistence of increased endogenous NRG-1
levels and the need for recombinant NRG-1 therapy does not
represent a contradiction; rather, it reflects the insufficiency
of the endogenous compensatory response and the superior
therapeutic potential of exogenous treatment.

In addition to GDM, NRG-1 has also been reported to play a
role in other pregnancy-related disorders. In a study by Kilis
et al.®", in which placental NRG-1 expression was evaluated by
IHC in pregnancies complicated by preeclampsia, the intensity
of anti—-NRG-1 staining around the villi was reported to be
lower in the preeclampsia group compared with controls. In
an experimental study by Arutjunyan et al.®}, decreased
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placental NRG-1 levels were observed in pregnant rats with
prenatal hyperhomocysteinemia. These differences suggest
that NRG-1 expression may be subject to distinct regulatory
mechanisms depending on the pathophysiological processes
occurring during gestation. While the increase observed in
GDM may reflect a compensatory response to hyperglycemia,
the decrease observed in conditions such as preeclampsia
or hyperhomocysteinemia may be related to endothelial
dysfunction and placental oxidative stress suppressing NRG-
1 expression. Therefore, alterations in NRG-1 levels may be
associated with distinct pathwaysspecifictothe etiopathogenesis
of each condition. In this context, the changes in placental
NRG-1 expression observed in GDM may be linked to disease-
specific compensatory and pathophysiological mechanisms;
however, the clinical significance of this association requires
further elucidation through advanced molecular and functional
studies.

Study Limitations

Although this study achieved its intended objectives, it has
certain limitations. The most notable limitation is the absence
of biochemical analyses, given that GDM is a multisystem
disorder. In addition, patients receiving insulin therapy were
excluded from the GDM group to ensure a homogeneous study
population. Future studies are planned to compare patients
with and without insulin requirements. Another significant
limitation is the absence of body mass index (BMI) data. Given
the potential effects of obesity on both the development of
GDM and NRG-1 expression, the inability to include BMI in the
analyses may limit the interpretation of the findings. Finally,
the absence of advanced imaging techniques, such as electron
microscopy and fluorescence microscopy, which could enhance
the accuracy and interpretability of the data, constitutes
another limitation of this study.

CONCLUSION

In conclusion, it appears that diabetes occurring during
pregnancy may lead toabnormalities in NRG-1 expression as well
as placental defects. It is thought that this condition may stem
from the effects of NRG-1 on embryogenesis and angiogenesis.
This study is the first to demonstrate histopathological changes
in the placenta in cases of GDM and to address the role of NRG-
1. In this regard, it will make a significant contribution to the
literature at a foundational level.
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A Young Woman Diagnosed with Takayasu Arteritis:
A Comprehensive Case Report

Takayasu Arteriti Tanist Almis Geng Bir Kadin: Kapsamli Bir Olgu Sunumu
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ABSTRACT

Takayasu arteritis (TAK) is a rare, chronic large-vessel vasculitis that primarily affects the aorta and its major branches. It is more prevalent in Asian
populations, with significant geographical variations. The disease predominantly affects women, typically in their second or third decade of life.
Diagnosis is challenging due to its non-specific symptoms and lack of definitive laboratory tests, relying mainly on clinical suspicion and imaging.
The 2022 American College of Rheumatology/European League Against Rheumatism criteria for TAK diagnosis require patients to be under 60
and have imaging findings consistent with large-vessel vasculitis. Additional clinical and imaging features contribute to a scoring system, with
a total of 5 or more confirming the diagnosis. This case report describes a 26-year-old woman with no previous medical conditions, presenting
with recurrent fever and weight loss. Clinical examination revealed a difference in pulse and blood pressure between the arms, suggestive of
vascular involvement. Laboratory findings included elevated erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels, with no other
abnormalities. Computed tomography (CT) angiography did not reveal vascular changes, but positron emission tomography (PET)/CT demonstrated
mild increased fluorodeoxyglucose uptake in the right subclavian artery, consistent with vasculitis. The patient was diagnosed with TAK and treated
with methotrexate and corticosteroids, resulting in significant improvement in inflammatory markers and clinical symptoms. By the sixth month,
both ESR and CRP had normalized. This case highlights the importance of evaluating acute phase reactants, comparing pulses and blood pressure
in both arms, and considering TAK in young female patients with recurrent systemic symptoms. Imaging plays a central role, with PET/CT offering
superior sensitivity in detecting early inflammatory changes compared to CT angiography. The patient’s classification as type | TAK, with isolated
subclavian artery involvement, aligns with common angiographic patterns seen in Ttrkiye. Overall, this case underlines the diagnostic value of PET/
CT and reinforces awareness of TAK’s variable presentation.

Keywords: Takayasu arteritis, vasculitis, subclavian artery, PET/CT

0z

Takayasu arteriti (TAK), baslica aorta ve aortanin ana dallarini tutan nadir, kronik bir biyiik damar vaskiilitidir. Asya toplumlarinda daha sik
gorilmekte olup belirgin cografi farkhliklar gostermektedir. Hastalik cogunlukla kadinlari etkiler ve genellikle yasamin ikinci veya ticlincii dekadinda
ortaya ¢ikar. Tani, 6zgil olmayan semptomlar ve kesin tani koydurucu laboratuvar testlerinin bulunmamasi nedeniyle giictiir; bu nedenle temel
olarak klinik stiphe ve gortintiileme bulgularina dayanir. Takayasu arteriti tanisi icin 2022 American College of Rheumatology/European League
Against Rheumatism kriterlerine gore hastalarin 60 yasin altinda olmasi ve biiyiik damar vaskdiliti ile uyumlu goriintiileme bulgularinin bulunmasi
gerekmektedir. Ek klinik ve gortintiileme ozellikleri puanlama sistemine katki saglar ve toplam puanin 5 veya tizerinde olmasi taniyi destekler. Bu olgu
sunumunda, daha 6nce bilinen herhangi bir hastaligi olmayan, tekrarlayan ates ve kilo kaybi ile basvuran 26 yasinda bir kadin hasta sunulmaktadir.
Klinik muayenede kollar arasinda nabiz ve kan basinci farki saptanmis olup bu bulgu vaskiiler tutulumu distiindtrmistiir. Laboratuvar bulgularinda
eritrosit sedimantasyon hizi (ESR) ve C-reaktif protein (CRP) diizeylerinde yiikseklik izlenmis, bunun disinda ek bir anormallik saptanmamistir.
Bilgisayarli tomografi (BT) anjiyografide vaskiler degisiklik izlenmezken, pozitron emisyon tomografisi (PET)/BT'de sag subklavian arterde vaskdilit ile
uyumlu hafif artmis florodeoksiglukoz tutulumu gosterilmistir.
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Hastaya TAK tanisi konulmus ve metotreksat ile kortikosteroid tedavisi baslanmistir. Tedavi sonucunda enflamatuvar belirteclerde ve klinik
semptomlarda belirgin iyilesme saglanmistir. Altinci ayda hem ESR hem de CRP diizeyleri normale donmiistiir.

Bu olgu, tekrarlayan sistemik semptomlar olan genc¢ kadin hastalarda akut faz reaktanlarinin degerlendirilmesinin, her iki kolda nabiz ve kan
basincinin karsilastiriimasinin ve TAK tanisinin akilda tutulmasinin énemini vurgulamaktadir. Gortintiileme tanida merkezi bir role sahiptir; PET/
BT, erken enflamatuvar degisikliklerin saptanmasinda BT anjiyografiye kiyasla daha yiiksek duyarlilik saglayabilir. Hastanin izole subklavian arter
tutulumu ile tip 1 TAK olarak siniflandiriimasi, Ttrkiye’de goriilen yaygin anjiyografik paternlerle uyumludur. Genel olarak bu olgu, PET/BT'nin tanisal
degerini ortaya koymakta ve TAK'in degisken klinik sunumu konusunda farkindaligin 6nemini desteklemektedir.

Anahtar Kelimeler: Takayasu arteriti, vaskiilit, subklavyen arter, PET/BT

INTRODUCTION

Takayasu arteritis (TAK) is an uncommon, persistent
inflammatory disease targeting large blood vessels, primarily
the aorta and its main branches'. Although TAK occurs globally,
it is believed to affect the Asian population disproportionately
more. In Japan, the highest recorded prevalence has been
estimated at 40 cases per million people, whereas in the United
States, the lowest documented rate is approximately 0.9 cases
per million?. In a study conducted in the United Kingdom, the
average prevalence of TAK was determined to be 4.7 cases per
million population?. In a retrospective cohort study comprising
1,011 patients diagnosed with TAK, the mean age at disease
onset was 32.5+15.1 years. Of the total study cohort, 763
participants were female, comprising 75.5% of the population
and yielding a female-to-male ratio of 3.1:1%. In another cohort
study involving 852 patients diagnosed with TAK, the median
age at disease onset was reported to be 25 years®. The female-
to-male ratio demonstrates regional variability. In a study
conducted in Southern Norway, the female-to-male ratio was
reported as 6.8:1, whereas in the United States, this ratio was
identified as 4.2:1%7. This condition is broadly recognized as
panarteritis, with the earliest signs of inflammation commonly
appearing near the vasa vasorum and at the interface between
the media and adventitia layers®.

Vascular remodeling characterized by segmental stenosis and/
oraneurysm formation is a hallmark of TAK. Gaininginsight into
the underlying mechanisms of TAK is essential for advancing
accurate diagnostic approaches and effective treatment
methods. The disease is believed to have an autoimmune
basis, in which dysregulated immune responses lead to chronic
vascular inflammation. Because clinical symptoms are often
vague and there are no conclusive diagnostic tools available,
making an accurate diagnosis is especially difficult®.

Invasive modalities such as angiography have largely been
replaced by non-invasive options like fluorodeoxyglucose-
positron emission tomography (FDG-PET) scanning, computed
tomography angiography (CTA), magnetic resonance imaging/
angiography (MRI/MRA), and ultrasound (US). An optimal
imaging modality should facilitate early identification of
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vascular wall inflammation, offer precise delineation of
vascular morphology, correlate reliably with clinical disease
activity, exhibit sensitivity to therapeutic interventions and
possess prognostic value in anticipating future vascular
complications'. PET/CT has been recognized for its significant
diagnostic value in the early identification of vasculitis and is
therefore strongly recommended as an imaging modality by
both the American College of Rheumatology (ACR) and the
European League Against Rheumatism (EULAR)"'2,

According to the TAK classification criteria updated by ACR/
EULAR in 2022, being under 60 years of age at the time of
diagnosis and having imaging findings consistent with large-
vessel vasculitis are mandatory requirements for diagnosis. In
patients who meet the initial criteria, additional clinical and
imaging features are evaluated and scored. A total score of 5 or
more confirms the classification of TAK™.

CASE REPORT

A 26-year-old woman with no prior medical conditions, no
regular medications, and no family history of rheumatic
diseases presented to the internal medicine outpatient clinic
complaining of fever and weight loss. The patient reported that
her fever had been recurring every two-three days for the past
four years. She reported an unintentional weight loss over the
past six months, decreasing from 55 kg to 50 kg. There was
no morning stiffness or Raynaud’s phenomenon. The pulse
rate was recorded as 62 beats per minute in the right upper
extremity and 84 beats per minute in the left. Additionally,
the pulse amplitude in the right arm was notably diminished
compared to the left. Apart from the observed discrepancy in
blood pressure between the arms (116/72 mmHg in the right
and 133/84 mmHg in the left), physical examination revealed
no other abnormalities. Cardiac auscultation demonstrated
normal, rhythmicfirst (S1) and second (S2) heart sounds, without
any audible additional heart sounds, gallops, or murmurs.
In laboratory tests, no pathology was detected except for an
elevated erythrocyte sedimentation rate (ESR) of 63 mm/h and
a C-reactive protein (CRP) level of 151 mg/L. The patient’s DNA
was analyzed for 18 mutations in the MEFV gene, with results
reported as negative.
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Radiological examinations, including neck ultrasonography,
revealed significant intima-media thickening measuring up
to 2.8 mm in the bilateral common carotid arteries and the
right subclavian artery. Considering TAK, CT angiography of
the aorta, its branches, and the upper extremity vessels, as
well as a FDG-PET scan, were requested. CT angiography of
the neck, thoracic aorta, upper extremities, and abdomen
showed no stenosis or vascular wall pathology. However, the
PET/CT scan demonstrated diffuse mild increased FDG uptake
consistent with vasculitis in an approximately 2.5 cm segment
of the right subclavian artery extending from the thyroid to
the thoracic inlet (see Figures 1, 2). The patient was diagnosed
with TAK. A patient experiencing recurrent febrile episodes

Figure 1. Diffuse, mild increased FDG uptake in the right
subclavian artery, axial plane, PET/CT

FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography

Figure 2. Diffuse, mild increased FDG uptake in the right
subclavian artery, coronal plane, PE/CT

FDG: Fluorodeoxyglucose, PET/CT: Positron emission tomography/
computed tomography

every two to three days over the past four years, accompanied
by a 5 kg unintentional weight loss within the last six months,
was diagnosed with TAK one month following her initial
presentation to the rheumatology outpatient clinic. Treatment
was initiated with methotrexate 15 mg/week, folic acid 5 mg/
week, and oral methylprednisolone 40 mg/day. The patient’s
inflammatory indicators decreased, and both clinical condition
and laboratory results demonstrated signs of recovery. Following
the initiation of treatment, a reduction of over 50% in ESR and
approximately 80% in CRP levels was achieved within 3 months.
By the 6" month, ESR had decreased to 5 mm/h and CRP to 0
mg/L (see Table 1). The patient is currently being followed in a
stable clinical condition.

DISCUSSION

Thiscaseis presented to emphasize theimportance of evaluating
acute phase reactants in the laboratory, measuring blood
pressure and pulses in both arms during physical examination,
and considering TAK in the differential diagnosis, especially in
young female patients with recurrent fever attacks and weight
loss. In cases with strong suspicion of TAK, angiographicimaging
should be performed, and PET/CT evaluation considered when
clinically indicated.

TAK was initially documented in 1908 by Mikito Takayasu, an
ophthalmology professor at Kanazawa University in Japan'.
The disease is seen predominantly in women (84.6%) with a
mean age of onset of 32.3 (£10.4) years®™. TAK is significantly
more common in women than men in Tirkiye as well (F/M
ratio: 8.2/1), and the average age of onset is 40.1 (+14) years'™.
This case is consistent with the literature in terms of age and
gender.

TAK shows geographical variations in distribution. In Asian
countries, both the incidence and prevalence are relatively
higher. The condition affects between 3.3 and 40 individuals
per million, with yearly new cases estimated to fall between
0.34 and 2.4 per million people™. It predominantly occurs in
regions such as Japan, Southeast Asia, India, and Mexico". A
study carried out in Turkiye determined the yearly occurrence
rate of TAK to be 1.11 per million individuals, with a 95%
confidence interval ranging from 0.54 to 1.67%.

Table 1. The patient’s laboratory values at the initial

presentation, 3-month, and 6-month follow-up examinations

Presentation ESR o LS s

(mm/h) | (mg/L) | (x10%/pL) | (g/dL)
Initial presentation 63 151 8.9 103
3-month 26 28 5.06 1.1
6-month 5 0 9.23 13.1
ESR: Erythrocyte sedimentation rate, CRP: C-reactive protein, WBC: White blood cell,
HGB: Hemoglobin
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In published studies on TAK, systemic manifestations like fever
(34.7%) and fatigue (12.1%) are the most frequently reported
early symptoms, with neck pain (9.7%) following as a less
common initial sign™. This case also presented to the hospital
with fever, which is the most common and non-specific
symptom of TAK. Weight loss (9.3%) is an relatively uncommon
finding in TAK®. In this case, however, weight loss was present.
Other complaints observed in patients include syncope (6.98%)
and night sweats (4.65%), which were not observed in this case?.
In a study conducted on patients with TAK, the frequency of
having a blood pressure difference between the two arms was
found to be 53.8%". In this particular instance, a discrepancy
in blood pressure readings between the two arms was also
observed.

Imaging plays an important role in the diagnosis and follow-
up of TAK. CT angiography is the preferred initial imaging
modality due to its availability, better image resolution
compared to MR angiography, and lower cost. It serves an
important function in pinpointing the regions involved and
evaluating the intensity of TAK. CT angiography can reveal
changes such as luminal narrowing, dilatation, vessel wall
thickening, calcification, and contrast enhancement?. PET/CT
represents an alternative imaging modality for the evaluation
of TAK. As a non-invasive method, PET/CT is becoming an
increasingly valuable tool in the diagnostic evaluation of TAK.
PET/CT can detect increased metabolic activity in the arterial
wall and provide information about vascular inflammation™.
The capacity of FDG-PET imaging to identify inflammatory
activity during the early, pre-edematous phase—prior to the
onset of overt vascular structural alterations—represents
a clinically valuable advantage. Nonetheless, its broader
implementation is constrained by limited accessibility and
substantial financial burden®. In the assessment of TAK
activity, PET/CT parameters including maximum standardized
uptake value (SUV, ), vascular SUV,__ to-liver mean SUV ratio
(SUV ), and PET vascular activity score (PETVAS) are utilized.
As reported in a study, the sensitivity and specificity of SUV __,
SUV,,» and PETVAS for evaluating TAK activity using PET/CT
were reported as 100% and 100%, 100% and 90.9%, and 88.9%
and 90.9%, respectively?®. In the case which presented here,
although no findings suggestive of TAK were detected on CT
angiography, arterial involvement was identified on PET/CT. In
the comparative study conducted by Quinn et al.?® evaluating
MRA and FDG-PET in patients with TAK, FDG-PET—derived
assessments of disease activity demonstrated a correlation with
clinical status. When benchmarked against MRA findings, FDG-
PET exhibited a sensitivity of 71% and a specificity of 52% in
detecting active disease. Therefore, MRA was not performed in
this patient. Digital subtraction angiography (DSA) remains the
definitive diagnostic technique for TAK, as it enables detailed
imaging of the coronary vessels and facilitates evaluation of
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pressure within the aorta®. Given the vascular involvement
identified on PET/CT in this case, it was deemed that a DSA
examination might not be required.

The Numano classification, introduced in 1996, remains the
most widely utilized angiographic system for categorizing
TAK. Based on this classification system, TAK is categorized
angiographically according to the specific vessels involved.
Type 1 includes the aortic arch branches, such as the
brachiocephalic trunk, carotid arteries, and subclavian arteries.
Type 2a encompasses the ascending aorta, the aortic arch, and
its branches. Type 2b includes all the features of Type 2a with
additional involvement of the thoracic descending aorta. Type
3 refers to disease affecting the thoracic descending aorta,
abdominal aorta, and/or renal arteries. Type 4 is limited to
the abdominal aorta and/or renal arteries. Type 5 presents a
combination of vascular involvement seen in both Type 2b
and Type 4%. In a study evaluating patients with TAK in Turkiye
angiographically, the most common types were found to be
Type V (51%) and Type | (32%). In the same study, the most
frequently involved arteries were observed to be the subclavian
(76%), carotid (52%), and renal (28%) arteries, respectively'.
Current case’s PET/CT examination revealed involvement of the
right subclavian artery and the patient was classified as Type
1 TAK.

CONCLUSION

In this study, a rare case of TAK was presented. This case
is consistent with the literature due to being young and
female, presenting to the hospital with fever, having elevated
inflammatory markers in laboratory tests, exhibiting a blood
pressure difference between the two arms and involvement of
the subclavian artery. The detection of vascular involvement on
PET/CT rather than on CT angiography supports the increasing
importance of PET/CT in the diagnosis of TAK.
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Pulmonary Alveolar Microlithiasis: Bedside Lung and
Diaphragmatic Ultrasound Findings in Stage Il Disease

Pulmoner Alveoler Mikrolitiyazis: Evre [ll Hastalikta Yatak Basi Akciger ve Diyafragma
Ultrasonografi Bulgulari

® Kiibra YURTER, @ Mustafa Kiirsat AYRANCI, ® Omer JARADAT, ® Abdullah Sadik GiRISGIN
Necmettin Erbakan University Faculty of Medicine, Department of Emergency Medicine, Konya, Tiirkiye

ABSTRACT

Pulmonary alveolar microlithiasis (PAM) is an extremely rare autosomal recessive disorder caused by SLC34A2 mutations, leading to intra-alveolar
calcium-phosphate microlith accumulation. To date, lung ultrasound (LUS) findings in PAM have been reported in only a single case report. We
present a 35-year-old male with genetically confirmed stage 11l PAM who presented with acute hypoxemic respiratory failure. Bedside LUS revealed
marked pleural irregularity and thickening (total 5.6 mm; parietal 4.4 mm, visceral 1.2 mm) and complete absence of B-lines despite extensive
ground-glass opacities on computed tomography. Diaphragmatic ultrasound showed a thickening fraction of 31.5%, indicating preserved contractile
reserve. Arterial blood gas on room air (Pa0, 48 mmHg), normal infection markers, negative D-dimer (0.3 ug/mL), and echocardiography showing no
acute right heart strain effectively excluded alternative causes of acute hypoxemia. The absence of B-lines may be attributed to an acoustic barrier
created by subpleural microliths and microcysts. Preserved diaphragmatic function suggests that hypoxemia arose from gas-exchange impairment
rather than ventilatory pump failure. Given its extreme rarity, this second ever description of LUS in PAM confirms that bedside ultrasound may serve
as a radiation-free monitoring tool in this orphan disease.

Keywords: Pulmonary alveolar microlithiasis, lung ultrasound, diaphragm, B-lines, pleural thickening, respiratory failure, SLC34A2 gene

0z

Pulmoner alveoler mikrolitiyazis (PAM), SLC34A2 gen mutasyonlarina bagli son derece nadir goriilen otozomal resesif bir hastalik olup alveol
bosluklarinda kalsiyum-fosfat mikrolitlerinin birikimi ile karakterizedir. Bugline kadar PAM’da akciger ultrasonografisi (USG) bulgulari literatiirde
yalnizca tek bir olguda bildirilmistir. Bu yazida, genetik olarak dogrulanmis evre 11l PAM tanili, akut hipoksemik solunum yetmezligi ile basvuran 35
yasinda bir erkek hasta sunulmaktadir. Yatak basi akciger USG'de belirgin plevral diizensizlik ve kalinlasma (toplam 5,6 mm; paryetal 4,4 mm, viseral
1,2 mm) ve bilgisayarli tomografi'de yaygin buzlu cam dansitelerine ragmen B-cizgileri saptanmadi. Diyafragma USG'de kalinlasma fraksiyonu %31,5
olarak olctildt; bu deger korunmus kontraktil rezervi gostermektedir. Oda havasinda arter kan gazi (Pa0, 48 mmHg), normal enfeksiyon belirtegleri,
negatif D-dimer (0,3 ug/mL) ve ekokardiyografide akut sag kalp yiiklenme bulgusu olmamasi enfeksiyon, pulmoner emboli ve kardiyak disfonksiyon
gibi akut hipoksemi nedenlerini dislamistir. B-cizgilerinin olmamasi, subplevral mikrolitlerin ve mikrokistlerin olusturdugu akustik bariyerden
kaynaklandigi dustintilmektedir. Korunmus diyafragma fonksiyonu, hipokseminin gaz degisim bozuklugundan kaynaklandigini diisindtirmektedir.
Yatak basi USG nadir goriilen bu hastalikta radyasyon icermeyen bir izlem araci olarak kullanilabilir.

Anahtar Kelimeler: Pulmoner alveoler mikrolitiyazis, akciger ultrasonografisi, diyafragma, B-cizgileri, plevral kalinlasma, solunum yetmezligi,
SLC34A2 geni
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INTRODUCTION

Pulmonary alveolar microlithiasis (PAM) is an exceedingly
rare, autosomal recessive genetic lung disease characterized
by the diffuse accumulation of calcium-phosphate microliths
within the alveolar spaces'. This condition is primarily caused
by inactivating mutations in the SLC34A2 gene, which encodes
the type I1b sodium-phosphate cotransporter in alveolar type I
cells?. The resulting defect in phosphate clearance leads to intra-
alveolar stone formation, progressively impairing gas exchange
and leading to pulmonary fibrosis, respiratory failure, and cor
pulmonale'.

A hallmark of PAM is the clinico-radiological dissociation, where
extensive “sandstorm-like” micronodular patterns on imaging
are found in patients with relatively mild or no symptoms for
decades'. While computed tomography (CT) remains the most
useful test for diagnosis and staging, the role of lung ultrasound
(LUS) in PAM is documented by only a single case report, which
described the sonographic pleural abnormalities in PAM3*. This
report aims to expand the sonographic literature by presenting
LUS and diaphragmatic ultrasound (DUS) findings in a patient
with stage Il PAM.

CASE REPORT

A 35-year-old male with a 16-year history of PAM presented
to the emergency department with a two-day history of
progressively worsening dyspnea and acute-onset hypoxemia.
The diagnosis of PAM had been established 16 years earlier
based on typical symptoms and high-resolution CT findings.
Genetictesting performed at that time confirmed a homozygous
inactivating mutation in the SLC34A2 gene. Over the preceding
decade, he had gradual exertional breathlessness, but his
dyspnea acutely worsened in the last 48 hours. There was no
associated fever, productive cough, chest pain, or hemoptysis.
He reported compliance with domiciliary oxygen therapy only
intermittently and had never smoked. His family history was
unremarkable for pulmonary disease.

On arrival, the patient was tachypneic. Vital signs were as
follows: blood pressure 118/76 mmHg, heart rate 102 bpm,
temperature 36.7 °C, respiratory rate 26 breaths/min, and
peripheral oxygen saturation (Sp0,) 79% on room air. Chest
auscultation revealed diffusely audible rhonchi without crackles
or wheezing. There was no peripheral edema, jugular venous
distension, or clinical evidence of right-sided heart failure.

Arterial blood gas (ABG) analysis on room air revealed: pH 7.38,
PaC0,42 mmHg, Pa0,48 mmHg, and HCO,~ 24 mEq/L. Complete
blood count showed leukocytosis (12.4 x 10°/L); C-reactive
protein was 8 mg/L, and procalcitonin was 0.1 ng/mL, making
infection unlikely. Cardiac evaluation included high-sensitivity
troponin T (<3 ng/L) and a 12-lead electrocardiography showing

sinus tachycardia without ischemic changes or right heart
strain. A D-dimer level was 0.3 pg/mL, effectively excluding
pulmonary embolism as a cause of acute hypoxemia. A Wells
score for pulmonary embolism was 1.5 (low probability).

Immediately after the initiation of supplemental oxygen,
a bedside 12-point LUS was performed by an emergency
medicine specialist with 7 years of experience in LUS. All
ultrasound examinations were performed using SonoHealth®
D2CP with high-frequency linear (5-12 MHz) and phased-array
probes (SonoHealth Medical Technologies, Guangzhou, China).
The 12-point LUS protocol involved systematic scanning of
the anterior, lateral, and posterior chest walls, dividing each
hemithorax into six zones: anterior-superior, anterior-inferior,
lateral-superior, lateral-inferior,  posterior-superior, and
posterior-inferior. Each zone was scanned in both longitudinal
and transverse planes using a standardized approach, with the
transducer placed perpendicular to the ribs to avoid acoustic
shadowing. Three consecutive respiratory cycles were recorded
for each measurement, and the average value was reported.
Bilateral anterior-superior, posterior-superior, and posterior-
inferior zones were systematically examined with the patient
in a semi-recumbent position. The pleural line was markedly
thickened and irregular in all evaluated regions. Using the
linear probe, total pleural thickness measured 5.6 mm (average
of three measurements: 5.5, 5.7, 5.6 mm), comprising a parietal
layer of 4.4 mm (4.3,4.5,4.4 mm) (Figure 1a) and a visceral layer
of 1.2 mm (1.1, 1.3, 1.2 mm) (Figure 1b). The visceral pleura
appeared hyperechoic, fragmented, and irregular (Figure 1b
and c). No vertical B-lines or comet-tail reverberation artifacts
were observed.

DUS was performed using the phased-array probe positioned in
the right mid-axillary line, between the 8" and 10" intercostal
spaces. The diaphragm was visualized in the zone of apposition,
and M-mode was used to capture respiratory-phase thicknesses.
End-expiratory thickness was 1.9 mm, and end-inspiratory
thickness increased to 2.5 mm. The diaphragmatic thickening
fraction was calculated as [(2.5-1.9)/1.9] x 100=31.5%.
Diaphragmatic excursion was visually preserved.

A postero-anterior chest radiograph demonstrated the classic
“sandstorm” appearance: diffuse, bilateral, fine micronodular
opacities with a ground-glass density, more pronounced in the
lower zones (Figure 2a).

As the bedside LUS and portable chest radiograph revealed
no evidence of consolidation, cardiogenic pulmonary edema,
pleural effusion, or pneumothorax that could otherwise
account for the acute deterioration, a thoracic CT scan was
obtained to exclude occult parenchymal complications and
better delineate the underlying disease status. The scan
confirmed symmetrical, dense alveolar microliths distributed
predominantly in the posterior and inferior lung segments,
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Figure 1. High frequency linear probe LUS of the right anterior superior zone (mid clavicular line, second intercostal space,
longitudinal orientation). (a) Markedly thickened parietal pleura (4.4 mm, dashed yellow line). (b) Hyperechoic, thickened visceral
visceral pleura (1.2 mm, dashed red line). (c) Hyperechoic fragmented visceral pleural layer

LUS: Lung ultrasound

accompanied by interlobular septal thickening, consistent with
a “crazy-paving” pattern, and multiple subpleural traction cysts
(Figure 2b). Per established staging criteria?, the radiographic
“sandstorm” appearance with partial obliteration of the lower
mediastinal and diaphragmatic borders, alongside these High-
resolution CT findings of progressive interstitial fibrosis, are
consistent with advanced stage Il PAM.

The patient was treated with oxygen 4-6 L/min via mask,
inhaled salbutamol and ipratropium, and intravenous
hydration. His dyspnea improved, and SpO, stabilized at 91-
93% on 3 L/min of oxygen. Repeat ABG after 6 hours showed
pH 7.41, PaCO, 40 mmHg, Pa0, 68 mmHg, HCO,~ 25 mEq/L. He
was admitted to the pulmonology ward for further observation
and multidisciplinary evaluation, including lung-transplant
candidacy assessment, and was discharged home on domiciliary
oxygen after five days of follow-up.

Written informed consent was obtained from the patient for
publication of this case report and accompanying images. The
study was conducted in accordance with the Declaration of
Helsinki.
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DISCUSSION

This case details the bedside LUS and DUS findings in a patient
with stage Ill PAM. The sonographic appearance of PAM
has rarely been reported, with only one prior description®.
Our observations corroborate their findings of a thickened,
irregular hyperechoic pleural line, while offering assessment of
diaphragmatic function in PAM.

Rea et al.* reported pleural line thicknesses between 1.7
mm and 2.9 mm depending on the transducer used. In our
patient, total pleural thickness measured 5.6 mm, comprising
4.4 mm of parietal and 1.2 mm of visceral pleura, both well
above the 3 mm threshold considered pathological®. This
degree of thickening supports the concept that the calcific and
inflammatory process of PAM can involve pleura at stage III,
paralleling the subpleural interstitial changes and microcysts
frequently seen on CT>*.

An important observation in both cases is the absence of B-lines
despite extensive parenchymal calcifications and ground-
glass opacities on CT. In most interstitial lung diseases, such
opacities generate vertical comet-tail artifacts due to acoustic
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Figure 2. Radiological findings in pulmonary alveolar microlithiasis. (a) Posteroanterior chest radiograph showing diffuse sand
like micronodular calcifications. (b) Axial thoracic CT image revealing dense alveolar microliths (blue arrow), air space obliteration,
and subpleural cystic changes (red arrow), predominantly in the inferoposterior regions

CT: Computed tomography

impedance mismatches at the air—tissue interface®. Rea et al.*
proposed that subpleural microliths and microcystic changes
create a dense acoustic barrier that reflects ultrasound waves,
preventing deeper penetration and artifact formation. Qur case
supports this finding.

In PAM, chronic hypoxia and restrictive physiology increase
the work of breathing and may eventually lead to cor
pulmonale’. Rea et al.* observed reduced pleural line motion
during respiration, attributing it to parenchymal stiffness
and obesity, but did not quantify diaphragmatic function.
We measured the TFdi at approximately 31.5%. Although this
value lies slightly below the >36% threshold proposed for
healthy individuals and the mean of 36.8+6.5% reported in
successfully weaned patients, it remains above the cut-offs
associated with diaphragmatic dysfunction: <30% for weaning
failure and <20% for severe weakness’'°. Values in the 15-30%
range are considered indicative of adequate activation, placing
our patient’s measurement within the preserved contractile
reserve spectrum®. The measurement was obtained during
spontaneous breathing without positive pressure ventilation,
conditions that yield the most reliable indices’. Our patient
presented with a room-air SpO, of 79%, may suggest that the
respiratory distress originated primarily from gas-exchange
impairment due to alveolar filling rather than from ventilatory
pump failure. The novelty of combining LUS and DUS in PAM
lies in its potential to simultaneously assess disease severity
at the pleural level and respiratory muscle function, without
the need for ionizing radiation. This dual approach may be

particularly valuable for monitoring disease progression and
assessing functional reserve in PAM patients being evaluated
for lung transplantation.

Currently, no proven disease-modifying therapy exists for
PAM. Supportive measures include long-term oxygen therapy
to maintain Sp0O, >88% (or >90% if cor pulmonale develops),
and improved gas exchange with nasal continuous positive
airway pressure has been described in a single case'’.
Disodium etidronate has been used to inhibit hydroxyapatite
crystal formation; although radiological and symptomatic
improvements have been reported, efficacy in adults remains
uncertain'2. Dietary phosphate restriction lacks robust human
data, though often advised®. Vaccination against influenza,
pneumococcus, and coronavirus disease 2019, along with
smoking cessation, is recommended?. Lung transplantation
remains the only definitive treatment, and disease recurrence
in the graft has not yet been reported?*. Transplant timing is
guided by right-heart failure or severe respiratory failure?.

Several limitations must be acknowledged. This is a single case
report, requiring validation in larger cohorts. The influence of
body habitus and inter-operator variability on measurements
could not be systematically assessed as all measurements were
performed by a single operator. Additionally, the TFdi cut-offs
cited derive mainly from critical care populations; disease-
specific reference ranges for chronic restrictive disorders are
not established.
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CONCLUSION

In conclusion, this case suggests that stage Il PAM may
present with pleural thickening and the absence of B-lines.
In this patient, preserved diaphragmatic function suggests
that hypoxemia may be due to gas exchange failure, without
evidence of respiratory muscle insufficiency. Bedside ultrasound
may be useful as a radiation-free tool for monitoring disease
progression in PAM.
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To the Editor,

The Thrace region (TR21 statistical region) is undergoing a
demographic shift that warrants targeted, system-level redesign
of emergency care. According to Turkish Statistical Institute
Elderly Statistics 2024, while Tuirkiye elderly population is 10.6%,
Edirne (17.2%) and Kirklareli (16.3%) are among the fastest-aging
provinces nationally’. In parallel, Tekirdag—despite a relatively
lower elderly proportion (10.2%)—recorded the country’s
highest net internal migration in 2023 (+22,674)2. This creates
a distinct service-delivery paradox: aging rural populations and
high-volume, migrant-receiving industrial centers converge
within the same regional emergency care ecosystem. As an
emergency physician practicing in the Thrace region, | observe
daily how this dual pressure increases admission demand,
prolongs emergency department (ED) stays, and amplifies risk
in frail older adults.

The Clinical Reality

Geriatric emergency medicine extends well beyond atypical
presentations. Regional data underscore a predictable yet high-
stakes clinical profile. In a regional cohort, falls accounted for
10.9% of geriatric ED presentations and may conceal clinically
significant injuries, particularly when initial findings are
subtle3. Delirium—reported in 10.6% of older ED patients—

was an independent predictor of mortality at both 6 months
[hazard ratio (HR) 4.5] and 5 years (HR 3.4)>. The so-called “3D”
syndromes (delirium, dementia, depression) further complicate
assessment; depression and dementia were reported in 35.1%
and 45.6% of presentations, respectively?.

The Boarding Crisis

Boarding—prolonged ED stays after an admission decision—
is a major threat for older adults. A multicenter French
prospective cohort study demonstrated that older patients who
spent overnight in the ED had increased in-hospital mortality
(adjusted risk ratio 1.39 overall), rising to 1.81 among patients
requiring assistance with activities of daily living®. A systematic
review likewise reported that prolonged boarding of frail
individuals in the ED is associated with adverse outcomes and
increased mortality risk®. Prolonged ED stretcher stays also
contribute to hospital-acquired infections, pressure injuries,
sleep disruption, delirium amplification, and accelerated
functional decline.

Evidence-based Solutions

Structured geriatric ED models aligned with the American
College of Emergency Physicians’ Geriatric Emergency
Department Accreditation framework have been associated
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with reduced ED length of stay without increasing short-term
return visits®. In Trkiye, a patient- and caregiver-perspective
survey also supports the need for dedicated geriatricemergency
services’. In addition, a geriatric ED innovation program has
been associated with lower Medicare expenditures, supporting
the health-economic rationale for such models®. However, a
nationwide survey from Turkiye suggests that adherence to
geriatric ED guideline recommendations remains very low,
underscoring the implementation gap®. For Thrace, a regional
geriatric emergency network could be implemented with
three measurable objectives: (1) Clinical Frailty scale screening
at triage; (2) confusion assessment method-based delirium
pathways; (3) boarding escalation thresholds triggering
expedited admission or transfer.

CONCLUSION

Thrace’sdemographictransition isalready reshapingemergency
care delivery. Boarding of older adults should be regarded as
a patient safety risk rather than a system delay. Designating
Thrace as a pilot region for geriatric ED implementation may
reduce preventable harm and improve outcomes in this rapidly
aging population.
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