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from a photograph or other image, or any accompanying text, releases signed by the patient or
their legal representative should be enclosed. Identifying images should also be anonymized.
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table and figure legends, should be typed using double-spacing in an 11 point font with left
alignment and without hyphenated line breaks. The fonts Times New Roman or Arial should be
used in the text, for symbols, and all other special characters. Please use the editing features of
your word processing program to type bold or italic letters, mathematical symbols, Greek letters,
subscript and superscript characters. Please take care not to confuse the letters O and | with the
numerals 0 and 1. To set a left indent for a paragraph, click the TAB button once. Only the Inter-
national System of Units (SI) should be used for units of measurement. Please review the final
version of the manuscript very carefully, especially for formatting and editing errors. Please note
that American English spelling and terminology should be used in the manuscripts.

All pages of the manuscript should be consecutively numbered starting from the title page
(page 1, title page; page 2, Turkish abstract (Turkish authors only); page 3, English abstract, etc.).
Page numbers should be indicated on the upper right-hand corner of each page. The final elec-
tronic version of the manuscript should be in “doc’, “docx” or “rtf” format.

Title page: A separate title page should be submitted with all manuscripts and this page should
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1. The full title of the manuscript as well as a short title (running head) of no more than 50
characters,

2. Name, affiliation(s), ORCID ID, and highest academic degree(s) of the author(s),

3. Details of any grant or other sources of support,

4. Name, address, telephone (including mobile phone number) and fax numbers, and email
address of the corresponding author,

5. Acknowledgment of the individuals who contributed to the preparation of the manu-
script but who do not fulfill authorship criteria.

Abstract: An abstract should be submitted with all manuscripts with the exception of Letters
to the Editor. The abstract of an Original Article should be structured with subheadings (Objec-
tive, Methods, Results, and Conclusion). All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in the main text. The abbreviation should
be provided in parentheses following the definition.

Please refer to Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a minimum of three to a maximum of six
keywords at the end of the abstract to be used for subject indexing. The keywords should be list-
ed in full without abbreviations. The keywords should be selected from the National Library of
Medicine, Medical Subject Headings database (https://www.nIm.nih.gov/mesh/MBrowser.html).

Introduction: State the specific purpose and available data relevant to the study.

Methods: All methods used to select participants and conduct the study should be described
in detail. Known methods should be cited. Novel or modified methods used should be de-
scribed in detail. Doses, concentrations, routes, and duration of administration of drugs and
chemical agents should be indicated. A concise report of all statistical methods used for sum-
marizing available data and for testing the proposed hypothesis should be provided under a
subtitle, including the p value criteria determined for statistically significant difference. Statis-
tical evaluation conducted should be explained in detail. Standard statistical methods should
be used as much as possible. If rarely employed or novel statistical methods were used, then
the relevant references should be cited. When necessary, more detailed explanations about
unusual, complex, or new statistical methods can be provided in separate files for readers as
online supplementary data. When a trademarked drug, product, hardware, or software pro-
gram is mentioned within the main text, product information, include the name of the prod-
uct, the manufacturer of the product, and the city and the country of the company headquar-
ters (including the state if in USA), should be provided in parentheses in the following format:
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, USA). The recommendations in
the statistics section of the “Uniform Requirements for Manuscripts Submitted to Biomedical
Journals: Writing and Editing for Biomedical Publication” (http://www.ICMJE.org) should be
taken into consideration.

Results: The study results should be presented in logical sequence and in detail. The findings
should be supported by figures and tables. Information given in figures and tables should not
be repeated in the text unless absolutely required.

Discussion: Data relevant to the study subject matter should be examined, evaluated, and sub-
stantiated with references from domestic and international sources. General information irrele-
vant or superfluous to the report should not be included.

Acknowledgement: The names of individuals who contributed to the study but who fail to
meet the criteria of authorship should be mentioned in this section. The written consent of all
individuals mentioned should be obtained.

Manuscript Types
Haydarpasa Numune Med J publishes the types of articles briefly described below.

Research Articles: This is the most important type of article, since it provides new information
based on original research. The main text of original articles should be structured with an In-
troduction, Methods, Results, Discussion, Conclusion, and References subheadings. Please see
Table 1 for limitations for Research Articles.

Statistical analysis is usually necessary to support conclusions. Statistical analyses must be
conducted in accordance with international statistical reporting standards (Altman DG, Gore
SM, Gardner MJ, Pocock SJ. Statistical guidelines for contributors to medical journals. Br Med
J1983:7;1489-93). Information on statistical analyses should be provided with a separate sub-
heading under the Materials and Methods section and the statistical software that was used
during the process must be specified.

Units should be prepared in accordance with the International System of Units (S).

Limitations, drawbacks, and the shortcomings of original articles should be mentioned in the
Discussion section before the conclusion paragraph.

Review Articles: Reviews prepared by authors who have extensive knowledge of a particular

field and whose scientific background has been translated into a large volume of publications
with a high citation potential are welcomed. Submissions from such authors may also be invited
by the journal. Reviews should describe, discuss, and evaluate the current level of knowledge
of a topic in clinical practice and should guide future studies. The main text should include an
Introduction, Clinical and Research Consequences, and Conclusion sections. Please refer to Table
1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal and reports on rare cases or
conditions that constitute challenges in diagnosis and treatment, those offering new therapies
or revealing knowledge not included in the literature, and interesting and educative case re-
ports are accepted for publication. The text should include an Introduction, Case Presentation,
and Discussion subheadings. Interesting and unusual images are an advantage in the evaluation
process. Please see Table 1 for the limitations for Case Reports.

Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit Reference limit Table limit Figure limit

Original Article 3500 350 40 6 6
(Structured)

Review Article 5000 350 50 6 10

Case Report 1500 200 15 No tables 5

Tables

Tables should be included in the main document, presented after the reference list, and they
should be numbered consecutively in the order they are referred to within the main text. A de-
scriptive title must be placed above each table. Abbreviations used in the table should be de-
fined below the table by footnotes (even if they are defined within the main text). Tables should
be created using the word processing software “insert table” command and they should be
arranged clearly to provide easy reading. Data presented in tables should not be a repetition of
the data presented within the main text but should support the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files (in TIFF or JPEG for-
mat) through the submission system. The files should not be embedded in a Word document
or the main document. When there are figure subunits, the subunits should not be merged
to form a single image. Each subunit should be submitted separately through the submission
system. Images should not be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin
arrows, arrowheads, stars, asterisks, and similar marks may be used on the images to support
the figure legends. Like the rest of the submission, the figures should also be blind. Any infor-
mation within the images that may identify an individual or institution should be anonymized.
The minimum resolution of each submitted figure should be 300 DPI. To prevent delays in
the evaluation process, all submitted figures should be clear in resolution and large in size
(minimum dimensions: 100 x 100 mm). Figure legends should be listed at the end of the main
document.
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Abstract

Introduction: Migraine is a common neurological disorder that leads to significant morbidity. In recent years, it has been
suggested that migraine may be associated with depression and sleep disturbances. The aim of this study was to evaluate
the relationship between migraine, depression, and sleep quality.

Methods: A total of 194 patients with migraine who presented to the neurology outpatient clinic of Afyonkarahisar Univer-
sity of Health Sciences and 90 healthy volunteers were compared. All participants completed the beck depression inventory
(BDI) and the Pittsburgh sleep quality index (PSQI), and demographic as well as clinical data were recorded.

Results: The study included 194 patients with migraine (68.3%) and 90 healthy controls (31.7%). Among migraine patients,
143 (73.7%) were female, while 66 (73.3%) of the control group were female. Mean age was 37.73+£13.17 years in the mi-
graine group and 38.01+12.50 years in the control group, with no significant difference between groups (p=0.946 for gender
and p=0.746 for age). BDI and PSQI scores were significantly higher in the migraine group compared to the control group
(p<0.001). Furthermore, the prevalence of chronic disease and smoking was higher, whereas alcohol consumption was lower,
among individuals with migraine.

Discussion and Conclusion: Our findings demonstrate that depression and sleep disturbances are common in patients with
migraine, supporting the notion that migraine is a complex disorder associated with psychiatric comorbidities. In clinical
practice, routine evaluation of psychological status and sleep quality is essential in the management of migraine.
Keywords: Depression; migraine; sleep disorders; smoking.

igraine is a complex and debilitating neurological

disorder characterized by distinctive headache
attacks. Its prevalence is estimated to range between
11.7% and 22.7%, and it represents a significant morbidity
burden 1. Globally, migraine is the second leading cause
of disability, the primary cause of disability in individuals
under 50 years of age, and the third most common cause
of productivity loss due to reduced work capacity 2.
Clinically, migraine is characterized by severe, throbbing and

usually unilateral headache, often accompanied by nausea,
vomiting, photophobia, and phonophobia 31, Although the
pathogenesis of migraine has been extensively investigated,
its precise mechanisms remain elusive. Current evidence
suggests that sensitization of the trigeminovascular system,
release of inflammatory mediators, and the subsequent
induction of a meningitis-like inflammatory response
may lead to intracranial pain activation [l Treatment
strategies for migraine include simple analgesics, non-
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steroidal anti-inflammatory drugs, triptans, gepants, ditans,
calcitonin gene-related peptide monoclonal antibodies,
neuromodulation techniques, and interventional options
such as OnabotulinumtoxinA 1. In recent years, migraine
has been increasingly associated with structural and
functional abnormalities of the central nervous system,
neurotransmitter dysregulation, inflammatory processes,
hormonalfluctuations,and genetic predisposition >0, Within
this context, a significant association between migraine,
depression, and sleep disorders has been proposed. The
aim of this study was to evaluate the relationship between
migraine, depression, and sleep disturbances.

Materials and Methods

Study Design and Participants

This cross-sectional and observational study was conducted
by the Department of Neurology at Afyonkarahisar Health
Sciences University. Patients who applied between July
2024 and May 2025 and were diagnosed with migraine
according to the International Headache Society (IHS)
criteria were included.

The control group comprised age- and sex-matched
healthy volunteers without psychiatric disorders, sleep
disturbances, or headache complaints. The control
group was selected from patients who presented to the
neurology outpatient clinic for neurological screening and
had no neurological disorders. Migraine was excluded in
the control group using the IHS diagnostic criteria.
Demographic and clinical characteristics, including age,
sex, comorbid chronic diseases, socioeconomic and
educational status, smoking/alcohol habits, marital status,
employment status, beck depression inventory (BDI) scores,
and Pittsburgh sleep quality index scores were recorded.

Exclusion Criteria

+ Other primary headache disorders according to IHS
criteria (e.g., tension-type headache, cluster headache),

+ History of neurological or severe systemic illness,

+ Active substance or drug abuse,

- Diagnosis or treatment of sleep apnea,

« Use of antidepressant, antipsychotic, or sedative
medications.

Assessment Tools

Depression: BDI

The BDI is a 21-item self-report scale used for screening
depression. Each item is scored from 0 to 3, with a total
score range of 0-63. A score >17 indicates the presence of
depression 71,

Sleep Quality: PSQI

The PSQI is a 19-item self-administered questionnaire that
evaluates subjective sleep quality over the past month. It
consists of seven components scored between 0 and 3,
yielding a global score between 0 and 21. Higher scores
indicate poorer sleep quality. The validity and reliability of
the PSQI have been demonstrated across various clinical
populations.Scores of 0-5 are considered toindicate normal/
good sleep quality, whereas scores of 6-21 are regarded as
reflecting poor sleep quality (clinically significant) (!,

Pain Intensity: Visual Analog Scale (VAS)

The VAS is a 10-cm horizontal line used to evaluate pain
intensity, with 0 representing “no pain” and 10 indicating
“the worst imaginable pain.” It is frequently used to assess
daytime and nighttime pain severity.

Ethical Approval

This study was a cross-sectional observational study of
patients conducted at the Department of Neurology,
Afyonkarahisar University of Health Sciences Hospital.
Ethical approval was obtained from the Afyonkarahisar
University of Health Sciences Ethics Committee (Decision
No: 2024/220, dated July 05, 2024), in accordance with the
principles of the Declaration of Helsinki. Participants were
informed about the purpose and procedures of the study,
and their participation was voluntary.

Statistical Analysis

Data were analyzed using Statistical Package for the
Social Sciences version 25.0 (IBM Corp., Armonk, NY, USA).
Categorical variables were presented as frequencies and
percentages. Continuous variables were assessed for
normality using histograms and the Shapiro-Wilk test.
Normally distributed variables (e.g., age) were expressed
as meanztstandard deviation. Group comparisons for
categorical variables were conducted using Chi-square or
Fisher’s exact test when appropriate. Independent samples
t-test was used for age comparisons. Two-tailed p<0.05 was
considered statistically significant.

Results

The study included 194 patients with migraine (68.3%)
and 90 healthy controls (31.7%). Among migraine
patients, 143 (73.7%) were female, while 66 (73.3%) of the
control group were female. Mean age was 37.73+13.17
years in the migraine group and 38.01+12.50 years in the
control group, with no significant difference between
groups in terms of age and gender (p=0.946 for gender
and p=0.746 for age). Mean VAS score among migraine
patients was 4.29+1.23. In the migraine group, elevated
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Table 1. Demographic and clinical characteristics, BDl and PSQI scores of migraine patients and control groups
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Variable Control group Migraine patients p
(n=90) (n=194)
n % n %
Gender
Male 24 26.7 51 26.3 0.946*
Female 66 733 143 73.7
Age (MeanzSD) 38.01+£12.50 37.73£13.17 0.746**
Socioeconomic status
Income less than expenditure 13 14.4 62 320 0.020*
Income equal to expenditure 46 51.1 93 47.9
Income greater than expenditure 31 344 39 20.1
Educational attainment
llliterate 4 44 6 3.1 0.126*
Primary or secondary school 39 433 81 41.8
High school 24 26.7 54 27.8
Undergraduate or postgraduate 23 25.6 53 27.3
Place of residence
Provincial center 73 81.1 156 80.4 0.303*
District center 11 12.2 16 8.2
Village/neighborhood/town 6 6.7 22 1.3
Employment status
Unemployed 40 444 112 57.7 <0.001*
Employed 48 533 71 36.6
Retired 2 2.2 1 57
Marital status
Married 47 52.2 105 54.1 0.232*
Single 43 47.8 89 45.9
Smoking status
Smoker 44 48.9 125 64.4 0.014*
Non-smoker 46 51.1 69 35.6
Alcohol consumption
Current alcohol use 26 289 26 134 0.012*
No alcohol use 64 71.1 168 86.6
Presence of chronic disease
Present 7 7.8 58 29.9 <0.001*
Absent 83 92.2 136 70.1
Visual analog scale score (Mean+SD) - 4.29+1.23
BDI score (Mean=SD) 11.69+9.00 16.15+9.67 <0.001**
PSQl score (Mean+SD) 4.73+£2.85 6.95+4.14 <0.001**

*: Pearson’s Chi-square test was used for categorical variables; **: Independent-Samples t-test was used for comparisons of normally distributed continuous variables.
P<0.05 was considered statistically significant. n: Number of participants; SD: Standard deviation; BDI: Beck depression inventory; PSQI: Pittsburgh sleep quality index.

BDI scores were detected in 141 patients (72.7%), and
elevated PSQIl scores were observed in 124 patients (64%).
Mean BDI score in migraine patients was 16.15+9.67, and
mean PSQIl score was 6.95+4.14. In the control group,
the mean BDI score was 11.69+9.00, and the mean PSQI

score was 4.73+2.85. Both BDI and PSQI scores were
significantly higher in migraine patients compared to
controls (p<0.001 for both). Clinical and demographic
characteristics, along with BDI and PSQI scores, are
summarized in Table 1 ],
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Sleep

. Depression
disorders P

Figure 1. Schematic representation of the interrelationship be-
tween migraine, sleep disorders, and depression.

Discussion

In this study, individuals diagnosed with migraine were
found to have higher rates of depression and greater
deterioration in sleep quality compared to the control
group. In addition, a higher prevalence of chronic disease
history and smoking was observed among participants
with migraine. Moreover, in contrast to some studies in the
literature, the frequency of alcohol consumption was found
to be lower in the migraine group. These findings support
the notion that migraine may lead to significant adverse
effects on lifestyle behaviors and overall quality of life.

Migraine is not only a major economic burden but also a
debilitating condition that negatively affects individuals’
health, overall well-being, family relationships, and work/
school performance. It also has a pronounced impact on
psychological well-being and health-related quality of
life. The bidirectional relationship between migraine and
psychiatric disorders has been demonstrated in numerous
studies [191, Migraine and depression are both common
and partially overlapping clinical entities that cause
considerable limitations in daily life [']. A meta-analysis
reported that the prevalence of depression among
individuals with migraine ranges between 8.6% and 47.9%
(121 1t has been suggested that the association between
migraine and depression may be based on shared genetic
factors. An increased risk of depression has been observed
in siblings and twins affected by migraine, suggesting that
both disorders may share common neurotransmission
pathways and neurobiological mechanisms. However, the
pathophysiology of this relationship remainsincompletely
elucidated. Traditionally, depression was considered
to involve central mechanisms, whereas migraine was
thoughttobe primarilyassociated with peripheralchanges
in perivascular trigeminal nociceptors. More recent
studies, however, have demonstrated abnormal cortical
sensory processing and impaired central modulation

in individuals with migraine. Therefore, serotonin,
hormones, neuropeptides, genetic factors, and functional
brain alterations play roles in the pathophysiology of
migraine U131 Studies from different regions support
the migraine-depression association, with structural
neuroimaging revealing overlapping gray matter
reductions in nociceptive regions such as the anterior
cingulate cortex, insula, prefrontal cortex, and amygdala
[14-16]_ Studies conducted in pediatric populations have
reported heterogeneous findings; while some support
the migraine-depression relationship, others do not [17:181,
In our study, the rate of depression was also found to be
significantly higher among individuals with migraine.
Our findings exceeded the wide range (8-48%) reported
in the literature, underscores the remarkably high co-
occurrence of migraine and depression. In conclusion,
migraine should not be regarded merely as a pain
syndrome but rather as a chronic condition with a high
risk of psychiatric comorbidities. It is therefore suggested
that routine screening for depression and anxiety should
be incorporated into the clinical evaluation of migraine
patients, as the presence of depression can negatively
influence treatment response, quality of life, and overall
functionality.

Another parameter evaluated in this study was the
relationship between migraine and sleep disturbances.
The association between migraine and sleep has
attracted attention since ancient times. In 1853, Romberg
reported that a migraine attack could be terminated
by sleep, and Leveing, in his 1873 publication “The
Influence of Sleep in the Relief of Headache,” supported
this observation. Early studies by Wright also suggested a
possible relationship between sleep and migraine onset
(191, Today, approximately half of all headache patients
report various sleep disturbances, and in nearly 75% of
cases, pain occurs during sleep or immediately after
awakening. In most instances, however, sleep exerts
an alleviating effect on migraine attacks. The presence
of sleep disorders is considered a modifiable factor in
the course of migraine; therefore, early diagnosis and
appropriate management of sleep problems are regarded
as integral components of the comprehensive care of
migraine patients 201, Although poor sleep quality has
been shown to be associated with migraine, the precise
mechanisms underlying this relationship remain unclear
(211" During sleep, the brain clears metabolic waste
through the glymphatic system. In this context, impaired
energy metabolism and mitochondrial dysfunction have
been implicated in migraine pathophysiology. Cortical
spreading depression, the neurophysiological basis of
migraine aura, has been shown to disrupt glymphatic
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flow and increase non-REM sleep. The prolonged
sleep observed after migraine attacks may represent a
compensatory mechanism to restore metabolic balance
and enhance glymphatic clearance; however, further
studies are needed to clarify this relationship [22]. Studies
conducted in pediatric populations also support the
association between migraine and sleep disturbances (23],
In our study, sleep quality was found to be significantly
impaired in migraine patients. This finding is consistent
with previous reports indicating poor sleep quality
among individuals with migraine. Variations in reported
rates across studies can be attributed to differences in
assessment tools and study populations. Since sleep
disturbances can trigger migraine attacks, worsen disease
progression, and represent a preventable/modifiable risk
factor, assessment and management of sleep patterns
should be considered a key component of the treatment
plan for migraine patients. Moreover, the bidirectional
interaction between sleep disorders and depression/
anxiety suggests a potentially self-reinforcing cyclic
relationship among migraine, sleep disturbances, and
psychiatric comorbidities. The bidirectional relationship
between migraine, sleep disorders, and depression is
shown in Figure 1.

Lifestyle modifications are a fundamental component
of migraine management, with regular sleep schedules,
balanced nutrition, aerobic exercise, and stress reduction
shown to reduce both migraine attack frequency and
migraine-related disability. However, smoking cessation
is rarely emphasized as a standard recommendation in
current clinical guidelines for migraine management [24],
Although findings are inconsistent, cross-sectional studies
have suggested a potential association between smoking
and an increased risk of migraine (231, Proinflammatory
components of tobacco smoke, such as nicotine and
cadmium, along with oxidative stress, reduced nitric
oxide production, and hormonal alterations, have been
proposed as possible mechanisms contributing to
migraine attacks [26. The higher prevalence of smoking
observed among patients with migraine in our study
suggests a possible bidirectional relationship, whereby
smoking may trigger migraine attacks or, conversely,
migraine-related depression and stress may promote
smoking behavior. These findings highlight the need
for further investigation and support the potential role
of smoking cessation as a preventive and therapeutic
strategy in migraine management.

Current clinical and experimental studies provide
inconsistent evidence regarding the association between
alcohol consumption and migraine or severe headache.
While some studies suggest that alcohol may act as a

risk factor or trigger for migraine attacks, others have
reported that alcohol intake may reduce the risk of
headache development 271, For example, a prospective
observational study including 487 women demonstrated
that alcohol consumption had no effect on the likelihood
of experiencing a migraine attack on the following
day after adjustment for age, sex, and average weekly
alcohol intake. Similarly, a meta-analysis examining the
relationship between wine consumption and migraine
found no significant association and provided no
conclusive evidence that wine intake increases the risk
of migraine [28]. One of the proposed pathophysiological
mechanisms underlying alcohol-related migraine involves
histamine-mediated pathways, as alcohol may exacerbate
migraine by inhibiting diamine oxidase activity, thereby
impairing histamine degradation and increasing dietary
histamine levels 291 In our study, however, alcohol
consumption was found to be lower among patients
with migraine. This finding suggests that factors such
as individual hypersensitivity levels and the amount
of alcohol consumed should not be overlooked when
evaluating the impact of alcohol on migraine attacks.
Despite the conflicting results reportedin the literature, our
study provides a distinct perspective by demonstrating a
lower rate of alcohol use among individuals with migraine.
This observation may be attributed to patients’ conscious
avoidance of alcohol due to their prior experiences of
alcohol acting as a migraine trigger.

Limitations

The limitations of this study include the small sample
size, the lack of data regarding the number of analgesics
used, the absence of differentiation between episodic and
chronic migraine, the inability to evaluate medication-
overuse headache as a subgroup, and the failure to
specify the frequency and dosage of alcohol and cigarette
consumption.

Conclusion

This study demonstrated that migraine patients experience
significantly higher rates of depression and sleep
disturbances compared to healthy controls. In addition,
lower alcohol consumption among migraine patients
may reflect behavioral avoidance of perceived triggers.
Our findings emphasize that migraine is not merely a
headache disorder but a complex condition strongly linked
to psychiatric comorbidities and lifestyle factors. Routine
assessment of depression, sleep quality, and lifestyle habits
should be integrated into clinical migraine management.
Further research is warranted to clarify these associations
and guide comprehensive patient care.
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Abstract

Introduction: Coronary slow flow (CSF) is increasingly interpreted as a functional abnormality of the coronary microcir-
culation and has been associated with metabolic imbalance and unfavorable cardiovascular profiles. Recently proposed
metabolic markers, including the atherogenic index of plasma (AIP) and the triglyceride—glucose (TyG) index, have attracted
attention as easily applicable indicators that reflect atherogenic lipid burden and insulin resistance. Nevertheless, evidence
comparing the relationship between these indices and CSF remains scarce.

Methods: In this retrospective analysis, 132 patients diagnosed with CSF by coronary angiography and 175 individuals
with normal coronary flow were evaluated. CSF was identified using corrected thrombolysis in myocardial infarction (TIMI)
frame count measurements. AIP, TyG, and modified TyG (Mod-TyG) indices were derived from fasting biochemical data.
Associations with CSF were examined using correlation analysis, receiver operating characteristic (ROC) curve analysis, and
multivariable logistic regression models.

Results: Patients with CSF demonstrated significantly higher AIP and TyG values, whereas Mod-TyG did not differ between
the groups. AIP demonstrated the most robust correlation with corrected TIMI frame count values, particularly concerning
the left anterior descending artery. ROC analysis revealed a better discriminative ability for AIP than TyG (AUC 0.685 vs. 0.634),
whereas Mod-TyG was non-discriminatory. In the multivariate analysis, AIP and TyG remained independent predictors of CSF,
along with smoking and hypertension.

Discussion and Conclusion: Lipid-driven atherogenic burden appears to play an important role in CSF. Among the evalu-
ated indices, AIP demonstrated the strongest discriminative performance and the closest association with flow delay, sup-
porting its potential clinical utility in CSF assessment.

Keywords: Atherogenic index of plasma; coronary slow flow; thrombolysis in myocardial infarction frame count; triglyc-
eride—glucose index.

Coronary slow flow (CSF) describes a delayed passage
of contrast through the coronary arteries observed
during angiography, despite the absence of significant
epicardial luminal narrowing (<50%). The extent of this
flow disturbance can be objectively assessed by the
corrected thrombolysis in myocardial infarction (TIMI)

frame count, which provides a quantitative estimate
of coronary flow velocity ['-31. Most commonly, CSF is
recognized in patients referred for coronary angiography
because of chest pain, suggesting that it reflects clinically
relevant disturbances in coronary flow regulation rather
than a purely incidental angiographic observation [24],
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Although epidemiological data remain limited, CSF has
been reported in only a small proportion of individuals
undergoing coronary angiography 6],

CSF has frequently been reported in association with
atherogenic dyslipidemia - particularly low high-
density lipoprotein cholesterol (HDL-C) and elevated
triglyceride levels - as well as markers of inflammation and
oxidative stress 791, Within the framework of coronary
microvascular dysfunction, CSF is increasingly interpreted
as an angiographic correlate of impaired microvascular
regulation; invasive functional angiography further
supports increased resting microvascular resistance and
reduced resting flow velocity in these patients [10.11],

In recent years, composite metabolic indices have gained
traction as efficient markers of atherogenic risk and
insulin resistance. Accumulating clinical data indicate that
higher levels of the atherogenic index of plasma (AIP) are
linked to an unfavorable cardiometabolic profile and an
increased likelihood of coronary artery disease and adverse
cardiovascular events, particularly among metabolically
high-risk populations ['213], The triglyceride-glucose (TyG)
index, another commonly applied metabolic marker, is
calculated using fasting triglyceride and glucose levels and
reflects insulin resistance and overall metabolic burden.
Elevated TyG values have been linked to the presence and
severity of coronary artery disease as well as to increased
cardiovascular risk across diverse clinical settings [14-16,
Although some studies have examined the AIP or TyG in
relation to CSF, comparative data evaluating both indices
within the same patient population are limited and
heterogeneous ['7:18], Accordingly, this study was designed
to evaluate and compare these indices in patients with
angiographically confirmed CSF.

Materials and Methods

Study Population

This retrospective analysis was conducted at Gazi Hospital
and enrolled patients who underwent diagnostic coronary
angiography between February 2020 and January 2024. CSF
was identified through quantitative coronary angiographic
evaluation using the TIMI frame count (TFC) method. Patients
were excluded if they had obstructive coronary artery disease
(defined as luminal narrowing exceeding 50%), a previous
myocardial infarction, significant valvular pathology,
cardiomyopathy, chronic inflammatory or autoimmune
conditions, an active infection, a known malignancy, clinically
relevant renal or hepatic impairment, or insufficient clinical
or laboratory data. A total of 307 patients were included in
the study, comprising 132 patients diagnosed with CSF and
175 individuals with normal coronary flow.

Definition and Diagnostic Criteria of CSF

CSF was assessed by means of quantitative coronary
angiography employing the corrected TFC approach.
This technique quantifies coronary flow by calculating
the number of cine frames required for contrast material
to reach predefined distal reference points within each
coronary artery. Given its longer anatomical trajectory,
frame counts obtained for the left anterior descending
(LAD) artery were adjusted by a correction factor of 1.7.
CSF was diagnosed when corrected TFC values exceeded
accepted reference limits, defined as >36 frames for the
LAD artery, >22 frames for the left circumflex artery (LCX),
and >20 frames for the right coronary artery (RCA).

TFCs were measured independently by two experienced
interventional cardiologists who were blinded to the
clinical and laboratory data. In cases of discrepancy, a
consensus was reached.

Clinical and Laboratory Data Collection

Demographic variables, cardiovascular risk profiles,
and relevant clinical background information were
obtained from institutional electronic health databases.
Hypertension, diabetes, hyperlipidemia, and smoking were
defined according to the current clinical guidelines. Fasting
venous blood samples were collected after an overnight
fasting period for biochemical analysis. Laboratory
assessments included measurements of fasting plasma
glucose, serum lipid parameters, creatinine, albumin,
hemoglobin, and C-reactive protein.

Calculation of Atherogenic and Metabolic Indices

AIP was expressed as logy, (triglycerides/HDL-C), whereas
TyG was defined as In ([triglyceridesxglucose]/2) using
fasting measurements with values recorded in mg/dL. A
modified version of the TyG index (m-TyG) was calculated
by multiplying the TyG value by the body mass index (BMI),
providing an integrated measure of insulin resistance and
adiposity: Mod-TyG=TyGxBMI (kg/m?).

Statistical Analysis

Continuous variables were assessed for normality using the
Shapiro-Wilk test and were presented as meanzstandard
deviation when approximately normally distributed, or as
median (interquartile range) otherwise. Between-group
comparisons were performed using the independent-
samples t-test (Welch’s correction when appropriate) for
normally distributed variables and the Mann-Whitney U
test for non-normally distributed variables. Categorical
variables are presented as counts (percentages) and
compared using the Chi-square test or Fisher’s exact test,
as appropriate. Associations between atherogenic indices
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Table 1. Baseline characteristics of patients with coronary slow flow (CSF) versus normal coronary flow

Variable CSF (n=132) Normal flow (n=175) P

Age (years) 56.96+11.16 60.42+10.53 0.006
Male sex (%) 86 (65.2) 83 (47.4) 0.002
BMI (kg/m?) 29.38 (26.16-32.92) 30.52 (27.26-35.06) 0.029
Current smoking (%) 92 (69.7) 80 (45.7) <0.001
Diabetes mellitus (%) 30(22.7) 57 (32.6) 0.058
Hypertension (%) 83(62.9) 100 (57.1) 0.311
Hyperlipidemia (%) 56 (42.4) 63 (36.0) 0.253
Fasting glucose (mg/dL) 107.50 (97.00-126.00) 99.00 (90.00-118.50) 0.007
HbA1c (%) 5.70 (5.40-6.33) 5.60 (5.20-6.15) 0.053
Creatinine (mg/dL) 0.82 (0.69-0.94) 0.72 (0.62-0.86) <0.001
eGFR (mL/min/1.73 m?) 94.00 (82.50-103.00) 95.00 (81.00-105.00) 0.623
LDL-C (mg/dL) 125.50 (95.25-150.00) 127.00 (100.00-150.50) 0.711
HDL-C (mg/dL) 44.50 (38.00-51.25) 54.00 (46.00-59.00) <0.001
Triglycerides (mg/dL) 144.50 (105.00-204.25) 118.00 (88.00-159.00) <0.001
CRP (mg/L) 0.34(0.19-0.52) 0.32(0.21-0.57) 0.681
Albumin (g/dL) 4.34 (4.09-4.52) 4.20 (3.80-4.40) <0.001

BMI: Body mass index; CRP: C-reactive protein; CSF: Coronary slow flow; eGFR: Estimated glomerular filtration rate; HbA1c: Hemoglobin A1c; HDL-C: High-density

lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

Table 2. Angiographic TIMI frame counts and derived atherogenic indices

Variable CSF (n=132) Normal flow (n=175) P

LADTFC 35.00 (26.00-38.00) 22.00 (20.00-22.00) <0.001
LCXTFC 24.00 (22.00-33.00) 19.00 (18.00-21.00) <0.001
RCATFC 32.00 (23.00-35.00) 21.00 (19.00-23.00) <0.001
Mean TFC 29.00 (26.92-32.08) 20.67 (19.50-21.67) <0.001
AlP 0.55(0.33-0.71) 0.37(0.21-0.50) <0.001
TyG 9.03 (8.66-9.41) 8.73 (8.38-9.15) <0.001
Mod-TyG 268.88 (230.32-301.77) 264.33 (235.75-313.58) 0.559

AlP: Atherogenic index of plasma; BMI: Body mass index; CSF: Coronary slow flow; HDL-C: High-density lipoprotein cholesterol; LAD: Left anterior descending artery;
LCX: Left circumflex artery; Mod-TyG: Modified triglyceride-glucose index; RCA: Right coronary artery; TFC: TIMI frame count; TIMI: Thrombolysis in myocardial infarc-

tion; TyG: Triglyceride—glucose index.

(AIP, TyG, and Mod-TyG) and angiographic flow parameters
(TFCs) were evaluated using Spearman’s rank correlation.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate discrimination for CSF, and
optimal thresholds were determined by the Youden index
(Youden=sensitivity+specificity—1). Multivariable logistic
regression was used to identify independent associations
with CSF and is reported as adjusted odds ratios with 95%
confidence intervals (Cls). Because AIP, TyG, and Mod-TyG
are mathematically related composite indices derived
from overlapping metabolic variables, they were not
entered simultaneously into the same multivariable model.
Instead, separate multivariable models were constructed
to minimize collinearity and avoid overinterpretation of
correlated predictors. Given the exploratory nature of the

vessel-specific correlation analyses, no formal adjustment
for multiple comparisons was applied, and these findings
were interpreted cautiously. Model performance was
summarized using the area under the ROC curve (AUC)
and Brier score; incremental discrimination was assessed
by bootstrap testing of AUC differences (2000 resamples).
A two-sided p<0.05 was considered statistically significant.
Analyses were performed in IBM Statistical Package for the
Social Sciences Statistics 21 and independently verified in
Python (statsmodels and scikit-learn).

Institutional Review Board Statement

The study protocol was reviewed and approved by the Non-
interventional Clinical Research Ethics Committee of Izmir
Bakircay University in accordance with the Declaration of
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Table 3. Spearman correlations between atherogenic indices and TIMI frame counts
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Index LADTFC, p (p) LCXTFC, p (p) RCATFC, p (p) Mean TFC, p (p)
AIP 0.296 (<0.001) 0.183 (0.001) 0.141 (0.013) 0.265 (<0.001)
TyG 0.212 (<0.001) 0.117 (0.040) 0.088 (0.124) 0.175 (0.002)
Mod-TyG 0.006 (0.914) 0.023 (0.684) -0.080 (0.162) -0.021 (0.715)

AIP: Atherogenic index of plasma; LAD: Left anterior descending artery; LCX: Left circumflex artery; RCA: Right coronary artery; TFC: TIMI frame count; TIMI: Thromboly-
sis in myocardial infarction; TyG: Triglyceride—glucose index.

Table 4. Multivariable logistic regression models for coronary slow flow (side-by-side presentation) and model performance

Predictor AIP model: OR (95% CI) AIP model: p TyG model: OR (95% CI) TyG model: p
AIP 22.17 (6.64-74.00) <0.001 nan nan
Age (years) 0.98 (0.95-1.01) 0.260 0.98 (0.95-1.01) 0.146
BMI (kg/m?) 0.93 (0.88-0.98) 0.006 0.92 (0.87-0.97) 0.002
Creatinine (mg/dL) 8.96 (2.13-37.77) 0.003 10.15 (2.39-43.11) 0.002
Current smoking 2.66 (1.40-5.08) 0.003 2.55(1.34-4.83) 0.004
Diabetes mellitus 0.58 (0.31-1.08) 0.085 0.35(0.17-0.71) 0.004
Hypertension 2.11(1.18-3.76) 0.012 1.83(1.03-3.26) 0.040
Male sex 0.71(0.37-1.34) 0.289 0.74 (0.39-1.40) 0.359
TyG index nan nan 3.63(2.14-6.18) <0.001
Model AUC Brier score AAUC p (vs. Clinical)

Clinical 0.717 0.210 -

Clinical + AIP 0.777 0.189 0.005

Clinical + TyG 0.778 0.192 <0.001

AIP: Atherogenic index of plasma; AUC: Area under the curve; BMI: Body mass index; Cl: Confidence interval; CSF: Coronary slow flow; OR: Odds ratio; TyG: Triglyceride—

glucose index.

Helsinki (Decision No. 2715, Approval Date: January 09,
2026). Patient consent was waived due to the retrospective
nature of this study and the anonymization of patient data.

Results

A total of 307 patients were included (CSF: n=132;
normal coronary flow: n=175). Baseline characteristics
are presented in Table 1. Patients with CSF were younger
and more frequently male and current smokers. The CSF
group also showed higher fasting glucose and triglyceride
levels and lower HDL-C. Angiographic flow parameters
and derived indices are summarized in Table 2; vessel-
specific and mean TFCs were substantially higher in CSF
(all p<0.001). AIP and TyG were higher in CSF, whereas
Mod-TyG showed no meaningful separation. Spearman
correlation analyses (Table 3) showed positive correlations
between AIP and LAD, LCX, RCA, and mean TFC, and weaker
positive correlations between TyG and LAD/LCX/mean
TFC; Mod-TyG was not correlated with TFC measures. ROC
curves are shown in Figure 1. AIP demonstrated moderate
discrimination for CSF (AUC=0.685, 95% Cl 0.624-0.747),
and TyG demonstrated modest discrimination (AUC=0.634,
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Figure 1. Receiver operating characteristic curves of the atherogenic
index of plasma (AIP), triglyceride—-glucose index (TyG), and modi-
fied TyG (Mod-TyG) for the identification of coronary slow flow. AIP
demonstrated superior discriminative performance compared with
TyG, whereas Mod-TyG showed poor discriminative performance.
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95% C10.572-0.696), whereas Mod-TyG did not discriminate
CSF (AUC=0.480, 95% Cl 0.415-0.546). Using the Youden
index, the optimal cutoff for AIP was =0.5199 (sensitivity
53.8%, specificity 79.4%, and Youden 0.332). For TyG, the
optimal cutoff was =8.6141 (sensitivity 78.0%, specificity
44.0%, and Youden 0.220). For Mod-TyG, the maximal
Youden index was low (0.016) at a cutoff >=280.5327
(sensitivity 43.9%, specificity 57.7%), consistent with poor
overall discrimination. Multivariable logistic regression
results are reported in Table 4. In the model including
AIP, AIP remained an independent predictor of CSF after
adjustment for clinical covariates. In the model including
TyG, TyG was independently associated with CSF. Model
discrimination improved when adding AIP or TyG to the
clinical model (Table 4; model performance).

Discussion

The present study demonstrated that lipid-derived and
metabolic atherogenicindices were significantly associated
with CSF. In our cohort, AIP showed the strongest
association with CSF and was consistently correlated with
corrected TFCs in all major coronary arteries. The TyG index
was also significantly related to CSF presence, although
its discriminative performance was inferior to that of
AIP. In contrast, the Mod-TyG index did not demonstrate
meaningful discriminative performance in this cohort.
Notably, the associations of both AIP and TyG with corrected
TFCs were more pronounced in the LAD compared with the
LCX and RCA, suggesting a territory-specific vulnerability
of the LAD to microvascular and metabolic disturbances.

CSF is most commonly recognized during angiographic
evaluation of chest pain in patients without significant
epicardial coronary artery obstruction; however, it has also
been linked to ischemia-related presentations, including
acute coronary syndrome-like episodes and, in selected
reports, ventricular arrhythmias, suggesting that CSF may
carry clinically meaningful consequences rather than
representing a benign angiographic variant 219, From a
clinical perspective, AIP may serve as a simple and readily
available adjunctive marker to identify patients who are
more likely to exhibit impaired coronary flow in the absence
of obstructive epicardial disease, particularly among
patients presenting with chest pain without obstructive
epicardial disease. Viewed within the spectrum of coronary
microvascular dysfunction, CSF appears to reflect impaired
microvascularregulation; moreover, metabolicdysregulation
and inflammatory activation have been repeatedly reported
in this setting, providing a plausible mechanistic link to
endothelial dysfunction and heightened microvascular
resistance 420211 These alterations may contribute to the
delayed coronary contrast progression characteristic of CSF.

Large observational analyses and meta-analyses have
indicated that elevated AIP is independently linked to
obstructive coronary artery disease, acute coronary
syndromes, and adverse cardiovascular outcomes, including
major adverse cardiovascular events, particularly in
hypertensive and high-risk populations 22-24, Moreover,
studies evaluating coronary microvascular dysfunction have
shown that higher AIP and TyG index levels are significantly
linked to impaired coronary microcirculatory function and
increased disease severity 251, Collectively, these findings
reinforce the concept that atherogenic dyslipidemia and
metabolic imbalance contribute substantially to coronary
vascular dysfunction and provide a strong biological rationale
for investigating lipid-derived indices in CSF. Beyond CSF,
elevated AIP has been consistently associated with adverse
cardiovascular phenotypes, including impaired coronary
microvascular perfusion, such as the no-reflow phenomenon
after primary PCl and an increased long-term risk of heart
failure, underscoring its role as a marker of systemic lipid-
driven atherogenic burden ['2:26], As an established indicator
of insulin resistance, the TyG index has also been implicated in
microvascular involvement across a range of cardiovascular
conditions. Priorinvestigations have demonstrated that TyGis
associated with coronary flow abnormalities across different
clinical settings, including CSF in patients without obstructive
lesions and no-reflow phenomena in ST-segment elevation
myocardial infarction, suggesting a potential contribution
of metabolic dysregulation to impaired coronary perfusion
[27.28] |n a recent systematic review and meta-analysis,
elevated TyG levels were independently linked to a higher risk
of heart failure and adverse cardiovascular outcomes across
diverse populations, further reinforcing their prognostic
relevance 291, Taken together, these studies demonstrate
the clinical relevance of AIP and TyG as metabolic indices
linked to cardiovascular risk factors. Despite their theoretical
advantage in capturing the combined metabolic and
anthropometric burden, evidence linking Mod-TyG indices
to CSF is limited, and no significant association was observed
in our cohort.

In the multivariable analysis, creatinine and BMI were also
independently associated with CSF. Renal dysfunction has
been linked to endothelial dysfunction and microvascular
impairment, which may contribute to delayed coronary
flow. Similarly, increased BMI reflects adiposity-related
inflammatory and metabolic alterations that may adversely
affect coronary microcirculation.

Overall, our findings indicate that CSF is largely driven
by a lipid-related atherogenic burden, which appears
to play a pivotal role in its underlying pathophysiology.
The superior performance of AIP compared with TyG and
Mod-TyG indicates that indices reflecting qualitative lipid
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abnormalities may be more informative than composite
metabolic—anthropometric markers in identifying coronary
microvascular dysfunction.

Although AIP demonstrated the highest AUC among
the evaluated indices, its discriminative performance
remained in the moderate range. Therefore, these indices
should not be interpreted as standalone diagnostic tools
but rather as supportive markers that may contribute
to risk stratification in patients with suspected CSF.
Future prospective studies incorporating functional
microvascular assessments and longitudinal clinical
outcomes are warranted to further clarify the prognostic
implications of lipid-derived indices and their potential
role in guiding risk stratification in CSF.

Limitations

This study had some limitations. First, it was conducted
retrospectively at a single center, which may restrict the
generalizability of theresults. CSF assessmentwasbased onthe
TFC rather than direct invasive microvascular measurements.
In addition, unmeasured metabolic and clinical confounders
may have influenced these associations. Finally, the cross-
sectional design did not allow for determining causality.

Conclusion

AIP and TyG were significantly associated with CSF, whereas
Mod-TyG showed limited discriminative ability. Among
these indices, AIP demonstrated a comparatively superior
discriminatory performance. These findings support a
link between lipid-related atherogenic burden and CSF;
however, further prospective, multicenter studies are
needed to confirm these observations and to clarify their
potential clinical significance.
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Global Online Search Interest in Sarcopenia: A Google Trends
Analysis

Yunus Emre Dogan

Department of Physical Medicine and Rehabilitation, Fatih Sultan Mehmet Training and Research Hospital, istanbul, Tiirkiye

Abstract

Introduction: Online search engines have increasingly become important tools for accessing health-related information.
This study aimed to evaluate global public interest in sarcopenia over the past decade using Google Trends (GT).

Methods: Ten sarcopenia-related terms commonly used in physical medicine and rehabilitation — elderly, muscle mass,
muscle quality, muscle strength, physical performance, sarcopenia, aging, body composition, muscle, and disability — were
analyzed using GT. Searches were conducted in English with the "All categories,"Web search,"and “Worldwide"filters applied.
The 10-year study period (September 7, 2015-September 8, 2025) was divided into two consecutive 5-year periods. Relative
search volumes for each term were compared between these periods.

Results: Search interest in all ten terms increased significantly during the second 5-year period (p<0.001). These findings
demonstrate increasing global search interest in sarcopenia and a broader set of related concepts associated with muscle
health, aging, and physical function, potentially reflecting changes in online health information-seeking behavior.
Discussion and Conclusion: Global online interest in sarcopenia and related terms has increased substantially in recent
years. Developing evidence-based online educational content that incorporates frequently searched terms may facilitate
access to reliable health information and support efforts aimed at the prevention and early recognition of sarcopenia.
Keywords: Aging; Google trends; muscle mass; muscle strength; sarcopenia.

Sarcopenia is a geriatric syndrome characterized by
a progressive decline in skeletal muscle mass and
function, resulting in various adverse health outcomes. It
involves a gradual deterioration in muscle quantity and
strength, ultimately contributing to functional impairment.
Reported prevalence rates vary according to the diagnostic
criteria used; however, global estimates indicate that
approximately 10-16% of older adults are affected [,
Although sarcopenia is more prevalent among older adults,
the loss of muscle tissue typically begins around the fourth
decade of life. Consequently, its adverse effects on quality

of life, healthcare utilization, morbidity, and mortality
may affect both middle-aged and older individuals [2,
The etiology of sarcopenia is multifactorial and involves
intrinsic muscular changes, hormonal dysregulation, and
external factors such as inadequate nutritional intake 1. In
addition to aging, low body mass, female sex, and chronic
comorbidities have been identified as risk factors that may
increase susceptibility to sarcopenia and its associated
adverse health outcomes 141,

In recent years, the increasing availability of online health
information resources has enabled individuals to access
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information about medical conditions more easily and at
minimal cost 156, Search engines facilitate the efficient
retrieval of such information. Among these, Google
(Google Inc., California, USA) is the most widely used search
engine, accounting for approximately 90% of global search
activity /1. Google Trends (GT) provides data on the relative
search volume (RSVs) of specific terms over time and across
geographical regions 8. Through the GT platform, users
can examine temporal and geographical patterns in the
popularity of specific search terms. For example, Teng et
al. 1 demonstrated that GT data could be used to predict
patterns in the spread of the Zika virus outbreak. Similarly,
Sevgili and Baytaroglu used GT to evaluate public interest
in cardiovascular diseases during the COVID-19 pandemic
and reported a marked decline in related searches [10],

Although GT has been widely used to investigate online
search behavior and public interest in various medical
conditions, to our knowledge, no previous study has
specifically evaluated search trends related to sarcopenia
and associated terms. Therefore, the present study aimed
to evaluate global online search interest in sarcopenia and
related terms over the past decade using GT data.

Materials and Methods

The present study was conducted between September
1 and September 20, 2025. Ten sarcopenia-related
search terms commonly used in the field of physical
medicine and rehabilitation were analyzed: Elderly,
muscle mass, muscle quality, muscle strength, physical

Dogan. Interest in Sarcopenia / doi: 10.14744/hnhj.2026.93265

performance, sarcopenia, aging, body composition,
muscle, and disability. These terms were selected based
on the definitions and recommendations of the European
Working Group on Sarcopenia in Older People, the Asian
Working Group for Sarcopenia, and the International
Working Group on Sarcopenia [11-13]. All selected terms
were analyzed using GT with the “All categories,” “Web
search,”and “Worldwide” filters applied.

GT

GT is a freely available web-based analytics tool that
provides information on the relative popularity of search
queries entered into the Google search engine over a
specified period. Search interest is normalized on a scale
from 0 to 100, with 100 representing the peak popularity
of a search term within the selected time and geographical
range, while lower values indicate proportionally lower
search interest ['4. Because RSV values are normalized
relative tothe selected query, time period, and geographical
setting, they should primarily be interpreted as indicators
of relative search interest within the corresponding Google
Trends context rather than as absolute search volumes.
Accordingly, absolute RSV magnitudes across different
search terms should be compared with caution 14,

To evaluate global online search interest in sarcopenia
over the past decade, the 10-year study period was divided
into two consecutive 5-year intervals: September 7, 2015-
September 7, 2020, and September 8, 2020-September 8,
2025.The RSV values of the ten selected search terms were

Sarcopenia — Google Trends (2015-2025)
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Figure 1. Changes in the term “sarcopenia” by years in the Google Trends data.
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Table 1. Comparison of Google Trends relative search volume for sarcopenia-related terms between the two 5-year periods

From September 7, 2015 to From September 8, 2020 to p

September 7, 2020 September 8, 2025

median (min-max) median (min-max)
Aging 34 (26-100) 36 (29-66) <0.001*
Body composition 32 (13-54) 49 (25-100) <0.001*
Disability 56 (33-72) 68 (41-100) <0.001*
Elderly 31 (24-100) 35(31-62) <0.001*
Muscle mass 56 (41-67) 62 (42-100) <0.001*
Muscle quality 10 (0-16) 17 (7-100) <0.001*
Muscle strength 41 (27-53) 55(31-100) <0.001*
Muscle 80 (65-93) 85 (64-100) <0.001*
Physical performance 15 (8-20) 26 (11-100) <0.001*
Sarcopenia 20 (7-33) 44 (16-100) <0.001*

*: Data are presented as median (minimum-maximum). p-values were calculated using the Mann-Whitney U test. RSV, relative search volume. p<0.05.

compared between the two periods. In addition, the annual
and geographical distributions of searches for the term
Sarcopenia were examined using GT data, and changes in
search interest over time were visualized (Fig. 1).

As this study exclusively analyzed publicly available,
anonymized aggregate search data and did not involve
human participants, identifiable personal data, or animals,
ethics committee approval was not required.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics version 27 (IBM
Corp., Armonk, NY, USA). GT RSV values were obtained for
each of the ten predefined sarcopenia-related search terms
over the study period. The data were divided into two
consecutive 5-year periods: September 7, 2015-September
7,2020, and September 8, 2020-September 8, 2025.

For each search term, RSV values were compared between
the two 5-year periods using the Mann-Whitney U test,
resulting in ten separate between-period comparisons. As
a nonparametric statistical approach was used, RSV values
are presented as median (minimum-maximum) in Table 1.
A two-sided p<0.05 was considered statistically significant
for the primary analyses.

Given the exploratory nature of the study, the analyses
were considered hypothesis-generating. Nevertheless, to
account for multiple comparisons, a Bonferroni-adjusted
significance threshold of 0.005 was also applied to the ten
search-term comparisons. All observed p-values remained
statistically significant after this adjustment.

Annual and geographical distributions of Google
search interest for the term sarcopenia were evaluated
descriptively. In addition, longitudinal changes in RSV

for sarcopenia and muscle mass over the entire 10-year
period were examined descriptively and presented
graphically. No additional inferential statistical analyses
were performed for the annual, geographical, or
longitudinal assessments.

Results

A comparative summary of GT data for the two consecutive
5-year periods is presented in Table 1. For each of the
ten search terms examined - aging, body composition,
disability, elderly, muscle mass, muscle quality, muscle
strength, muscle, physical performance, and sarcopenia
— RSV values were compared between the two periods
using the Mann-Whitney U test. Search interest in all ten
terms increased significantly during the second 5-year
period (all p<0.001).

For each of the ten search terms, median RSV values were
higher during the 2020-2025 period than during the
2015-2020 period (Table 1).

Across the countries analyzed, search interest in sarcopenia
was higher during the 2020-2025 period than during
2015-2020.The largest increases in RSV for sarcopenia were
observed in Venezuela, the United Arab Emirates, Romania,
Uruguay, and Vietnam (Fig. 2). Similarly, search interest in
muscle mass increased in the majority of countries, with
the largest increases observed in the Philippines, Hungary,
Nigeria, Switzerland, and Hong Kong (Fig. 3).

Temporal trends in RSV for sarcopenia and muscle mass
over the entire 10-year period are presented in Figure 4.
Both terms showed higher RSV values during the second
5-year period than during the first, indicating an overall
upward trend in global online search interest from 2015
to 2025. The statistical significance of all ten search-term
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Figure 2. Distribution of searches for the term “sarcopenia” by years and countries.
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Figure 3. Distribution of searches for the term “muscle mass” by years and countries.
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Figure 4. Change in the terms sarcopenia and muscle mass between 2015 and 2025.

comparisons was maintained after application of the
Bonferroni-adjusted significance threshold of 0.005, with
all p-values remaining <0.001.

Discussion

With the rapid expansion of digital health resources,
patients and their relatives increasingly rely on internet-
based platforms to understand symptoms, explore
treatment options, and obtain information on disease
prevention and management U5 Sarcopenia is a
progressive skeletal muscle disorder associated with an
increased risk of falls, fractures, physical disability, and

mortality and its prevalence increases markedly with
age. As clinical knowledge of sarcopenia has advanced,
the condition has gained increasing recognition as an
important public health concern and a major challenge
to healthy aging. Nevertheless, its underlying molecular
mechanisms remain only partially understood, and
considerable variability persists in diagnostic approaches
and therapeutic strategies. Moreover, the subtle onset
of early symptoms may contribute to underrecognition,
while interindividual differences in clinical presentation
can complicate the longitudinal assessment of disease
progression [16],
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The present study aimed to identify patterns of global
online search interest in sarcopenia and related terms
using GT. Our findings demonstrated a significant
increase in online search interest in sarcopenia over the
past decade, particularly during the most recent 5-year
period. Similar increases were observed for elderly,
muscle mass, muscle quality, muscle strength, physical
performance, aging, body composition, muscle, and
disability, suggesting growing online information-
seeking behavior regarding concepts associated with
muscle health and aging. However, several of these
terms, such as “muscle” “elderly,” “aging,” “disability,’
and “body composition,” are not specific to sarcopenia;
therefore, increases in their search interest should not
be interpreted as direct evidence of increased public
awareness of sarcopenia.

Greater public awareness of a disease may encourage
earlier engagement with healthcare services, potentially
facilitating timely diagnosis and intervention. Plackett
et al. 7] reviewed 23 studies examining the relationship
between social media engagement and early cancer
detection and highlighted the potential role of online
platforms in promoting screening and diagnosis.
Similarly, Mandrola and Futyma noted that the translation
of scientific evidence into clinical practice may take more
than 15 years and suggested that social media could help
accelerate the dissemination of scientific knowledge
(18] In addition, Nuti et al. ['®) demonstrated the broad
application of GT data in examining public interest and
health information-seeking behavior across a wide range
of health-related topics.

Several studies have used GT to investigate online search
interest in chronic diseases and their management. Bucak
reported a marked global increase in searches related to
lymphedema and minimally invasive treatments over the
past decade 1291, Yiicesoy et al. [2'l investigated online
search interest in antirheumatic drugs during the COVID-19
pandemic and reported significant increases in searches
for several medications, including hydroxychloroquine
(Plaquenil) and tocilizumab (Actemra), during different
phases of the pandemic. Erden et al. [22 evaluated
online interest in lipedema-related content and reported
increasing search activity in both high- and low-income
countries, with greater interest observed in higher-
income regions. Cinar analyzed search behavior related
to minimally invasive treatments for osteoarthritis and
found a significant increase in related searches over the
previous 5 years [231, Similarly, Dede et al. 241 examined
global and seasonal patterns in osteoporosis-related
searches, highlighting the substantial public interest in this
widespread health condition.
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A previous study published in 2020 compared GT
search interest in sarcopenia with that in dementia
and osteoporosis and found that sarcopenia attracted
relatively less search interest 251, However, that study
did not evaluate related terms such as muscle mass or
muscle strength. In contrast, our analysis demonstrated
a substantial increase in global online search interest not
only in sarcopenia itself but also in several related terms
during the most recent 5-year period. These findings
suggest that incorporating frequently searched terms into
evidence-based online educational content may facilitate
access to reliable information for individuals seeking
information about sarcopenia.

Limitations

This study has several limitations. First, the analysis was
restricted to Google search data and did not include data
from other search engines. Nevertheless, given Google’s
substantial share of the global search engine market, its
data may provide a useful indication of online information-
seeking behavior. Second, all search terms were analyzed
in English, which may have limited the representation of
search behavior in non-English-speaking populations.
In addition, the analysis was limited to ten predefined
search terms, although individuals may use different or
additional terms when seeking information related to
sarcopenia. Importantly, several of the selected terms,
including “muscle,” “elderly,” “aging,” “disability,” and “body
composition,’represent broad concepts that are not specific
to sarcopenia. Therefore, increases in search interest for
these terms should not be interpreted as direct evidence of
increased public awareness of sarcopenia. Finally, GT RSV
values are normalized according to the selected query, time
period, and geographical context and do not represent
absolute search volumes. Accordingly, direct comparisons
of absolute RSV magnitudes across different search terms
should be interpreted with caution.

Conclusion

This study demonstrated a significant increase in global
online search interest in sarcopenia, together with
increased search interest in a broader set of concepts
related to muscle health, aging, and physical function, over
the past 5 years. The findings highlight the potential value
of incorporating frequently searched terms into evidence-
based online health content to facilitate access to reliable
information about sarcopenia. Improving the availability
and accessibility of accurate digital health information may
support greater recognition and understanding of this
age-associated condition.
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Abstract

Introduction: Xanthelasma palpebrarum (XP) has been increasingly recognized as a potential cutaneous marker of sys-
temic metabolic and vascular disorders. The ankle—brachial index (ABI) is a simple, non-invasive tool for detecting subclinical
atherosclerotic burden. This study aimed to investigate the association between xanthelasma and ABI.

Methods: In this single-center, descriptive cross-sectional study, 121 participants were evaluated. Patients with clinically
diagnosed xanthelasma formed the study group, while age- and sex-matched individuals without xanthelasma served as
controls. Demographics, cardiovascular risk factors, body mass index (BMI), and laboratory parameters were recorded. ABI
was measured using a handheld Doppler device, with values <0.90 indicating peripheral artery disease and >1.30 suggest-
ing medial arterial calcification.

Results: Patients with xanthelasma had significantly higher BMI (31.8+6.4 vs. 28.7+4.1 kg/m? p=0.002), low-density lipopro-
tein (LDL) cholesterol (144.7+50.2 vs. 129.2+37.1 mg/dL; p=0.046), Homeostasis Model Assessment of insulin Resistance
(4.54+5.22 vs. 2.90+2.66; p=0.025), and free thyroxine levels (p=0.001), whereas serum 25-hydroxy Vitamin D was lower
(p=0.014). ABI values were higher in the xanthelasma group (1.41+£0.21 vs. 1.2840.18; p<0.001). The prevalence of ABI >1.30
was significantly greater (65.6% vs. 45.0%; p=0.023). Logistic regression revealed that xanthelasma increased the risk of me-
dial arterial calcification by 2.3-fold (odds ratio: 2.33; 95% confidence interval: 1.12-4.85).

Discussion and Conclusion: XP is associated with obesity, insulin resistance, elevated LDL cholesterol, and increased preva-
lence of ABI >1.30, consistent with medial arterial calcification. These findings suggest that xanthelasma may serve as a
non-invasive cutaneous marker of metabolic derangements and subclinical atherosclerotic burden. ABI measurement could
represent a valuable adjunct in the evaluation of patients with xanthelasma. Larger multicenter prospective studies are
required to validate these associations.

Keywords: Ankle-brachial index; atherosclerosis; medial arterial calcification; peripheral arterial disease; xanthelasma palpebrarum.

Atherosclerosis is one of the leading causes of and peripheral arteries results in severe clinical outcomes
cardiovascular morbidity and mortality worldwide and  in advanced stages ['l. Therefore, early identification of
often remains silent in its early stages, leading to delayed  atherosclerotic burden using non-invasive methods is of
diagnosis. Involvement of the coronary, cerebrovascular, critical importance for recognizing high-risk individuals.

*This study is derived from the medical specialty thesis of Dr. Yasemin Kaldirim Armutcuoglu, completed at Haydarpasa Numune
Training and Research Hospital, Department of Internal Medicine, in 2016.
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Xanthomas are among the most visible clinical findings of
lipid metabolism disorders. The most common subtype is
xanthelasma palpebrarum (XP), which appears as yellowish-
orange, soft plaques on the eyelids. Histopathologically,
these lesions consist of macrophagesladen with cholesterol
esters and have been shown in numerous studies to be
associated with metabolic and atherosclerotic conditions
such as obesity, insulin resistance, dyslipidemia, diabetes
mellitus, and coronary artery disease [2-61,

Arterial calcification is a heterogeneous process that can
involve both the intimal and medial layers of the arterial wall.
Intimalcalcificationisanintegralcomponentofatherosclerotic
plague development and directly reflects atherosclerotic
burden. Medial arterial calcification (Monckeberg's sclerosis),
on the other hand, is more commonly associated with
diabetes, chronic kidney disease, and aging. Although medial
calcification is not synonymous with atherosclerosis, the two
conditions frequently coexist and contribute to increased
arterial stiffness, elevated ankle—brachial index (ABI) values
(ABI >1.30), and heightened cardiovascular risk [7-91,

However, studies investigating the relationship between
XP and ABI, which is considered a non-invasive indicator of
atherosclerotic risk, are scarce. Although evidence exists in
the literature linking XP to cardiovascular events, its impact
on subclinical atherosclerotic risk as assessed by ABI has
not been sufficiently explored ['0111 ABI is a simple, rapid,
and reliable measurement that serves as a valuable method
for detecting systemic atherosclerotic burden, particularly
peripheral arterial disease (PAD) [12],

The present study aimed to compare ABI measurements
between individuals with and without XP and to investigate
whether XP can serve as a cutaneous marker of systemic
atherosclerotic burden.

Materials and Methods

This single-center, descriptive cross-sectional study was
conducted in the Department of Internal Medicine over
a 3-month period. Patients with a clinical diagnosis of XP
were assigned to the study group, while individuals without
XP served as controls. Inclusion criteria were age between
25 and 85 years and absence of pregnancy. Patients who
did not meet these criteria were excluded.

All participants underwent a detailed clinical evaluation.
Demographic characteristics, cardiovascular risk factors,
smoking history, comorbidities, body mass index (BMI), and
laboratory parameters were recorded. BMI was calculated
as body weight in kilograms divided by the square of
height in meters. Insulin resistance was assessed using
the homeostasis model assessment of insulin resistance
(HOMA-IR) index, calculated as fasting plasma glucose
(mg/dL)xfasting insulin level (uU/mL)/405.

ABI measurements were performed using a BIDOP ES-
100V3 Doppler device. All participants rested for at least 10
min before the measurements. Systolic blood pressure was
obtained from both brachial arteries and from the dorsalis
pedis and posterior tibial arteries of both lower extremities.
Foreach leg, the highest ankle systolic pressure was divided
by the highest brachial systolic pressure to calculate the
ABI value. An ABI <0.90 was considered indicative of PAD,
while an ABI =1.30 was interpreted as evidence of medial
arterial calcification [13:14],

Comorbid conditions assessed included coronary artery
disease, Type 1 or Type 2 diabetes mellitus, cerebrovascular
disease, previous diagnosis of PAD, hypertension, and a
history of coronary revascularization or stenting.

Approval for the conduct of this study was obtained from
the Haydarpasa Numune Training and Research Hospital
Institutional Educational Planning Committee (Approval
No: E-62977267-771-296755756; Date: December 03,2025).

All procedures were conducted in accordance with the
principles of the Declaration of Helsinki. Written informed
consent was obtained from all participants before enroliment.

Statistical Analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences version 21 (IBM Corp.,
Armonk, NY, USA).

Continuousvariables were evaluated for normal distribution
using the Shapiro-Wilk test and inspection of histograms.
Normally distributed variables were expressed as mean
(standard deviation [SD]), and non-normally distributed
variables were summarized as median (interquartile range
[IQR]). Categorical variables were presented as frequencies
and percentages.

Comparisons betweenthe controlgroup and the xanthelasma
group were performed using the independent samples
Student’s t test for normally distributed continuous variables
and the Mann-Whitney U test for non-normally distributed
variables. Categorical variables were compared using the
Chi-square (x°) test or Fisher’s exact test, as appropriate.

All statistical tests were two-sided, and a p<0.05 was
considered statistically significant.

Results

A total of 121 participants were included in the study,
comprising 78 women (64.5%) and 43 men (35.5%), with
a mean age of 54.9+9.1 years (range: 23-82). The overall
mean BMI was 30.2+5.6 kg/m’. Among all participants,
32.2% were current smokers, 23.1% had diabetes mellitus,
32.2% had hypertension, and 8.3% had coronary artery
disease (Table 1).
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Table 1. Demographic and clinical characteristics of participants

Variable Value

n %
Age (years) 54.9+9.1 (23-82)
BMI (kg/m?) 30.2+5.6 (19.6-53.0)
Female 78 64.5
Male 43 355
Smoking 39 32.2
Diabetes mellitus 28 23.1
Hypertension 39 32.2
Coronary artery disease 10 83

Data are presented as meanzstandard deviation (range) for continuous variables
and as number (percentage) for categorical variables. BMI: Body mass index.

Table 2. Biochemical characteristics of participants

Parameter MeanzSD (range)
LDL (mg/dL) 137.0+44.7 (56-309)
HDL (mg/dL) 42.1+£10.9 (18-81)
Triglycerides (mg/dL) 169.1£107.5 (45-655)
Uric acid (mg/dL) 5.1+1.4 (2.3-9.8)
25-OH vitamin D (ng/mL) 18.0+9.4 (6.3-80.0)
ABI 1.35+0.20 (0.91-1.92)
CRP (mg/L) 0.62+1.28 (0.10-9.40)

BUN (mg/dL)
Creatinine (mg/dL)

14.6+7.4 (6-69)
0.85+0.54 (0.39-6.0)

HOMA-IR 3.7+4.2 (0.38-33.0)
TSH (ulU/mL) 1.67%1.15 (0.19-6.90)
sT4 (ng/dL) 1.01+0.16 (0.48-1.54)

Data are presented as meanztstandard deviation (range). ABI: Ankle-brachial
index; BUN: Blood urea nitrogen; CRP: C-reactive protein; HDL: High-density
lipoprotein; HOMA-IR: Homeostatic model assessment of insulin resistance; LDL:
Low-density lipoprotein; TSH: Thyroid-stimulating hormone.

Biochemical evaluation showed a mean low-density
lipoprotein (LDL) cholesterol level of 137.0+44.7 mg/dL,
high-density lipoprotein (HDL) cholesterol 42.1£10.9 mg/
dL, triglycerides 169.1£107.5 mg/dL, HOMA-IR 3.7+4.2, and
serum 25-hydroxy Vitamin D 18.0+£9.4 ng/mL. The mean
ABIl in the total cohort was 1.35+0.20 (Table 2).

When stratified by the presence of XP, in the XP group, the
mean BMI was 31.8+6.4 kg/m? whereas in the control group
it was 28.7+4.1 kg/m? (p=0.002) and were more frequently
female (59.0% vs. 34.9%; p=0.019). No significant differences
were observed between groups in smoking, diabetes,
hypertension, or coronary artery disease (p>0.05) (Table 3).

Laboratory comparisons revealed higher LDL cholesterol
(144.7+£50.2 vs. 129.2+37.1 mg/dL; p=0.046), HOMA-IR
(4.54+5.22 vs. 2.90+2.66; p=0.025), and free thyroxine (fT4)

Table 3. Demographic and clinical characteristics according to the
presence of xanthelasma

Variable Control XP p
(n=60) (n=61)

Age (years) 54.7+7.8 55.2+10.4 0.766
BMI (kg/m?) 28.7+4.1 31.8+6.4 0.002
Female, n (%) 32 (41.0) 46 (59.0) 0.019
Smoking, n (%) 19 (48.7) 20(51.3) 1.000
Diabetes, n (%) 12 (42.9) 16 (57.1) 0.551
Hypertension, n (%) 24 (61.5) 15 (38.5) 0.105
Coronary artery disease, n (%) 6 (60.0) 4 (40.0) 0.529

Data are presented as meanzstandard deviation or number (percentage). Con-
tinuous variables were compared using Student’s t test or Mann-Whitney U test
according to distribution normality, and categorical variables were compared
using the Chi-square test or Fisher’s exact test, as appropriate. XP: Xanthelasma
palpebrarum; BMI: Body mass index.

Table 4. Laboratory findings according to the presence of
xanthelasma

Parameter Control (n=60) XP (n=61) P
LDL (mg/dL) 129.2+37.1 144.7+50.2 0.046
HDL (mg/dL) 41.9+10.7 42.3+11.2 0.869
Triglycerides (mg/dL) 178.3£103.2 160.0£111.8 0.116
Uric acid (mg/dL) 5.15+1.45 5.07+1.39 0.740
25-OH vit D (ng/mL) 19.0£7.1 17.0£11.1 0.014
CRP (mg/L) 0.53+1.07 0.70+1.47 0.215
BUN (mg/dL) 14.748.3 14.616.5 0.897
Creatinine (mg/dL) 0.89+0.69 0.80+0.32 0.274
HOMA-IR 2.90+2.66 4.54+5.22 0.025
TSH (puIU/mL) 1.70+£1.17 1.64+£1.13 0.694
sT4 (ng/dL) 0.96+0.14 1.05+0.16  0.001**

**: p<0.05 indicates statistical significance. Data are presented as meanzstan-
dard deviation for normally distributed variables and as median (interquartile
range) for non-normally distributed variables. Comparisons were performed
using Student’s t test or Mann-Whitney U test, as appropriate. Categorical vari-
ables were compared using the Chi-square test or Fisher’s exact test. XP: Xan-
thelasma palpebrarum; BUN: Blood urea nitrogen; CRP: C-reactive protein; HDL:
High-density lipoprotein; HOMA-IR: Homeostatic model assessment of insulin
resistance; LDL: Low-density lipoprotein; TSH: Thyroid-stimulating hormone.

levels (1.05+0.16 vs. 0.96+0.14 ng/dL; p=0.001) in the XP
group, whereas serum 25-hydroxy Vitamin D levels were
significantly lower (17.0+£11.1 vs. 19.0+7.1 ng/mL; p=0.014).
No significant group differences were observed for HDL
cholesterol, triglycerides, uric acid, C-reactive protein (CRP),
blood urea nitrogen, creatinine, or thyroid-stimulating
hormone levels (Table 4).

ABI measurements showed that individuals with XP had
higher mean values compared with controls (1.41+0.21
vs. 1.28+0.18; p<0.001). Moreover, the prevalence of ABI
>1.30 was significantly higher in the XP group (65.6% vs.
45.0%; p=0.023). Logistic regression analysis demonstrated
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Table 5. ABI measurements according to the presence of
xanthelasma

Parameter Control Xanthelasma p
(n=60) (n=61)

ABI (mean) 1.28+0.18 1.41£0.21 0.001

ABI 0.90-1.30, n (%) 33 (55.0) 21 (34.4) 0.023

ABI =1.30, n (%) 27 (45.0) 40 (65.6) 0.023

Data are presented as meanztstandard deviation or number (percentage).
Continuous variables were compared using Student’s t test, and categorical
variables were compared using the Chi-square test. ABI: Ankle-brachial index.

that the presence of XP increased the risk of medial arterial
calcification approximately 2.3-fold (odds ratio [OR] 2.33;
95% confidence interval [Cl] 1.12-4.85), indicating an
independent association between XP and subclinical
arterial calcification (Table 5).

Discussion

XP, traditionally considered a benign cutaneous lesion,
has increasingly been associated with systemic metabolic
and vascular risk. In this descriptive cross-sectional study,
individuals with XP exhibited higher BMI, increased insulin
resistance, elevated LDL cholesterol levels, and significantly
higher ABI values, with a greater prevalence of ABI >1.30.
These findings indicate an association between XP and
metabolic abnormalities accompanied by subclinical
vascular changes consistent with medial arterial calcification.

A large prospective cohort study demonstrated that
xanthelasmata are associated with an increased risk of
atherosclerotic vascular disease and mortality in the general
population "], Notably, that study did not identify a strong
association between XP and obstructive PAD defined
by an ABI <0.90, despite the observed relationship with
cardiovascular events. This observation suggests that XP may
be related to early vascular changes rather than advanced
peripheral arterial obstruction. In contrast to that longitudinal
cohort, the present cross-sectional study demonstrated that
individuals with XP more frequently exhibited elevated ABI
values (=1.30), consistent with medial arterial calcification,
using asimple and non-invasive screening method applicable
in routine internal medicine practice without the need for
invasive procedures such as angiography.

In the present study, no individuals with XP exhibited an
ABI <0.90. The absence of PAD, defined as an ABI<0.90, in
this cohort should be interpreted with caution. First, the
study population mainly included relatively ambulatory
outpatient individuals rather than high-risk vascular
patients, which may have reduced the likelihood of
detecting PAD. Second, the cross-sectional design and
the modest sample size may have limited the detection of

low-prevalence conditions such as PAD. Finally, previous
studies suggest that xanthelasma is more closely related
to early vascular changes rather than advanced obstructive
disease, which may help explain why no PAD cases were
identified in this study.

Previous data have reported no significant differences in
the prevalence of traditional cardiovascular comorbidities,
including hypertension, diabetes mellitus, or dyslipidemia,
betweenindividuals withand without XP [0, In contrast, the
present cohort demonstrated higher BMI, LDL cholesterol
levels, HOMA-IR values, and a greater frequency of elevated
ABI among patients with XP. These differences may be
related to variations in study populations. Prior analyses
were conducted in relatively healthier ophthalmology clinic
settings, whereas the current study evaluated an internal
medicine outpatient population with a higher metabolic
burden. This difference in clinical context may have
contributed to the identification of vascular associations
that were not apparent in populations with lower baseline
cardiometabolic risk.

Previous studies have evaluated non-invasive vascular
indices in individuals with XP and reported evidence of
subclinical vascular involvement. Increased carotid intima-
mediathickness (CIMT)andabnormalitiesinarterial stiffness
indices, including the cardio-ankle vascular index, have
been described in patients with XP compared with controls,
suggesting an association with early atherosclerotic
changesindependent of overtlipid abnormalities [1>:16], The
present findings extend this evidence by demonstrating
that elevated ABI values (ABI =1.30), consistent with medial
arterial calcification, are more frequent in individuals with
XP. Collectively, these observations indicate that XP may be
associated with subclinical vascular changes assessed by
multiple non-invasive modalities, including CIMT, arterial
stiffness indices, and ABI.

In the present cohort, XP was associated with a higher
metabolic burden. Individuals with XP had greater BMI
values and higher HOMA-IR levels, indicating obesity
and insulin resistance. In addition, LDL cholesterol levels
were significantly elevated in the XP group, whereas HDL
cholesterol and triglyceride levels did not differ between
groups. These findings indicate an association between XP
and obesity-related metabolic abnormalities accompanied
by atherogenic dyslipidemia.

The observed association between XP and elevated LDL
cholesterol is consistent with previous reports linking
lipid abnormalities to both the presence and clinical
characteristics of XP ['7-19], Prior studies have shown that
adverse lipid profiles may be present in patients with XP
even in the absence of familial hypercholesterolemia and
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that dyslipidemia is common among affected individuals.
Taken together, these data support the interpretation that
XP represents a visible clinical indicator of atherogenic
dyslipidemia, particularly elevated LDL cholesterol,
although associations with HDL cholesterol and
triglycerides appear less consistent across studies.

Recent studies reported no significant association between
BMI, fasting glucose, and XP 290, |n contrast, the present
cohort demonstrated higher BMI and HOMA-IR values in
individuals with XP, together with elevated ABl values.These
differences may reflect variations in baseline metabolic risk
and clinical characteristics across study populations.

In the present study, the prevalence of XP was significantly
higher among women compared with men (59% vs. 34.9%,
p=0.019). Similar female predominance has been reported
in other cohorts [17:19], although other studies have reported
no significant sex-based differences ['8], indicating potential
population heterogeneity. With respect to comorbid
conditions, the prevalence of diabetes mellitus, hypertension,
and coronary artery disease did not differ significantly
between individuals with and without XP. Although the
prevalence of classical cardiometabolic comorbidities was
similar between groups, patients with XP demonstrated
significantly higher BMI, LDL cholesterol, and HOMA-IR
levels. This suggests that XP may be more closely associated
with early metabolic dysfunction rather than established
disease. This observation is consistent with previous case-
control findings showing no strong association between
XP and established cardiovascular comorbidities [10],
Collectively, these data suggest that XP may be more closely
associated with metabolic abnormalities and subclinical
vascular changes, including increased BMI, insulin resistance,
elevated LDL cholesterol, and higher ABI values, rather than
with clinically overt cardiovascular disease.

Serum 25-hydroxy Vitamin D levels were significantly lower
in individuals with XP. Although evidence directly linking
Vitamin D status to XP is limited, vitamin D deficiency
has been associated with insulin resistance, dyslipidemia,
and increased cardiovascular risk (222 The observed
difference in Vitamin D levels may therefore be related to
concurrent metabolic abnormalities rather than a direct
effect on XP development. Further studies are required to
clarify the clinical relevance of this association.

Traditional cardiovascular comorbidities, including
diabetes mellitus, hypertension, and coronary artery
disease, did not differ significantly between patients with
and without XP. This finding may reflect the relatively
modest sample size or differences in referral patterns.
Notably, the presence of higher ABI values despite similar
comorbidity rates suggests that XP may be associated

with early vascular changes before the development of
clinically overt cardiovascular disease.

Limitations

This study has several limitations. First, its single-center and
cross-sectional design precludes any inference of causality
between XP and vascular or metabolic risk factors. Second,
the sample size was relatively limited (n=121), which limited
the statistical power for subgroup analyses. ABl =1.30 was
used as an indirect marker of medial arterial calcification,
and imaging-based confirmation of vascular calcification
was not performed. In addition, residual confounding by
unmeasured factors cannot be excluded. These limitations
should be considered when interpreting the results. In
addition to its limitations, this study has several strengths.
ABI measurements were performed using a standardized
and non-invasive method, allowing consistent assessment
across all participants. Furthermore, the inclusion of a
well-defined control group enabled direct comparison of
metabolic and vascular parameters.

Conclusion

XP was associated with obesity, insulin resistance, elevated
LDL cholesterol levels, and a higher prevalence of ABI >1.30,
consistent with medial arterial calcification. These findings
support the role of xanthelasma as a visible clinical marker
of underlying metabolicand subclinical vascularalterations.
Routine recognition of xanthelasma in clinical practice may
prompt further cardiometabolic risk assessment, including
ABI measurement. Future large-scale, prospective studies
are needed to clarify its prognostic value and potential role
in cardiovascular risk stratification.
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Abstract

Introduction: Minimally invasive direct coronary artery bypass (MIDCAB) is an established alternative to full sternotomy for iso-
lated left anterior descending (LAD) revascularization. However, the impact of preoperative biological heterogeneity on early
postoperative recovery in homogeneous beating MIDCAB cohorts remains unclear. This study aimed to identify latent preop-
erative phenotypes using unsupervised machine learning and to evaluate their association with early perioperative outcomes.
Methods: This retrospective single-center study included consecutive patients undergoing isolated beating MIDCAB with
left internal mammary artery (LIMA) to LAD grafting between August 2020 and May 2025. Emergency and redo cases were
excluded. Preoperative variables (age, ejection fraction, hemoglobin, creatinine, C-reactive protein, and smoking exposure)
were analyzed using Gower distance and k-medoids clustering. The optimal number of clusters was determined by sil-
houette analysis. Early outcomes included operative time, intensive care unit (ICU) stay, and hospital length of stay. Cluster
stability was assessed using bootstrap resampling and the adjusted Rand index (ARI).

Results: Forty-five patients were included. Three preoperative phenotypes were identified. Age, hemoglobin, creatinine, and
smoking exposure varied across clusters, whereas ejection fraction and C-reactive protein did not differ significantly. No sig-
nificant differences were observed in operative time (p=0.5099), ICU stay (p=0.1166), or hospital stay (p=0.2538). Bootstrap
validation demonstrated moderate stability (mean ARI=0.43).

Discussion and Conclusion: Unsupervised machine learning identified distinct biological phenotypes in patients undergo-
ing isolated beating MIDCAB; however, early postoperative outcomes were comparable across groups. Larger studies are
needed to assess long-term clinical implications.

Keywords: Coronary artery bypass grafting; machine learning; minimally invasive cardiac surgery; perioperative outcomes;
phenotyping.

oronary artery bypass grafting (CABG) has long

been established as the gold standard for surgical
revascularization in patients with significant coronary
artery disease, particularly for lesions of the left anterior
descending (LAD) artery, due to its prognostic relevance
and long-term survival benefit compared with medical
therapy or percutaneous coronary intervention [,

Minimally invasive approaches to CABG, such as minimally
invasive direct coronary artery bypass (MIDCAB), were
introduced to reduce the surgical trauma associated
with full sternotomy while maintaining the long-term
effectiveness of revascularization strategies ['l. MIDCAB
typically involves an off-pump procedure via a limited left
thoracotomy with a left internal mammary artery (LIMA)-
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to-LAD anastomosis and has demonstrated favorable
safety profiles and acceptable perioperative morbidity and
mortality outcomes in multiple series [2:3],

Although MIDCAB has been widely adopted forisolated LAD
disease and as part of hybrid revascularization strategies,
its adoption remains limited compared with conventional
sternotomy approaches, partly due to the technical
demands of the procedure and uncertainties regarding
broader applicability and reproducibility across centers 4],
Comparative studies between MIDCAB and full sternotomy
off-pump CABG (OPCAB) have shown similar early and long-
term survival and major adverse events, with some evidence
suggesting lower transfusion requirements and shorter
ventilatory support in the minimally invasive group [24],
Longitudinal cohort studies have documented satisfactory
mid-term survival and freedom from revascularization after
MIDCAB, further reinforcing its role in suitable patients (341,

Despite the accumulating observational evidence on
procedural and clinical outcomes, the literature lacks
comprehensive evaluations of preoperative biological
phenotypes and their relationship with perioperative
outcomes in patients undergoing uniformly performed
beating MIDCAB procedures. Traditional risk stratification
models for CABG focus on demographic, anatomic, and
comorbidity metrics but often fail to capture nuanced
biological heterogeneity that may influence recovery or
complications °1. Machine learning techniques, particularly
unsupervised clustering, provide a data-driven framework
to uncover latent preoperative phenotypes that might not
be apparent through conventional stratification methods.
These analytical approaches have been utilized in other
surgical domains to identify patient subgroups with
differing risk profiles, supporting their potential utility in
cardiac surgery risk assessment.

Furthermore, modifiable risk factors such as cigarette
smoking continue to affect surgical outcomes. Similarly,
preoperative biomarkers such as C-reactive protein (CRP)
and measures of cardiac or renal function have been linked
to outcomes in various cardiovascular procedures, but their
role within the context of homogeneous MIDCAB cohorts
has not been systematically explored.

Given these gaps, this study aimed to apply unsupervised
machine learning to identify preoperative phenotypes
among patients undergoing beating MIDCAB with
isolated LIMA-to-LAD grafting and to evaluate whether
these phenotypes are associated with differences in
early perioperative outcomes. The results are expected
to contribute both to the mechanistic understanding of
biological heterogeneity in surgical patients and to the
emerging field of Al-based phenotyping in cardiac surgery.

Materials and Methods

Study Design and Patient Population

This retrospective, single-center observational cohort study
included consecutive patients who underwent isolated
beating minimally invasive direct coronary artery bypass
(MIDCAB) with a left internal mammary artery (LIMA)-to-
left anterior descending (LAD) artery graft between August
2020 and May 2025.

All procedures were performed via a minimally invasive left
anterior thoracotomy approach without cardiopulmonary
bypass. Only isolated CABGx1 cases (LIMA-LAD
configuration) were included. Emergency procedures and
redo cases were excluded to ensure cohort homogeneity.

All operations were performed by cardiac surgeons with
a minimum of five years of independent experience in
cardiac surgery. The surgical technique was standardized
across cases.

After the application of the inclusion and exclusion criteria,
45 patients constituted the final study population.

The study was approved by the University of Health
Sciences, Mehmet Akif Ersoy Thoracic and Cardiovascular
Surgery Training and Research Hospital Ethics Committee
(Approval No: 2026.03-25; Date: March 10, 2026) and
was conducted in accordance with institutional ethical
standards and the Declaration of Helsinki. Due to the
retrospective design of the study, the requirement for
informed consent was waived.

Data Collection

Clinical and laboratory data were obtained from
institutional electronic medical records.

Preoperative  variables selected for phenotypic
characterization were chosen based on their representation
of biological reserve and physiological status:

+ Age (years)

« Left ventricular ejection fraction (EF, %)

+ Hemoglobin (g/dL)

« Serum creatinine (mg/dL)

+ C-reactive protein (CRP, mg/L)

« Cumulative smoking exposure (pack-years)

These variables collectively reflect cardiovascular function,

hematologic status, renal reserve, inflammatory activity,
and modifiable risk exposure.

The selected variables were chosen a priori to reflect key
domains of biological reserve. This parsimonious variable
set was preferred to avoid overfitting given the limited
sample size and to enhance the interpretability of the
clustering results.
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Early perioperative outcomes included:

+ Operative time (minutes; skin incision to closure)
+ Intensive care unit (ICU) length of stay (days)

+ Hospital length of stay (days)

Unsupervised Machine Learning and Phenotype
Identification

An unsupervised clustering framework was applied to
identify latent preoperative phenotypes within the cohort.

Pairwise patient dissimilarities were calculated using the
Gower distance metric for the six selected preoperative
variables. Clustering was performed using the k-medoids
algorithm with a precomputed distance matrix.

Cluster solutions ranging from k=2 to k=4 were evaluated
using silhouette analysis to determine the optimal number
of clusters. The final model selected k=3, corresponding
to the highest silhouette coefficient. The resulting Gower
distance matrix was visualized using two-dimensional
multidimensional scaling (MDS). The MDS projection
was used for visualization only and did not determine
cluster assignments. For descriptive visualization, the
six preoperative variables were standardized as z-scores
relative to the overall cohort and displayed by cluster.

Cluster Stability Assessment

Cluster robustness was evaluated through bootstrap
resampling (200 iterations). For each iteration, the dataset
was resampled with replacement, clustering was repeated,
and agreement with the original clustering solution was
quantified using the adjusted Rand index (ARI). The number
of clusters was fixed at k=3 in all bootstrap iterations to
assess the stability of the predetermined optimal solution.

Cluster stability was assessed based on mean ARI values
and the absence of empty clusters during resampling. An
ARl value of 1 indicates perfect agreement, whereas a value
close to 0 reflects random assignment.

Statistical Analysis

Continuous variables were assessed for distributional
characteristics. Given the modest sample size and non-
Gaussian distributions, data were summarized as the
median and interquartile range (IQR).

Between-cluster comparisons were performed using the
Kruskal-Wallis test. Comparisons of the six variables used to
define the clusters were interpreted descriptively because
cluster membership was derived from those same variables.

All statistical analyses and clustering procedures were
conducted using Python (version 3.12) within the Google
Colab environment. The gower, scikit-learn, and scikit-learn-
extra libraries were used for clustering and validation analyses.

As this study was exploratory in nature and aimed at
hypothesis generation rather than confirmatory inference,
a formal a priori power analysis was not performed.

A p-value <0.05 was considered statistically significant.

Results

Study Population

Between August 2020 and May 2025, patients undergoing
minimally invasive coronary revascularization were
screened. After exclusion of non-isolated procedures, non-
beating or on-pump cases, non-MIDCAB approaches, non-
LIMA-LAD graft configurations, and cases with missing key
preoperative data, 45 patients who underwent isolated
beating CABGX1 via MIDCAB (LIMA-LAD) constituted the
final study cohort.

All included procedures were performed by experienced
cardiac surgeons using a standardized operative technique.
No emergency or redo cases were included.

Identification of Preoperative Phenotypes

Unsupervised clustering using Gower distance and
k-medoids identified three distinct preoperative
phenotypes (k=3), corresponding to the highest silhouette
coefficient (0.2212).

Cluster sizes were balanced:
+ Cluster 1: n=14
« Cluster 2:n=14
« Cluster3:n=17

Two-dimensional  multidimensional  scaling  (MDS)
projection demonstrated spatial separation of the clusters,
supporting the internal structure within the cohort (Fig. 1).

Preoperative Phenotypic Characteristics

Z-score profiling revealed distinct biological patterns
across clusters (Fig. 2).

Cluster 1 was characterized by:
+ Higher age

« Lower ejection fraction

+  Lower hemoglobin

+ Lower creatinine

+ Markedly higher smoking exposure
Cluster 2 demonstrated:

« Younger age

« Higher ejection fraction

+ Higher hemoglobin levels

+ Lower creatinine

+ Moderate smoking exposure



268 Apaydin and Yazici. Machine Learning Phenotypes in MIDCAB / doi: 10.14744/hnhj.2026.73454

2D MDS Projection of Preoperative Phenotypes

0.3 A L ® Cluster1
® Cluster2
® Cluster 3
0.2 4 * °
e ® .
®
e L
0.1 L] o > L ]
o L]
o
= ®
0.0 4 * @ ®
L]
L] L] ° L ]
® ® ® [
°
L]
—0.1 1 .. ®
o® ® " ® "
® [ ]
]
-0.2 1 L]
=0.3 =0.2 =0.1 0.0 0.1 0.2 0.3
MDS1

Figure 1. Two-dimensional multidimensional scaling projection of
preoperative phenotypes.

Two-dimensional multidimensional scaling (MDS) visualization of the three
identified preoperative phenotypes. Each point represents an individual pa-
tient, colored by cluster assignment (Cluster 1: red, Cluster 2: blue, Cluster 3:
green). Spatial separation indicates distinct biological profiles based on six
preoperative variables (age, ejection fraction, hemoglobin, creatinine, C-reac-
tive protein, and smoking exposure). Despite biological heterogeneity, early
postoperative outcomes were comparable across phenotypes.

Cluster 3 showed:

- Higherage

+ Preserved ejection fraction

+ Lower hemoglobin

- Relatively higher creatinine levels
+  Low smoking exposure

Table 1. Baseline preoperative characteristics by cluster

Z-score Profile of Minimal Model Phenotypes (median)
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Figure 2. Z-Score profiles of preoperative variables across three phe-
notypes.

Standardized z-score profiles illustrating distinct biological patterns across
the three identified phenotypes. Variables include age, left ventricular ejec-
tion fraction (EF), hemoglobin (Hb), serum creatinine (Cr), C-reactive protein
(CRP), and cumulative smoking exposure (pack-years). Positive z-scores indi-
cate above-cohort-average values; negative z-scores indicate below-cohort-
average values. Cluster 1 (red) is characterized by older age, lower ejection
fraction, and markedly higher smoking exposure. Cluster 2 (blue) demon-
strates younger age, preserved cardiac function, and higher hemoglobin lev-
els. Cluster 3 (green) shows relatively higher creatinine levels with preserved
ventricular function and low smoking exposure.

Baseline characteristics by cluster are summarized inTable 1.

Early Perioperative Outcomes

Early postoperative outcomes did not differ significantly
across clusters.

Median operative time was comparable between groups
(p=0.5099).

Similarly, no statistically significant differences were
observed in ICU length of stay (p=0.1166) or hospital length
of stay (p=0.2538) (Table 2).

Variable Cluster 1 (n=14) Cluster 2 (n=14) Cluster 3 (n=17) p (Kruskal-Wallis)
AGE 63.00 (60.00-66.25) 47.50 (45.00-50.00) 62.00 (59.00-63.00) <0.001
EF 55.00 (51.25-60.00) 60.00 (50.00-60.00) 60.00 (55.00-60.00) 0.3366
HEMOGLOBIN 13.85(12.83-15.05) 15.60 (15.15-16.38) 13.90 (13.10-14.90) 0.0011
CREATININE 0.80 (0.70-0.90) 0.80 (0.80-0.90) 1.00 (0.80-1.07) 0.0125
CRP 3.45 (2.15-9.05) 3.20(1.79-6.40) 4.00 (2.40-7.09) 0.8609
SMOKE 40.00 (36.25-43.75) 25.00 (16.25-30.00) 10.00 (0.00-20.00) <0.001

EF: Ejection fraction; CRP: C-Reaktif protein.

Table 2. Early perioperative outcomes by cluster

Variable Cluster 1 (n=14) Cluster 2 (n=14) Cluster 3 (n=17) p (Kruskal-Wallis)
OPERATION TIME 185.00 (171.25-208.75) 183.50 (166.25-189.25) 150.00 (130.00-225.00) 0.5099
ICUTIME 1.00 (1.00-1.00) 1.00 (1.00-2.00) 1.00 (1.00-3.00) 0.1166
HOSPITAL STAY 5.00 (4.00-5.00) 4.00 (4.00-5.00) 5.00 (4.00-7.00) 0.2538

ICU: Intensive care unit.
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No statistically significant between-cluster differences were
detected in the measured early perioperative outcomes in
this cohort.

Cluster Stability

Bootstrap resampling (200
moderate cluster stability.
The mean adjusted Rand index (ARI) was 0.43 (standard
deviation, 0.23), with no empty clusters observed during
resampling. Median bootstrap cluster sizes remained
balanced (14, 17, and 14.5 patients).

These findings indicate acceptable internal robustness of
the clustering solution despite the modest sample size.

iterations) demonstrated

Discussion

In this single-center cohort of patients undergoing
isolated beating MIDCAB with LIMA-to-LAD grafting, we
applied an unsupervised machine learning framework to
identify latent preoperative phenotypes and evaluated
their association with early postoperative outcomes.
Three biologically distinct clusters were identified,
characterized by differences in age, hemoglobin, renal
function, and smoking exposure. However, these
phenotypes were not associated with statistically
significant differences in operative time, ICU stay, or
hospital length of stay.

MIDCAB has been increasingly recognized as a safe and
effective alternative to full sternotomy approaches for
isolated LAD disease, offering reduced surgical trauma while
maintaining durable revascularization ['-4l, Contemporary
series have demonstrated favorable short- and mid-term
outcomes with acceptable perioperative morbidity and
mortality [2-5]. Nevertheless, most existing studies focus
on procedural outcomes and survival, whereas detailed
characterization of biological heterogeneity within
homogeneous MIDCAB cohorts remains limited.

Traditional surgical risk models in cardiac surgery, such
as EuroSCORE I, rely on predefined demographic and
comorbidity variables to estimate operative mortality
(671 While effective for population-level prediction,
these models may not fully capture complex biological
variability among patients undergoing similar procedures.
In recent years, unsupervised machine learning techniques
have been increasingly used to uncover latent clinical
phenotypes that are not readily identifiable using
conventional stratification methods. For example, data-
driven phenotyping approaches have successfully
identified biologically meaningful subgroups in heart
failure and sepsis populations, with implications for risk
stratification and therapeutic targeting 891,

In the present study, clustering revealed three distinct
biological profiles. One cluster was characterized by older
age and higher smoking exposure with relatively lower
hemoglobin levels, suggesting a phenotype potentially
influenced by cumulative vascular risk burden. Another
cluster consisted of younger patients with preserved
ventricular function and higher hemoglobin levels,
representing a comparatively lower biological risk profile.
A third phenotype demonstrated relatively higher
creatinine levels despite preserved ventricular function,
suggesting a subgroup with increased renal vulnerability.

Interestingly, despite these biological distinctions, early
perioperative outcomes were comparable across clusters.
Several explanations may account for this finding. First, the
cohort was highly homogeneous in terms of procedural
characteristics, being limited to isolated beating LIMA-
LAD grafting, which may reduce variability in early
recovery. Second, minimally invasive revascularization
may attenuate the clinical impact of moderate biological
heterogeneity in selected patients. Similar results have
been observed in other minimally invasive cardiac
procedures, where standardized techniques achieved
favorable early outcomes despite patient variability [19],
Third, the modest sample size may limit the ability to
detect subtle differences in outcomes.

Smoking exposure has been associated with increased
perioperative complications in minimally invasive
coronary surgery in some reports 2, and inflammatory
markers such as CRP have been linked to adverse
cardiovascular outcomes in broader cardiac populations.
However, within this carefully selected MIDCAB cohort,
these factors did not translate into measurable differences
in early postoperative recovery. This suggests that, in
stable elective cases, biological heterogeneity may
not substantially influence short-term recovery when
procedural variability is minimized.

The clustering solution demonstrated moderate stability
on bootstrap validation (mean ARI=0.43) without empty
clusters, supporting internal robustness despite the
limited sample size. While not indicative of strong cluster
separability, this degree of stability is consistent with
exploratory phenotyping studies in small clinical cohorts 181,

To our knowledge, this is the first study to apply
unsupervised machine learning for phenotype discovery
in a Tuarkiye MIDCAB cohort. While multicenter studies
would enhance generalizability, our single-center
design ensures standardization of surgical techniques
and perioperative care protocols, which may be
particularly relevant for centers establishing or refining
their minimally invasive revascularization programs. As
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highlighted in contemporary experiences of institutional
restructuring 'Y, the successful implementation of
surgical programs relies heavily on established team
dynamics and standardized workflows, which likely
contributed to the consistent outcomes observed in our
heterogeneous patient cohort.

Limitations

The findings of this study should be interpreted within
the context of its limitations. The retrospective design
introduces potential selection bias. The sample size is
modest, and the analysis was exploratory without a
formal power calculation. Additionally, the silhouette
coefficient of 0.22, while consistent with values reported
in exploratory phenomapping studies of comparable
sample sizes 18], indicates modest cluster separability and
should be considered when interpreting the biological
distinctiveness of the identified phenotypes. Only early
postoperative outcomes were assessed; potential long-
term differences between phenotypes remain unknown.
External validation in larger multicenter cohorts would
be necessary to determine the reproducibility and clinical
relevance of these phenotypes.

Nevertheless, this study demonstrates the feasibility of
applyingunsupervised machinelearningtoahomogeneous
minimally invasive cardiac surgical population. Rather
than serving as a predictive tool, this approach provides a
framework for the biological characterization of patients
undergoing standardized procedures. Such phenotyping
strategies may contribute to future precision risk
stratification efforts in cardiac surgery.

Conclusion

Unsupervised machine learning successfully identified
three distinct preoperative biological phenotypes in
patients undergoing isolated beating MIDCAB surgery.
Despite these biological differences, early postoperative
outcomes were comparable across phenotypes, suggesting
that a standardized surgical technique may minimize
the clinical impact of baseline heterogeneity in carefully
selected patients. Larger studies with long-term follow-
up are needed to determine whether these phenotypes
have prognostic significance for late outcomes and to
validate their potential role in precision risk stratification
for minimally invasive coronary revascularization.
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Abstract

Introduction: Metabolic reprogramming is a defining feature of colorectal cancer, and amino acid metabolism constitutes
a major functional axis supporting proliferation, stress tolerance, and treatment resistance. We aimed to compare the intra-
cellular free amino acid profile of human colon tumor-116 (HCT-116) colon cancer cells with that of normal colon cells (CCD)
using a targeted metabolomics workflow.

Methods: Cells were cultured under standard conditions. Free amino acids were quantified by liquid chromatography-mass
spectrometry/mass spectrometry using multiple reaction monitoring following derivatization with a commercial kit, based
on a modified protocol previously described by Celik et al. Data preprocessing (median normalization, log10 transformation,
and Pareto scaling) and statistical analyses were performed in MetaboAnalyst 6.0. Group comparisons used a two-sample
t-test with Benjamini-Hochberg false discovery rate correction. Multivariate analyses (principal component analysis [PCA]
and partial least squares-discriminant analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment/
topology analyses were conducted.

Results: PCA demonstrated clear metabolic separation between HCT-116 and CCD cells, with PC1 explaining 91.1% of to-
tal variance. Differential analysis indicated selective yet pronounced changes: taurine and phosphoethanolamine were in-
creased, whereas citrulline, cystine, and thiaproline were decreased in HCT-116 cells. KEGG pathway analysis highlighted sig-
nificant enrichment of valine/leucine/isoleucine biosynthesis, one-carbon pool by folate, arginine biosynthesis, and glycine/
serine/threonine metabolism.

Discussion and Conclusion: HCT-116 cells exhibited pronounced reprogramming across redox-related (cystine/taurine),
membrane phospholipid intermediate (phosphoethanolamine), and one-carbon/arginine-linked metabolic networks. This
study supports hypothesis generation for testing targetable vulnerabilities, including the xCT/SLC7A11 axis and key one-car-
bon metabolic nodes.

Keywords: Amino acid metabolism; colorectal cancer; cystine; metabolomic; taurine.

olorectal cancer (CRC) is one of the malignancies in  this reprogramming is amino acid metabolism, because
which metabolic reprogramming significantly shapes  amino acids serve not only as the building blocks of protein
tumor growth, invasion, stress tolerance, and treatment synthesis but also as essential metabolic hubs for redox
response [1-51. One of the most important components of ~ balance, nucleotide synthesis, epigenetic regulation, and
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the maintenance of nutrient-sensitive signaling networks
[1.3-51 In particular, changes in the free amino acid pool
provide direct insights into how cancer cells adapt to
environmental and intracellular stress conditions 3, In
CRC, the reorganization of amino acid metabolism occurs
within a multilayered biological network. While redox
homeostasis is maintained via the cystine—glutathione axis
on one hand, the serine—glycine-one-carbon metabolism
supports nucleotide synthesis and methylation capacity;
in parallel, arginine metabolism influences nitrogen flux,
polyamine biosynthesis, and nitric oxide-related signaling
[6-91 |n recent years, it has been demonstrated that
disruption of amino acid signaling mechanisms in the CRC
is associated with mechanistic target of rapamycin complex
1 (mTORC1) activation, chemoresistance, and metabolic
plasticity (3], Targeted metabolomic approaches offer a
significant advantage in the experimental analysis of these
networks. Liquid chromatography-mass spectrometry/
mass spectrometry (LC-MS/MS)-based amino acid profiling
reveals directional changes in the intracellular free amino
acid pool with high sensitivity, while MetaboAnalyst and
Kyoto Encyclopedia of Genes and Genomes (KEGG)-based
analyses enable the correlation of these changes with
biological pathways [10-13]. Thus, it becomes possible to
interpret not individual metabolites but the functional
metabolic networks they form [11:12],

In this study, the intracellular free amino acid profiles of
the human colon tumor-116 (HCT-116) colon cancer cell
line and the normal colon cell line (CCD) were compared;
the metabolites that most strongly distinguish the cancer
phenotype, the correlation patterns of these metabolites,
and the associated pathways were evaluated. The primary
objective of the study is to elucidate the biochemical
reprogramming associated with redox balance, membrane
phospholipid biosynthesis, and one-carbon/arginine
metabolism in HCT-116 cells.

Materials and Methods

Cell Culture

The study utilized cancerand normal celllines obtained from
ATCC and stored in liquid nitrogen. HCT-116 colon cancer
cells and CCD normal colon cells were cultured in DMEM:
F-12/RPMI-1640 medium (Sigma-Aldrich) containing 10%
fetal bovine serum, 100 pug/mL streptomycin, and 100 U/
mL penicillin in a humid atmosphere containing 5% carbon
dioxide and 95% air at 37°C.

Cell Harvesting and Homogenization

Once the cells reached 80-90% confluence in 75 cm?
flasks, the culture medium was removed, and the cells

were detached via trypsinization. The harvested cells were
centrifugedat 1000 rpmfor 5 min. Coldlysis buffer wasadded
to the resulting pellet, and the mixture was homogenized
using a tissue homogenizer. After homogenization, the
samples were centrifuged again at 1000 rpm, and the
supernatant was used for metabolomic analysis.

Targeted Free Amino Acid Profiling by LC-MS/MS

Free amino acid levels were measured using a Shimadzu
LC-MS-8045 system (Shimadzu Corporation, Kyoto, Japan),
based on a modified version of the method described by
Celik et al. "% and using a commercial derivatization kit.
Samples were prepared in 0.1 M HCl and labeled with
13C/15N-labeled internal standards. To facilitate protein
precipitation and derivatization, the samples were mixed
with a propanol-based organic buffer, followed by the
addition of a chloroform-isooctane mixture containing
5% alkyl chloroformate. After a 3-min incubation, the
upper organic phase was separated by centrifugation,
and 1 uL of the derivatized phase was injected into the
LC-MS/MS  system. Measurements were performed in
triplicate for each group.

Chromatographic separation was performed on a Trimaris
Amino Acid C18 column (250 mmx2 mm, 3 pm). Mobile
phase A consisted of water: methanol:1 M ammonium
formate (85:14:1), and mobile phase B was methanol.
Detection was performed under positive ionization
conditions (ESI+) in multiple reactions monitoring data
acquisition mode.

Statistical Analysis

All statistical analyses were performed using the
MetaboAnalyst 6.0 platform [''l. Median normalization,
log10 transformation, and Pareto scaling were applied to
the dataset to improve normality and balance differences
in scale; before log transformation, zero values were
imputed using the half-minimum method. For between-
group comparisons, a two-sample t-test was used, and
false discovery rate (FDR) correction was performed using
the Benjamini-Hochberg method to reduce false-positive
results that could arise from multiple comparisons [13],
The threshold for statistical significance was set at FDR
<0.05. Values shown as p<0.001 in Table 1 encompass
all metabolites with p-values below 4.5x10™% in the
MetaboAnalyst output; lower-order p-values were reported
in this manner in the table for uniform presentation. Fold
change (FC) and volcano plot analyses were performed
to evaluate changes in metabolite levels. Multivariate
statistical analyses, including principal component analysis
(PCA) and partial least squares-discriminant analysis (PLS-
DA), were applied. Variable importance in projection
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Table 1. Free amino acid levels measured in HCT-116 and CCD cells, mean+SD, p-values, and FDR values

Parameters HCT-116 (n=3) CCD (n=3) P FDR
MeanxSD MeanzSD

Alanine 95.34+16.94 173.53+34.61 <0.001 0.00015
Arginine 23.63+4.08 2.42+0.61 <0.001 0.00027
Asparagine 14.13+2.92 27.82+6.38 <0.001 0.00074
Aspartic acid 48.35+7.63 36.40+7.52 >0.05 >0.05
Citrulline 0.07+0.06 24.72+5.85 <0.001 0.00076
Glutamine 99.59+28.92 153.14+£37.32 <0.001 0.00093
Glutamic acid 328.60+86.32 218.25+44.26 >0.05 >0.05
Glycine 237.50+£51.25 204.70+41.92 0.0010 0.00213
Histidine 190.36+43.46 181.36+38.45 <0.001 0.00032
Leucine 59.08+11.50 52.72+9.22 <0.001 0.00020
Isoleucine 51.48+9.72 36.66+5.80 >0.05 >0.05
Alloisoleucine 0.37+0.06 0.28+0.05 0.0186 0.02906
Lysine 33.33+£5.50 27.83+6.23 >0.05 >0.05
Methionine 30.94+6.24 26.45+5.33 <0.001 0.00093
Ornithine 1.61+0.52 3.56+0.49 <0.001 0.00057
Phenylalanine 26.06+5.51 23.72+3.81 <0.001 0.00093
Proline 82.33+£16.73 58.51£12.49 >0.05 >0.05
Serine 118.61+£25.03 103.37£22.24 0.0069 0.01127
Threonine 107.84+21.57 94.11+£20.07 0.0041 0.00701
Tryptophan 4.89+1.24 5.28+1.06 <0.001 0.00093
Tyrosine 31.60£9.19 24.53+£5.83 >0.05 >0.05
Valine 59.66+11.68 48.91+8.90 <0.001 0.00032
Alpha-aminoadipic acid 0.54+0.30 0.85+0.17 >0.05 >0.05
Alpha-aminopimelic acid 1.70+0.06 1.59+0.19 >0.05 >0.05
Anserine 1.35£0.10 2.25+0.42 0.0194 0.02909
Alpha-aminobutyric acid 0.71+0.12 0.63+0.12 0.0041 0.00701
Beta-aminoisobutyric acid 2.45+0.45 1.87+0.33 >0.05 >0.05
Gamma-aminobutyric acid 10.06+1.59 9.42+1.76 <0.001 0.00077
Beta-alanine 6.02+1.42 3.52+0.67 0.0018 0.00345
Sarcosine 8.77£1.93 9.10£1.75 <0.001 0.00027
Cystathionine 0.09+0.03 0.19+0.05 <0.001 0.00057
Thiaproline 0.21+0.18 2.79+0.33 >0.05 >0.05
1-methylhistidine 0.07+0.01 0.03+0.02 >0.05 >0.05
Hydroxyproline 29.88+4.46 22.90+4.67 >0.05 >0.05
Cystine 0.09+0.00 0.89+0.18 <0.001 0.00020
Histamine 0.04+0.01 0.03+0.00 >0.05 >0.05
Ethanolamine 5.81£1.69 1.48+0.20 0.0032 0.00601
Phosphoethanolamine 2.97+1.52 0.00£0.00 <0.001 0.00015
Taurine 70.07+20.24 0.00+0.00 <0.001 0.00000081

An FDR of <0.05 was adopted as the significance criterion. Values reported as p<0.001 include all metabolites with p-values below 4.5x10~* in the MetaboAnalyst
output; p-values corresponding to lower significance levels are presented in this manner to ensure consistency in the table’s presentation. FDR: False discovery rate;

SD: Standard deviation; HCT: Human colon tumor; CCD: Normal colon cells.

(VIP) scores were calculated to identify the metabolites
contributing most to class discrimination;aVIP >1 threshold
was considered indicative of discriminatory contribution.
Interrelationships among metabolites were examined
using the Pearson correlation coefficient and hierarchical

clustering. Significant metabolites were subjected to
enrichment and pathway topology (impact) analyses using
the KEGG database; additionally, an enrichment network
analysis was constructed using the Jaccard similarity index
based on shared metabolites [1112],
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Figure 1. False discovery rate-corrected scatter plot of the results of
the two-sample t-test between human colon tumor-116 and CCD cells.

CCD: Colon cell line.

Ethics Statement

Since this study involved only cell line-based in vitro
experimental data, no human participants or laboratory
animals were used; therefore, ethics committee approval
was not required.

Results

Free Amino Acid Levels in HCT-116 and CCD Cells

Following data preprocessing, a two-sample t-test and
Benjamini-Hochberg FDR correction revealed that a
total of 26 metabolites showed statistically significant
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changes (FDR<0.05) (Table 1). The most pronounced
increases were observed in the metabolites taurine,
phosphoethanolamine, arginine, ethanolamine, beta-
alanine, and gamma-aminobutyric acid, while significant
decreases were detected in the levels of cystine, citrulline,
ornithine, cystathionine, anserine, and asparagine.

FDR-Corrected Two-Sample t-test Results

The results of the two-sample t-test revealed that 26
metabolites showing significant differences between HCT-
116 and CCD cells clustered above the FDR threshold (Fig.
1). In this analysis, taurine, phosphoethanolamine, cystine,
alanine, and leucine were the most notable metabolites in
terms of both statistical significance and effect size.

Principal Component Analysis (PCA)

PCA results indicated a distinct metabolic separation
between HCT-116 and CCD samples (Fig. 2a, b). The PC1
component explained 91.1% of the total variance, and the
primary separation between the groups occurred along
this axis. CCD samples clustered in the negative loading
region, while HCT-116 samples clustered on the positive
side. Intra-group distribution was more limited along the
PC2 (5.4%) and PC3 (1.5%) axes; this indicates that the
separation was largely driven by PC1.

Volcano Plot Analysis

Volcanoplotanalysisrevealed selective yet robust metabolic
differences in terms of both statistical significance and FC
magnitude (Fig. 3a). Taurine and phosphoethanolamine
emerged as the most prominent metabolites showing

PC3{1.5%)

PC2 (5.
¢

Figure 2. 2D (a) and 3D (b) principal component analysis scatter plot for human colon tumor-116 and CCD samples.

CCD: Colon cell line.
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Figure 3. (a) Volcano plot analysis of the human colon tumor-116 and CCD comparison. (b) Log2 fold change distribution of metabolites.

CCD: Colon cell line.

significant increases, characterized by high positive log2FC
values and strong statistical significance. In contrast,
cystine, citrulline, and thiaproline exhibited a distinct
decrease (Fig. 3a). Arginine and sarcosine were also among
the metabolites supporting the distinction. The statistical
threshold was set at FDR<0.05, and the biological effect
threshold at |log2FC| >1.

Log2 FC Analysis

On examining the log2 FC distribution, taurine and
phosphoethanolamine were identified as the most
prominent metabolites showing an increase in HCT-116
cells (Fig. 3b). In contrast, decreases were observed in
cystine, thiaproline, and citrulline levels. Although the
majority of metabolites showed more limited changes
along the log2FC axis, the directional distribution of
discriminatory metabolites supports a selective metabolic
reprogramming in HCT-116 cells.

PLS-DA-Based VIP Analysis

PLS-DA-based VIP analysis identified the metabolites that
most strongly explained group differentiation (Fig. 4). Based
on VIP scores, taurine and phosphoethanolamine were the
metabolites with the highest discriminatory contribution.
These were followed by citrulline, thiaproline, cystine,
and arginine. In addition, the fact that the metabolites
ornithine, cystathionine, asparagine, and alanine had
VIP scores >1 indicates that these metabolites made a
significant contribution to class discrimination.

Hierarchical Clustering Heatmap

Hierarchical clustering heatmap analysis revealed that HCT-
116 and CCD samples formed two distinct clusters based
on their amino acid profiles (Fig. 5a). The tight clustering
within each group suggests high biological consistency
within the groups; meanwhile, the fact that the two groups
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Figure 4. Variable importance in projection score distribution based
on the partial least squares-discriminant analysis model.

form distinct cluster structures far apart from each other
supports the notion that the metabolic profiles exhibit a
distinct organization specific to the cell line.

Pearson Correlation Heatmap

The correlation heatmap analysis, generated using Pearson
correlation and hierarchical clustering, revealed that
metabolites were divided into two main functional clusters
(Fig. 5b). In the first cluster, strong positive correlations were
observed among taurine, phosphoethanolamine, arginine,
beta-alanine, and ethanolamine. In the second cluster,
alanine, leucine, glycine, serine, valine, phenylalanine,
and many other amino acids exhibited strong positive
relationships among themselves. The presence of a distinct
negative correlation between these two main clusters
suggests that metabolic resources in HCT-116 cells are
reorganized in an opposing yet coordinated manner.
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Figure 6. (a) Kyoto encyclopedia of genes and genomes-based pathway enrichment and topology analysis. (b) Metabolite set enrichment dot

plot analysis. (c) Pathway interaction network analysis.

KEGG-based Pathway Enrichment and Topology
Analysis

KEGG pathway analysis revealed significant differences in
amino acid metabolism at the pathway level between HCT-
116 and CCD cells (Fig. 6a). The pathway with the highest
statistical significance was valine, leucine, and isoleucine
biosynthesis (FDR=2.14x10% 4/8 hits, as mammalian

cells do not perform de novo biosynthesis of branched-
chain amino acids (BCAA) biosynthesis, this KEGG term
likely reflects pathway enrichment rather than true
biosynthetic activity). This was followed by the one-carbon
pool via folate (FDR=9.61x107% 5/26 hits) and arginine
biosynthesis (FDR=9.61x107% 4/14 hits; impact=0.383).
In terms of topological impact, the glycine, serine, and
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threonine metabolism pathway emerged as the pathway
with the highest impact value (FDR=0.00180; 5/33 hits;
impact=0.569) (Fig. 6a). In addition, the alanine, aspartate,
and glutamate metabolism, cysteine and methionine
metabolism, and beta-alanine metabolism pathways also
showed significant enrichment.

KEGG Metabolite Set Enrichment Dot Plot

A KEGG-based metabolite set enrichment dot plot analysis
revealed that, among the total of 25 pathways, the valine,
leucine, and isoleucine biosynthesis, one-carbon pool
by folate, arginine biosynthesis, and glycine, serine, and
threonine metabolism pathways stood out with both
low p/FDR values and high match rates (Fig. 6b). Matches
were found at levels of 4/8, 5/26, 4/14, and 5/32 in these
pathways, respectively. In addition, the cysteine and
methionine metabolism, alanine, aspartate, and glutamate
metabolism, D-amino acid metabolism, and beta-alanine
metabolism pathways were also significantly enriched.

Pathway Interaction Network

Pathway interaction network analysis revealed that the
enriched pathways were not independent of one another
but, on the contrary, were densely interconnected through
shared metabolites (Fig. 6¢). In particular, glycine, serine,
and threonine metabolism, the one-carbon pool through
folate, and cysteine and methionine metabolism were at
the center of the network. Arginine biosynthesis, along with
alanine, aspartate, and glutamate metabolism, formed a
second interconnected structure linked to this core module.
In contrast, while valine, leucine, and isoleucine biosynthesis
remained in a more peripheral position, it continued to
be one of the statistically strongest pathways (Fig. 6c¢).
This network organization demonstrates that metabolic
reprogramming proceeds not as isolated processes but
through interconnected biochemical networks.

Discussion

The findings of this study indicate that amino acid
metabolism in HCT-116 CRC cells is not limited to changes
inthe direction of just a few metabolites, but rather involves
the coordinated reprogramming of multiple functionally
organized biochemicalmodules (Fig. 1). Thefactthatthe PC1
component in the PCA analysis explains 91.1% of the total
variance and that the groups are distinctly separated along
this axis suggests that the differences in the intracellular
amino acid pool represent a biologically meaningful
reorganization rather than technical noise (Fig. 2a, b). This
finding is consistent with recent literature indicating that
metabolic reprogramming in CRC is associated with tumor
growth, stress tolerance, and treatment resistance [,

The fact that the distinction between HCT-116 and CCD
arises specifically through taurine, phosphoethanolamine,
citrulline, cystine, and arginine also indicates that this
reorganization is not random but organized around specific
functional axes (Figs. 3a, b and 4).

One of the striking findings of the study is the significant
increase in taurine levels (Table 1; Figs 3a, b, and 4). SLC6A6-
mediated taurine transport in CRC has been associated
not only with osmoregulation and antioxidant defense
but also with exhaustion in CD8* T cells ['4-16], Therefore,
the increase in taurine observed in HCT-116 cells can be
interpreted as part of a remodeling process that enhances
the tumor cell’s metabolic competitive advantage in the
microenvironment, beyond mere antioxidant and osmotic
adaptation. The fact that taurine forms a distinct module
alongside phosphoethanolamine, arginine, beta-alanine,
and ethanolamine in the correlation heatmap analysis also
suggests that this metabolite is integrated into a broad
cellular adaptation program (Fig. 5b).

Another key finding is the increase in
phosphoethanolamine and ethanolamine (Table 1;
Figs 3, b, 4, and 5b). Phosphoethanolamine is a key
intermediate in phosphatidylethanolamine biosynthesis
through the Kennedy pathway and functions to meet the
increased membrane requirements in proliferating cells
[17.18] The finding that the PCYT2 axis is associated with
epithelial-mesenchymal transition and yes-associated
protein 1 signaling in CRC suggests that ethanolamine/
phosphoethanolamine metabolism may have a signaling
and phenotype-determining function beyond a structural
requirement 171, Recent studies have also demonstrated
that p53 can influence phosphoethanolamine supply by
regulating lipid head group recovery "9l Furthermore,
very recent data indicating that the accumulation of
phosphoethanolamine in tumor interstitial fluid can
suppress T-cell functions suggests that this metabolite is
associated not only with intracellular membrane biogenesis
but also with the formation of an immunosuppressive
microenvironment [29], In our data, the significant increase
in phosphoethanolamine and ethanolamine in HCT-116
and their strong positive correlation with taurine indicate
that membrane biosynthesis and redox/adaptive processes
are processed as a common metabolic pathway (Fig. 5b).
This may suggest coordinated metabolic adaptation
related to proliferation, membrane turnover, and stress
tolerance in HCT-116 cells.

Furthermore, the marked decrease in cystine levels should
not be superficially interpreted as a weakening of the
redox defense (Table 1; Fig. 3a, b). From the perspective
of cancer biology, a more plausible interpretation is that
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the free cystine pool is rapidly depleted and redirected to
the cysteine/glutathione axis. The xCT/SLC7A11 system
plays a central role in cystine transport and glutathione
synthesis; this system determines not only tolerance to
oxidative stress but also sensitivity to ferroptosis and
metabolic dependencies [6-8], The fact that SLC7A11 and
GPX4 expression, along with [-catenin, exhibits poor
prognostic patterns in CRC cohorts underscores the
biological and translational importance of this pathway [,
The observation in our data that cystine depletion occurs
alongside an increase in taurine suggests that HCT-116
cells maintain their redox defense not through a single
metabolic pathway but via parallel adaptive programs. In
other words, while cystine flux accelerates for glutathione-
based defense, taurine accumulation may complementarily
enhance cellular buffering capacity.

The changes observed in the arginine pathway are also
noteworthy. While arginine levels increase, the decrease
in citrulline and ornithine levels suggests that the urea
cycle and nitrogen metabolism have been redirected
to meet proliferative demands (Table 1; Figs 3a, b, 4
and 6a-c). Arginine is not merely an amino acid used
for protein synthesis in cancer cells; it is also a central
metabolite involved in polyamine biosynthesis, nitric
oxide-related signaling, and immune regulation [21-23],
It has been reported that arginine metabolism in CRC
is associated with tumor progression and the immune
microenvironment; some tumors can maintain the
capacity to synthesize arginine from citrulline, while
others become dependent on exogenous arginine
(21,221 |n our study, the increase in arginine, decrease
in citrulline, and decrease in ornithine suggest that in
HCT-116 cells, arginine is directed toward growth and
biosynthetic uses rather than serving as a balancing flux
within the urea cycle. The fact that arginine is grouped in
the same module as taurine and phosphoethanolamine
in the correlation heatmap analysis also indicates that this
metabolite is part of a broader adaptation program, not
just nitrogen metabolism (Fig. 5b).

One of the most significant findings at the pathway level
in this study is the prominence of the one-carbon pool
through folate and the glycine, serine, and threonine
metabolism pathways (Fig. 6a-c). The one-carbon
metabolism, which operates via serine and glycine, is
recognized as a fundamental network supporting both
proliferation and redox balance through nucleotide
synthesis, methylation reactions, and NADPH production
[24-301 |t is well established that the serine/glycine/one-
carbon metabolism is critical in CRC, as in many other
tumors, in terms of DNA synthesis, epigenetic regulation,
and antioxidant capacity [2426-29] Recent studies have

also demonstrated that serine-derived one-carbon flux
can be directly enhanced by oncogenic regulators via
SHMT2 activity 39, In this study, the fact that the glycine,
serine, and threonine metabolism pathway has the highest
impact value suggests that these findings suggest that
the HCT-116 phenotype may exhibit increased reliance
on one-carbon metabolism (Fig. 6a). Furthermore, the fact
that this pathway is situated at the center of the network
alongside the one-carbon pool via folate and cysteine/
methionine metabolism in the pathway interaction
network analysis indicates that one-carbon metabolism is
not merely a side pathway in HCT-116, but rather the core
of the metabolic architecture (Fig. 6¢).

Similarly, the decrease in glutamine levels is consistent
with this overall picture (Table 1). Glutamine is extensively
utilized in CRC cells for anaplerotic contributions to the TCA
cycle, nitrogen transfer, biomass production, and redox
buffering B1-3>1. Although glutamine metabolism in CRC
may vary depending on genetic background, it has been
shown to create a distinct metabolic dependency in many
subtypes [33:34] Therefore, the decrease in glutamine levels
in HCT-116 suggests that thisamino acid is being consumed
more intensively and redirected toward biosynthetic/
energetic pathways. When considered alongside one-
carbon metabolism, glutamine utilization supports the
notion that HCT-116 has restructured both its carbon and
nitrogen economies.

The finding that the valine, leucine, and isoleucine
biosynthesis pathway exhibited the highest statistical
significance in KEGG enrichment should be interpreted
with biological caution (Fig. 6a, b). Human cells do not
synthesize BCAAs; therefore, this KEGG annotation should
not be interpreted as evidence of true de novo biosynthetic
activity, but rather as a reflection of alterations in BCAA
pool size, transport, uptake, and aminotransferase-
associated metabolic remodeling 367381 |n cancer, BCAA
metabolism is associated with mTORC1 activation, protein
synthesis, and metabolic flexibility 36371, In our study,
when the increase in valine and leucine levels is considered
alongside the strong enrichment of this pathway, it can
be inferred that HCT-116 cells may be associated with
nutrient-sensitive signaling pathways and enhance their
anabolic capacity (Fig. 6a, b). The fact that this pathway
occupies a more peripheral position in the network analysis
compared to the central module suggests that the BCAA
axis contributes in a manner that is more independent yet
significant relative to the core redox/one-carbon network
(Fig. 6b). Thiaproline showed a decrease in HCT-116 cells
(Fig. 3a, b). Although the decrease in this metabolite, which
is associated with formaldehyde-thiol chemistry, suggests
regulation in carbonyl stress or thiol buffering processes,
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functional interpretation should be limited in the absence
of confirmatory data [39-411, Although thiaproline did not
meet the threshold for statistical significance (FDR>0.05),
its VIP score exceeding 1 supports its contribution to group
differentiation (Fig. 4).

The correlation heatmap analysis directly demonstrates
the modular nature of metabolic remodeling in HCT-116
cells (Fig. 5b). The distinct negative correlation between the
taurine-phosphoethanolamine-arginine-beta-alanine-
ethanolamine cluster and the broader alanine-leucine-
glycine-serine-valine—phenylalanine cluster suggests that
metabolic resources are allocated not homogeneously but
according to functional priorities. While the first cluster is
associated with redox, membrane biogenesis, and nitrogen
economy, the second cluster primarily represents the
anabolicaminoacid pool (Fig.5a).The opposingrelationship
between these two modules reveals that HCT-116 cells
selectively redirect metabolic flux to simultaneously meet
their growth and survival requirements.

When evaluated as a whole, the amino acid metabolic
signature observed in HCT-116 cells is characterized by
increased taurine and phosphoethanolamine, decreased
cystine and citrulline, a shift in the arginine axis,
centralization of one-carbon metabolism, and increased
BCAA-linked anabolic signaling (Table 1 and Figs 1-6). This
pattern demonstrates that metabolic reprogramming
in CRC is not limited to changes in energy production;
rather, it operates as an Integrated biochemical strategy
involving redox balance, membrane phospholipid
requirements, nitrogenflux,and proliferative biosynthesis.
Therefore, the xCT/SLC7A11 axis, the Kennedy pathway/
PE metabolism, and the serine-glycine-one-carbon
metabolic nodes, in particular, appear to be priority
areas for further functional experiments and targeted
therapeutic approaches [6-9:17-20,24-30]

Limitations

This study has several limitations. First, the assessment was
conducted using a single cancer cell line (HCT-116) and a
single normal colon cell model (CCD); therefore, the findings
cannot be directly generalized to all CRC subtypes. Second,
since the measurements are based on the intracellular free
amino acid pool, they do not provide direct information
about metabolic flux. Third, in the absence of lipidomic
and isotope tracing data, the relationship between the
increase in phosphoethanolamine and PE synthesis flux
was interpreted indirectly. Finally, since no functional
validation experiments were performed targeting nodes
such as xCT/SLC7A11, SLC6A6, PCYT2, or SHMT2, the
mechanistic interpretations presented here are robust but
remain hypothetical.

Conclusion

Amino acid metabolism, redox adaptation, membrane
phospholipid intermediates, and one-carbon/arginine-
related metabolic networks have been integrally
reprogrammed in HCT-116 colon cancer cells. The concurrent
increase in taurine and phosphoethanolamine and decrease
in cystine and citrulline suggest that a selective metabolic
regulation favoring both defense and proliferation has
been established in the HCT-116 phenotype. These findings
supportthenotionthatthexCT/SLC7A11 axis, the PE/Kennedy
pathway, and the serine-glycine-one-carbon nodes may
represent therapeutically targetable vulnerabilities in CRC.
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Abstract

Introduction: Pancreatic neuroendocrine tumors (pNETs) are rare neoplasms with heterogeneous biological behavior. Iden-
tifying simple, accessible prognostic biomarkers could improve risk stratification. We aimed to evaluate the prognostic value
of neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR), and tri-
glyceride—glucose (TyG) index in pNETs patients.

Methods: This retrospective study included 47 patients with pNETs diagnosed through endoscopic ultrasound-guided
fine-needle aspiration/biopsy between January 2012 and December 2024. Patients were grouped as insulinoma (n=10) or
non-functional pNETs (n=37). Tumor characteristics, laboratory parameters, inflammatory markers, and TyG index were ana-
lyzed. Survival analyses were performed using Kaplan—Meier curves, and the prognostic cutoff value of NLR was assessed by
receiver operating characteristic (ROC) analysis.

Results: The median age was 61 (47-66) years, and insulinoma patients tended to be younger (46 [27-65]) than non-func-
tional pNETs (62 [53-66]; p=0.122). Tumor size was smaller in insulinomas (14 [11.5-20] mm vs. 20 [15.5-37.5] mm; p=0.019).
TyG index was significantly lower in insulinoma patients (4.50+0.30 vs. 4.80+0.36; p=0.018), but no association was observed
between TyG and tumor grade, size, metastasis, or survival. Median NLR and PLR were significantly higher in expired patients
compared to survivors (NLR: p=0.003; PLR: p=0.006), while LMR was not significant. ROC analysis demonstrated NLR as a
strong predictor of mortality, especially in non-functional pNETs (area under the curve = 0.892, p=0.003; cutoff=2.39; sensi-
tivity 100%; specificity 71%). Furthermore, multivariable Cox proportional hazards regression analysis revealed that metas-
tasis (hazard ratio [HR]: 7.636, 95% confidence interval [Cl]: 1.313-44.405, p=0.024) and NLR (HR: 2.248, 95% Cl: 0.973-1.294,
p=0.048) were independent predictors for overall survival.

Discussion and Conclusion: NLR and PLR are potential independent prognostic biomarkers in pNETs, particularly in
non-functional tumors. TyG index showed no significant prognostic value in this cohort. Further prospective studies are
required to validate these findings.

Keywords: Neutrophil-to-lymphocyte ratio; pancreatic neuroendocrine tumors; platelet-to-lymphocyte ratio; prognosis;
survival; triglyceride—glucose index.

Pancreatic neuroendocrine tumors (pNETs) are risk of metastasis. Based on the secretion of biologically
rare neoplasms arising from progenitor islet cells, active hormones and associated clinical symptoms, pNETs
characterized by generally indolent growth yet a variable are classified as functional or non-functional. These tumors
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demonstrate a broad spectrum of clinical behavior, ranging
from asymptomatic, non-functional lesions to slowly
growing, non-infiltrative tumors, as well as aggressive
neoplasms with local invasion or distant metastasis.
Consequently, the standardization of diagnosis, medical
management, follow-up strategies, surgical decision-
making, and prognostic assessment remains challenging
(1], Studies conducted in recent years, particularly over the
past 15 years pNETs have been detected more frequently,
and consequently their incidence has increased [2,
Approximately 70% of pNETs are non-functional. Among
functional PNETs, insulinomas are the most common,
whereas gastrinomas, VIPomas, glucagonomas, and
somatostatinomas represent rarer subtypes (3],

Several staging systems incorporating laboratory and
imaging parameters have been developed to guide
prognosis and therapeutic strategies in PNETs (4. However,
studies comparing classification systems for endocrine
pancreatic neoplasms and the results may vary among
studies 131, Currently, the most widely accepted and up-to-
date grading system is the 2017 World Health Organization
classification, which stratifies tumors based on cellular
proliferative activity, specifically the Ki-67 index and mitotic
count per 10 high-power fields, into grade (G): G1, G2, well-
differentiated G3, and poorly differentiated G3 categories [,

Composite inflammatory indices derived from routine,
low-cost, and readily available complete blood count
parameters, including the neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-
to-monocyte ratio (LMR), have been shown to reflect
systemic inflammatory status and provide prognostic
information across various disease states. Recent studies
have highlighted the prognostic and survival-predictive
value of these markers in multiple cancer types V=91, The
triglyceride—glucose (TyG) index, calculated using fasting
plasma glucose and triglyceride levels, is a biochemical
marker primarily reflecting insulin resistance 1%, However,
many studies have demonstrated a significant association
between a high TyG index and cancer risk; despite this, data
regarding cancer prognosis are variable [11.12],

Several preliminary studies have been conducted to
investigate the prognostic impact of inflammatory markers
in pNETs.Ina study conducted by Gaitanidisetal.['3in 2017,
PLR and mean platelet volume were found to be predictive
of disease progression, while an LMR cutoff value of <3.46
was identified as significant in predicting recurrence
following complete surgical resection. In another meta-
analysis, the prognostic impact of inflammatory markers
in solid tumors was investigated. In that study, which
analyzed data from a total of 20 studies and 12754 patients,
a statistically significant association was found between

elevated PLR values and reduced overall survival (OS) [14],

Currently employed prognostic tools in PNETSs, including
staging systems, advanced imaging modalities such as
magnetic resonance imaging and endoscopic ultrasound
(EUS), and hormone-specific laboratory examinations,
particularly in functional PNETSs, offer high diagnostic and
prognostic accuracy. Nevertheless, these approaches are
often costly, technically demanding, and not uniformly
accessible across centers. These situations lead to the
need for simple, inexpensive, and easily accessible
laboratory-based markers for determining survival and
prognosis in pNETSs.

Such studies have also encouraged researchers to
investigate factors that predict prognosis and survival,
particularly in solid tumors. In this study, we aimed to
evaluate the prognostic value of NLR, PLR, LMR, and the
TyG index in predicting survival outcomes in patients
with pNETs.

Materials and Methods

This retrospective single-centered study was conducted by
reviewing the medical records of patients diagnosed with
pNETs via EUS-guided fine-needle aspiration/biopsy (EUS-
FNA/B) at the gastroenterology department of our hospital
between January 2012 and December 2024.

Demographic characteristics (age and gender), laboratory
parameters, imaging reports, EUS-FNA/B results, tumor
size and localization, pathological diagnoses, presence of
metastasis, and mortality during follow-up were recorded.
Patients whose EUS-FNA/B results revealed diagnoses other
than pNETs, as well as those with incomplete laboratory or
imaging data, were excluded from the study.

NLR, PLR, LMR, and the TyG index were calculated for all
patients using routine blood test results. The TyG index was
formulated and calculated as in numerous previous studies:
TyG index=In (fasting triglycerides [mg/dL]xfasting plasma
glucose [mg/dL]/2) ['51 NLR, PLR, and LMR were calculated
by dividing the corresponding hematological parameters.

In our cohort, all functional pNETs were insulinomas.
Accordingly, patients were categorized into two groups:
insulinoma and non-insulinoma (non-functional) pNETs.
Comparisons between groups were performed through
laboratory parameters, imaging and pathological results,
inflammatory markers (NLR, PLR, LMR), and TyG index. Due
to the absence of metastasis and the low mortality rate in
the insulinoma group, prognostic analyses for metastasis
and OS were conducted exclusively in the non-functional
pNETs. The association between inflammatory markers
(NLR, PLR, LMR), TyG index, and tumor characteristics, and
survival outcomes were evaluated for the entire cohort and
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Table 1. Clinical and demographic characteristics of pNETs patients: Comparison of insulinoma and non-functional subgroups

Characteristics All patients Insulinoma group Non functional group P
(n=47) (%) (n=10, 21.3%) (n=37,78.7%)
Age (years) 61 (47-66)2 46.50 (27-65.50)2 62 (53.50-66)2 0.122P
Gender 0.274¢
Female 31 (66) 5(50) 26 (70.3)
Male 16 (34) 5(50) 11 (29.7
Tumor location 0.3634
Head 25(53.2) 4 (40) 21 (56.8)
Neck 3(6.4) 0(0) 3(8.1)
Body 11 (23.4) 3(30) 8(21.6)
Tail 8(17) 3 (30) 5(13.5)
Endoscopic tumor size (mm) 20 (15-30)° 14 (11.50-20)2 20 (15.50-37.50)2 0.019P*
EUS Ki-67 (%) 3(2-10)2 3(2-7)2 3(1.50-10)2 0.792P
EUS-Grade 0.2794
1 29 (61) 7(70) 22 (59.5)
2 13 (28) 3(30) 10 (27)
3 5(11) 0(0) 5(13.5)
Presence of metastasis 11(23) 0(0) 11(29) 0.088¢
Metastasis location NA
Liver 4(8) 0(0) 4(10.8)
Lymph nodes 6(13) 0(0) 6(16.2)
Liver+Lymph nodes 1(2) 0(0) 1(2.7)
Follow-up duration (weeks) 176 (76-307)@ 181 (78.50-301) 181 (78.50-301) 0.876P
Expired 7 (14.9) 1(10) 6(16.2) 1.000¢

a; Median (Interquartile range=IQR; P: Mann-Whitney U test; <: Fisher’s exact test; 9: Chi-square test; *: Statistically significant (p<0.05). EUS: Endoscopic ultrasound;

pNETs: Pancreatic neuroendocrine tumors.

separately in the non-functional group. Statistical analyses
were performed based on the collected data.

Within our cohort, there were patients with chronic
conditions such as hypertension, diabetes mellitus, atrial
fibrillation, or allergic asthma (n=16, 34%). However,
none of the patients had a history of inflammatory bowel
disease, autoimmune disorders, or immun-mediated
conditions. Additionally, no patients were receiving
immunosuppressive therapy that could potentially
influence systemic inflammatory indices.

Ethics Committee Approval

This study was conducted in accordance with the principles
of the Declaration of Helsinki after receiving approval from
the Bezmialem Vakif University Ethics Committee (date:
December 10, 2025; number: E-54022451-050.04-224320).

In our endoscopy unit, when obtaining a written informed
consent form for endoscopic procedures, patients are
also informed that their data may be used anonymously
in scientific studies, and separate consent is obtained for
this as well.

Statistical Analysis

All statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics for Windows,
Version 26.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as meanzstandard deviation for
normally distributed data, or as median and interquartile
range (IQR) for non-normally distributed data. The
normality of continuous variables was assessed using the
Shapiro-Wilk test and visual inspection of histograms.
Comparisons between two groups were conducted using
the independent t-test for normally distributed variables
and the Mann-Whitney U test for non-normally distributed
variables. Categorical variables were compared using the
Chi-square test or Fisher’s exact test, as appropriate.

The predictive performance of the NLR for mortality was
evaluated using receiver operating characteristic (ROC)
curve analysis, and the area under the curve (AUC), optimal
cutoff values, sensitivity, and specificity were reported.
Kaplan-Meier survival analysis was used to estimate OS,
and differences between groups were assessed using
the log-rank test. Multivariable Cox proportional hazards
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Table 2. Comparison of metabolic and inflammatory parameters between insulinoma and non-functional pNETs

Laboratory parameters All patients Insulinoma group Non functional group p
and inflammatory markers (n=47) (n=10, 21.3%) (n=37,78.7%)

Triglyceride (mg/dL) 119 (78-163)2 131 (75.75-199)2 118 (79-161.50)2 0.668¢
Glucose (mg/dL) 106 (83-148)2 74 (46.75-95)2 128 (92.50-165.50)2 0.0015*
Leukocyte (103/uL) 9.05+2.57P 9.52+3.50P 8.92+2.30P 0.6154
Neutrophil (103/uL) 5.23(3.97-7.42)2 5.58 (3.67-8.81)2 5.10 (4.01-7.41)2 0.795¢
Lymphocyte (103/uL) 2.34(1.75-2.85)2 2(1.80-2.70) 2.46 (1.71-2.91)2 0.697¢
Monocyte (103/uL) 0.63 (0.45-0.74) 0.64 (0.47-0.78)2 0.63 (0.44-0.74) 0.706¢
Platelet (103/pL) 256 (215-314)2 256.50 (219.50-331.50)2 256 (213-309.50)2 0.687¢
TyG index 4.74+0.37P 4.50+0.30P 4.80+0.36° 0.0189*
NLR 1.84(1.43-3.37)2 1.84 (1.59-3.50)2 1.82(1.38-3.21) 0.428P
LMR 4.14+2.03P 3.83+2.23P 4.23+1.99P 0.5844
PLR 120.21 (84.09-141.75) 122.11 (111.44-139.75) 117.60 (80.44-146.23)2 0.436¢

2: Median (Interquartile range=IQR); b. Meanzstandard deviatio; < Mann-Whitney U Test; d. Independent t-test; *: Statistically significant (p<0.05). LMR: Lymphocyte-to-
monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride-glucose index.

regression analysis was performed to identify independent
predictors of OS. Due to the limited number of events, a
parsimonious model was constructed to avoid overfitting.
A p<0.05 was considered statistically significant.

Results

A total of 47 patients with pNETs were included in the
study. Ten patients (21.3%) were diagnosed as insulinoma,
while 37 patients had non-functional tumors. Patients
were categorized into insulinoma and non-functional
pNETs groups. The median age of the entire cohort was 61
years (IQR, 47-66), with insulinoma patients tending to be
younger (46.5 [27-65.5] years) compared to non-functional
(62 [53.5-66] years), although this difference was not
statistically significant (p=0.122). Gender distribution was
similar between groups (p=0.274), with females comprising
66% of the cohort (50% in the insulinoma group vs. 70.3%
in the non-functional group).

Regarding tumor localization, they were mostly located
in the pancreatic head (n=25, 53.2%), followed by the
body (23.4%), tail (17%), and neck (6.4%). No significant
difference was observed regarding tumor localization
between the two groups (p=0.363). The median
endoscopic tumor size was significantly smaller in the
insulinoma group compared to the non-functional pNETs
(14 mm [11.5-20] vs. 20 mm [15.5-37.5]; p=0.019). The
median Ki-67 proliferation index assessed by EUS-FNA/B
was comparable between groups (p=0.792), and tumor
grade distribution did not differ significantly (p=0.279),
with G1 tumors comprising 61%, G2 tumors 28%, and
G3 tumors 11% of the cohort. Notably, no G3 tumor was
observed in the insulinoma group.

Metastasis was detected in 23% of all patients, exclusively
in the non-functional group (29%). The most common
metastatic sites were the liver (8%) and lymph nodes
(13%). Median follow-up duration was similar between
groups, 176 weeks (IQR, 76-307; p=0.876). Due to the
absence of metastasis and low mortality in the insulinoma
group, prognostic analyses for metastasis and OS were only
applied to non-functionals. The clinical and demographic
characteristics are summarized in Table 1.

Laboratory calculations showed that insulinoma patients
had a significantly lower TyG index compared to the non-
functional group. Median glucose level was 74 mg/dL
in the insulinoma group versus 128 mg/dL in the non-
functional group (p<0.001). The TyG index was also lower
in insulinoma patients (4.50+0.30 vs. 4.80+0.36; p=0.018).
Other laboratory parameters, including triglyceride,
leukocyte, neutrophil, lymphocyte, monocyte, and platelet
counts, as well as inflammatory markers (NLR, LMR, PLR), did
not differ significantly between groups all, p>0.05; (Table 2).

Due to the limited number of insulinoma cases, subgroup
analyses regarding metastasis or survival status were
not feasible. In the entire cohort, TyG index did not differ
significantly with respect to tumor grade (p=0.352),
tumor size (p=0.138), metastasis (p=0.687), and survival
(p=0.313). Similarly, NLR was not significantly associated
with tumor grade (p=0.533), tumor size (p=0.173), or
metastasis (p=0.280), but was significantly higher in
patients who expired compared to survivors (p=0.009).
LMR did not show significant differences in all parameters
(all, p>0.05). PLR was significantly elevated in expired
patients (p=0.021) but not associated with tumor grade,
size, or metastasis all, p>0.05; (Table 3).
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Table 3. Comparison of TyG index, NLR, LMR, PLR regarding tumor grade, size, metastasis, and survival status in all pNETs (n=47)

Characteristics TyG index NLR LMR PLR
EUS-FNA/B - Grade
Grade 1 (n=29) 4.70+0.322 1.84 (1.51-3.39)C 4.38+2.04 121.42 (87.26-153.71)C
Grade 2+3 (n=18) 4.80+0.442 1.70 (1.38-3.47)C 3.77+2.022 119.33 (79.76-135.89)C
p 0.352P 0.533d 0.327° 0.370d
Endoscopic tumor size
Size <20 mm (n=23) 4.66+0.312 2.24(1.50-3.76)¢ 3.96+1.752 120.21 (84.09-150.71)¢
Size 220 mm (n=24) 4.82+0.402 1.62 (1.38-3.25)C 4.32+2.282 119.51 (81.31-139.22)¢
P 0.138P 0.1734 0.541P 0.6554
Metastasis
Yes (n=11) 4.78+0.372 2.74(1.43-8.25)C 3.55+2.072 141.75 (80.13-361.86)C
No (n=36) 4.73+0.372 1.83 (1.42-3.03)¢ 4.33+2.012 119.45 (84.27-134.45)C
P 0.687P 0.280d 0.272P 0.269P
Survival status
Surviving (n=40) 4.72+0.382 1.70 (1.39-3.03)¢ 4.22+1.932 118.56 (80.29-134.45)C
Expired (n=7) 4.87+0.302 4.09 (2.55-8.25)¢ 3.72+2.642 150.71 (100.30-544.54)¢
P 0.313b 0.0099* 0.558P 0.0219*

a; Meanzstandard deviation; P: Independent T Test; ¢: Median (Interquartile range=IQR); 9: Mann-Whitney U Test; *: Statistically significant (p<0.05). EUS-FNA/B: Endo-
scopic ultrasound guided fine needle aspiration/biopsy; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio;
pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride—glucose index.

Table 4. Comparison of TyG index, NLR, LMR and PLR regarding tumor grade, size, metastasis, and survival status in the non-functional
pNETs (n=37)

Characteristics TyG index NLR LMR PLR
EUS-FNA/B - Grade
Grade 1 (n=32) 476+0.312 2.05 (1.46-3.47)¢ 4.48+1.942 119.55 (84.65-153.28)C
Grade 2+3 (n=5) 4.87+0.432 1.69 (1.35-2.94)C 3.87+2.082 87.57 (79.37-140.59)¢
P 0.389b 0.4394 0.368P 0.338d
Endoscopic tumor size
Size <20 mm (n=16) 4.76+0.262 2.39 (1.54-3.59)¢ 4.18+1.842 116.73 (81.58-148.18)¢
Size 220 mm (n=21) 4.84+0.422 1.62 (1.36-3.16)C 42742152 117.60 (79.55-160.27)¢
P 0.487P 0.297d 0.893P 1.000d
Metastasis
Yes (n=11) 4.78+0.372 2.74 (1.43-8.25)¢ 3.55+2.072 141.75 (80.13-361.86)C
No (n=26) 4.82+0.262 1.76 (1.38-2.93)C 4.52+1.932 107.66 (80.54-132.62)¢
p 0.786P 0.195d 0.181P 0.195P
Survival status
Surviving (n=31) 4.79+0.372 1.63 (1.38-2.93)C 2.84+1.382 97.77 (79.90-131.64)¢
Expired (n=6) 4.88+0.332 5.11 (2.69-10.59)C 4.50+2.002 179.87 (131.38-552.92)¢
P 0.858P 0.0039* 0.063P 0.0069*

a; Meanzstandard deviation (SD); P: Independent T Test; ¢: Median (interquartile range=IQR); 9: Mann-Whitney U Test; *: Statistically significant (p<0.05). EUS-FNA/B:
Endoscopic ultrasound guided fine needle aspiration/biopsy; LMR: Lymphocyte-to-monocyte ratio; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte
ratio; pNETs: Pancreatic neuroendocrine tumors; TyG: Triglyceride—glucose index.

Among non-functional pNETs, TyG index remained non-  NLR was significantly higher in expired patients (p=0.003),
significant with respect to tumor grade (p=0.389), tumor  though no significant association was observed regarding
size (p=0.487), metastasis (p=0.786), and survival (p=0.858).  tumor grade, size, or metastasis (all, p>0.05). LMR showed
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Table 5. ROC curve analysis results of NLR for predicting mortality in all pNETs and non-functional subgroup

AUC (%95, CI) Cutoff Sensitivity (%) Specificity (%) P
All pNETs (n=47) 0.814 (0.657-0.971) 2.39 85.7 67.5 0.009*
Non functional pNETs (n=37) 0.892 (0.772-1.000) 2.39 100 71 0.003*

*: Statistically significant (p<0.05). AUC: Area under the curve; Cl: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; ROC: Receiver operating characteristic;

pNETs: Pancreatic neuroendocrine tumors.
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Figure 1. Receiver operating characteristic curve analysis of neutro-
phil-to-lymphocyte ratio for predicting mortality in all pancreatic
neuroendocrine tumors.

AUC: Area under the curve.

a non-significant trend toward lower values in expired
patients (p=0.063), and PLR was significantly higher in
expired patients (p=0.006) but did not differ in tumor
grade, size, or metastasis all, p>0.05; (Table 4).

ROC curve analysis demonstrated that NLR effectively
predicted mortality. For the entire cohort, the AUC was
0.814 (95% confidence interval (Cl): 0.657-0.971) with
an optimal cutoff of 2.39, yielding 85.7% sensitivity and
67.5% specificity p=0.009; (Fig. 1, Table 5). In the non-
functional pNETs group, the predictive performance was
even higher (AUC=0.892; 95% Cl: 0.772-1.000) with the
same cutoff providing 100% sensitivity and 71% specificity
p=0.003; (Fig. 2, Table 5). These results indicate that NLR is
a robust prognostic inflammatory biomarker for mortality,
especially in non-functional pNETs.

Multivariable Cox proportional hazards regression analysis
wasalso performedtoidentifyindependent predictors of OS.
Due to the limited number of events, a parsimonious model
including metastasis and NLR was constructed to avoid
overfitting. Metastasis was identified as an independent
predictor of mortality, with patients presenting with
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Figure 2. Receiver operating characteristic curve analysis of neutro-
phil-to-lymphocyte ratio for predicting mortality in non-functional
pancreatic neuroendocrine tumors.
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Figure 3. Kaplan-Meier survival curves according to neutrophil-to-
lymphocyte ratio cutoff value (2.39).

NLR: Neutrophil lymphocyte ratio.

metastasis having a significantly higher risk of death (hazard
ratio [HR]: 7.636, 95% Cl: 1.313-44.405, p=0.024). Also, NLR
retained statistical significance in the multivariable model
(HR: 2.248, 95% Cl: 1.01-4.99, p=0.048).
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Kaplan—-Meier survival analysis stratified by the NLR cutoff
value (2.39) demonstrated that patients with NLR >2.39
had significantly worse OS compared to those with NLR
<2.39 (log-rank, p=0.008) (Fig. 3).

Discussion

pNETs are typically indolent, but a subset of tumors may
exhibit aggressive behavior, presenting at advanced or
metastatic stages at diagnosis. Prognostication in pNETs
relies on complex methods, including staging systems,
advanced laboratory analyses, and imaging modalities.
In this study, we aimed to evaluate the prognostic value
of practical, accessible, and low-cost parameters derived
from routine blood tests, specifically the NLR, PLR, LMR,
and TyG index, in predicting survival and outcomes in
patients with pNETs.

In the entire cohort, TyG index values were not significantly
associated with tumor grade, size, presence of metastasis,
or survival. TyG index was only significantly lower in the
insulinoma group compared to non-functional pNETs. In non-
functional pNETs, no significant association was observed
between TyG index and tumor grade, size, metastasis,
or survival. While multiple studies have reported that a
higher TyG index correlates with increased risk of various
cancers, including gastrointestinal malignancies, most of
this evidence derives from ductal epithelial tumors, such as
pancreatic adenocarcinoma. To date, no studies have directly
investigated the relationship between TyG index and pNETs.

Fritz et al. '8 suggested that an elevated TyG index is
associated with increased risk of gastrointestinal cancers,
potentially reflecting the role of insulin resistance in cancer
pathogenesis. Similarly, in a meta-analysis, Wang et al.
[17] revealed that a higher TyG index was associated with
increased risk of multiple cancers, including lung, colorectal,
obesity-related, gastricc and breast cancers. Proposed
mechanisms linking elevated TyG index to cancer include
insulin resistance, hyperinsulinemia, increased Insulin-like
growth factor-1 (IGF-1) activity, decreased apoptosis, and
chronic inflammation 6. Insulin resistance activates the
PI3K/Akt/mTOR/S6K signal pathway for cancers, increasing
the amount of insulin to supply glucose to the tumor cell
(18] |n addition, serum triglyceride levels increase, and
activation of G protein-coupled receptors triggers the Akt
signaling pathway [191. IGF-1 promotes cell survival and
induces angiogenesis as well as cellular proliferation [20],
In addition, IGF-1 increases the production of vascular
endothelial growth factors, which exacerbate insulin
resistance and promote tumor growth 211, These studies are
important in that they evaluate the relationship between
the TyG index and carcinogenesis at the molecular level.

However, in our study, the TyG index showed no significant
association with tumor characteristics or survival in the
entire pNETs cohort, likely reflecting differences in tumor
biology. Unlike pancreatic ductal adenocarcinomas, pNETs
are rare and heterogeneous neoplasms with distinct
pathophysiology. We hypothesized that pNETs may not
show a linear correlation with the TyG index as seen in
ductal-originating cancers, because they are exclusively
non-ductal-originating and have the potential for
different kinds of hormone secretion. Moreover, there is
no clear evidence in the literature regarding a correlation
between pNETs and insulin resistance or TyG index, which
is a strong predictor of insulin resistance; the lack of this
association between pNETs risk and the TyG index can
likely be explained by the absence of insulin resistance
accompanying these tumors. On the other hand, the low
TyG index in insulinomas can be interpreted in two ways;
first, hypoglycemia is expected in these tumors, and
therefore the TyG index is found to be low in the formula;
second, the vast majority of these tumors are benign, and
as stated in the aforementioned literature, a low TyG index
is associated with a lower malignancy.

Amongtheinflammatory markers, medianNLRand PLRvalues
were not significantly associated with tumor grade, size, or
metastasis in the entire pNETs cohort. However, NLR and PLR
were significantly higher in patients who expired compared
to survivors. Due to the limited number of insulinoma
cases, prognostic analyses for metastasis or mortality were
restricted to non-functionals. In this subgroup, median NLR
and PLR were again significantly elevated in expired patients,
whereas LMR showed no statistically significant difference.
These findings suggest that inflammatory markers may serve
as prognostic indicators of survival rather than reflecting
tumor burden or histologic grade.

The literature presents heterogeneous results regarding
the prognostic role of inflammatory indices in pNETs. A
meta-analysis by Oh et al. [2Z] reported that higher NLR was
associated with higher tumor grade and lower survival.
In another study, Panni et al. 23] found that preoperative
NLR in surgically treated pNETs was significantly correlated
with tumor grade, size, OS, and recurrence-free survival. In
our cohort, the association of NLR and PLR with mortality,
despite lack of correlation with tumor grade, size, or
metastasis, may reflect the systemic immune-inflammatory
response rather than tumor morphology. Peripheral
inflammatory markers such as NLR and PLR may be
influenced by immune activation, infections, or treatment-
related toxicity, which can also contribute to mortality
risk. Consequently, these markers may act as integrative
indicators of physiological stress and overall tumor burden,
independent of intrinsic tumor biology.
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We have determined precise cutoff values for NLR that
predict mortality with high sensitivity and specificity in
all pNET cases and in the non-functioning group; these
results support NLR as a robust prognostic inflammatory
biomarker, particularly in non-functional pNETs. Previous
studies have corroborated these results. Zhou et al. [24]
reported that higher NLR was associated with reduced
overall and disease-free survival in pancreatic head-
located pNETs after curative resection. Yang et al. [2°]
identified postoperative NLR as a strong prognostic
marker among inflammatory indices, with AUC values
0.64 (p=0.04, optimal cutoff: 2.28). Similarly, Luo et al. [26]
determined an NLR cutoff of 2.4, above which survival was
significantly decreased. The cutoff value identified in our
study (2.39) aligns closely with these reports, supporting
the generalizability of this parameter. Notably, the higher
AUC and near-perfect sensitivity in non-functional pNETs
suggest that NLR may have greater prognostic utility in
biologically aggressive or non-functional subtypes.

Limitations

This study included a well-defined cohort of pNETs with
histopathological confirmation via EUS-guided FNA/B. The
use of routine laboratory-derived inflammatory indices and
identification of a clear prognostic NLR cutoff with 100%
sensitivity, particularly in non-functional pNETs, represent
key strengths. pNETs constitute approximately 1-2% of all
pancreatic neoplasms [27], Although the case series in our
single-center study may appear to represent a relatively
small sample size, it may be considered a satisfactory
number for evaluation purposes when considering the
proportion of this tumor group among all pancreatic
neoplasms.In our series, the OS rate is also relatively high, as
the majority of tumors were surgically resected; moreover,
survival outcomes for this tumor group are consistent
with those reported in the existing literature. However,
the factors influencing mortality in this tumor group have
not yet been clearly established; accordingly, one of the
primary aims of our study is to investigate the factors
that may affect this outcome. Limitations also include the
single-center, retrospective design and relatively small
sample size, which may limit generalizability.

Conclusion

In this study, we evaluated the relationship between
NLR, LMR, PLR, and TyG index with tumor characteristics
and prognosis in the pNETs cohort. NLR and PLR were
not associated with tumor grade, size, or metastasis, but
were significantly higher in patients who expired, and
multivariable cox regression analyses revealed that NLR may
be an independent predictor as a prognostic biomarker. In

non-functional pNETs, NLR demonstrated perfect sensitivity,
supporting its prognostic value, particularly in biologically
aggressive subtypes. Due to heterogeneity in the literature
and variation in cutoff values, further prospective studies
are warranted before routine clinical implementation of
these markers. Furthermore, additional studies are needed
to confirm our findings indicating that the TyG index is
not a risk and prognostic factor in pNETs and similar non-
adenocarcinoma malignancies, unlike in adenocarcinomas.
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Abstract

Introduction: In this study, we aimed to demonstrate the relationship between player demographic characteristics (age,
gender, etc.) or playing preferences (court preference, grip position, backhand type, etc.) and injuries in tennis players.
Methods: The questionnaire created to study and to investigate the relationship between injuries and these parameters was
answered by 198 people who play tennis at club level, play tennis at professional level, or are tennis coaches.

Results: In our study, it was found that the incidence of ankle injuries among female tennis players was statistically signifi-
cantly higher than among male players. In addition, it was found that elbow injuries were more common among players
aged 40 and older and that this association was statistically significant. A significant association was identified between grip
type and elbow injuries, with elbow injuries observed more frequently in players using the continental and western grips. In
contrast, no statistically significant association was found between grip type and wrist or hand/finger injuries. Similarly, no
significant association was found between court preference and training frequency and the incidence of injuries.
Discussion and Conclusion: This study examined the relationships between demographic characteristics and playing pref-
erences and injury patterns among tennis players. In particular, it was determined that grip position is associated with elbow
injuries, ankle injuries are more common among female players, and advanced age is a significant factor in elbow injuries.
These findings may contribute to the development of targeted injury prevention strategies for tennis players.

Keywords: Demographics; grip positions; tennis injuries.

ennis is one of the most popular sports globally.

In contrast to numerous other sports, there is no
prescribed timeframe for the conclusion of a tennis match.
Consequently, the game can last for hours, even in matches
that last longer than a day. The repetitive application of
explosive forces over an extended period, the utilization
of both aerobic and anaerobic capacity over an extended
period, and the deployment of a range of tennis-specific
hitting techniques have collectively given rise to a
distinctive injury profile in tennis ['],

It is recommended that the kinetic chain should be
employed primarily in the execution of power shots,
including the serve, smash, forehand, backhand, and drive
volley. A tennis player who fails to learn to utilize the kinetic
chain in a technically proficient manner is at an increased
risk of sustaining an injury. In tennis, the service stroke
is the most powerful, transferring the greatest amount
of energy to the ball. The service stroke comprises five
distinct phases: (1) Wind up (knee flexion, trunk rotation),
(2) Early cocking, (3) Late cocking (maximal abduction,
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external rotation), (4) Acceleration, and (5) Follow through
(2] |n the service stroke, the kinetic chain, comprising
muscles and joints, commences with the foot, which
receives the force from the ground, and is transmitted
from the knees and other muscles of the lower extremities,
through the shoulders and trunk muscles, to the chain
and finally to the racquet. Should this chain be disrupted
at any stage by an inappropriate technique, the result will
be injury to the athlete. Even if these injuries are treated,
they will recur if the underlying cause of the injury is not
addressed. The implementation of conditioning exercises,
which are based on the strengthening and lengthening
of the muscles that are involved in this kinetic chain, will
assist in the prevention of injuries 31,

The grip of thetennis racket varies depending onthe desired
stroke and the stroke technique. The racket can be held in
four different ways: (1) Continental (center grip), (2) Eastern,
(3) Semi-western, and (4) Western 121 (Fig. 1). In particular,

the handle of a tennis racket is beveled so that, in contrast
to a perfect circle, it assumes the shape of an octagon with
eight sides, which can be labeled in a clockwise direction
for the purpose of facilitating orientation. The principal
function of the bevels is to enhance the player’s grip, or
more accurately, to inhibit the racquet from twisting. In
addition, they serve as a reference for shaping diverse grips
(Fig. 2). Alterations in grip position alter the overall striking
mechanics and the manner in which the upper extremities
are loaded. Consequently, the manner in which the racquet
is held and the prevalence and type of injuries sustained by
the athlete are subject to change 451,

In contrast to numerous other sports, tennis is played on
a diverse range of surfaces. Such surfaces include grass
court, sand court (clay court), and acrylic court (hard
court). The surface of a clay court is notably slow. The
duration of the game is significantly extended due to the
clay court’s capacity to absorb the velocity of the ball to a

Figure 2. Types of racquet grips: Knuckle area in the hand and holding the racquet according to the
grip positions. Eight bevels of the tennis racquet grip; the type of grip is determined by the bevel on
which the knuckle lies. In a continental grip, the knuckle lies on the bevel 2. In an eastern grip, the
knuckle lies on the bevel 3. In a semi-western grip, the knuckle lies on the bevel 4. In a western grip,

the knuckle lies on the bevel 5.
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Table 1. Questionnaire
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How old are you?

What is your gender?

How many years have you been playing tennis?
How many days in a week do you play tennis?

Do you regularly engage in any supporting activities such as fitness/conditioning/strengthening that support your tennis game and

prevent injury?

How did you learn tennis?

Which types of grip do you prefer?
Which type of backhand do you prefer?
Which type of court do you prefer?

Have you ever had an injury while playing tennis? If so, which part of your body?

Have you ever been admitted to the hospital for this injury? Have you received any diagnosis?

greater extent than other surfaces. However, as the speed
of the ball decreases, there is a concomitant decrease
in the stress placed on the upper extremities. Due to
the fact that the speed of the ball does not diminish on
hard courts and grass courts, the duration of the game is
shorter. However, the lack of deceleration also results in
greater loading of the upper extremity [©],

The objective of this study was to demonstrate the
relationship between player demographic characteristics
or playing preferences and the incidence of injuries among
tennis players.

Materials and Methods

Data Collection

After approval was obtained from the Haydarpasa Numune
Training and Research Hospital Ethics Committee (No.
HNEAH-KAEK 2022/KK/73, Istanbul, Tirkiye), the study
was conducted in accordance with the principles of the
Declaration of Helsinki. A structured questionnaire was
administered to 198 tennis players, including club-level
players, professional players, and tennis coaches. The
questionnaire aimed to evaluate the relationship between
demographic characteristics, playing preferences, and
tennis-related injuries. The questionnaire developed for
this study is presented in Table 1.

Players’ Characteristics

A total of 198 participants were included, consisting of 56
females (28.28%) and 142 males (71.72%). Demographic
characteristics and playing preferences are summarized
in Table 2. As no universally accepted categorization exists
in the literature for age and tennis playing duration in
recreational and semi-professional tennis players, variables
such as age and playing duration were categorized based
on the distribution of the study population and clinical

relevance. In particular, age was dichotomized (<40 years
and =40 years), considering the increased prevalence of
degenerative musculoskeletal conditions after the age of
40. As no standard categorization exists in the literature,
age and tennis playing duration groups were determined
based on the distribution of the study population.

Injuries
Tennis-related injuries and diagnoses of tennis players who
participated in the study are summarized in Table 3.

Statistical Analysis

All variables were categorical and presented as frequencies
and percentages. Continuous variables were not analyzed
separately, as all variables were categorized before
statistical analysis. Associations between categorical
variables were evaluated using the Chi-square test. When
the expected cell count was <5 in any contingency table,
Fisher's exact test was used. All statistical analyses were
conducted using a two-sided approach, and a p<0.05 was
considered statistically significant.

Results

A total of 198 tennis players were included in the study.
The distribution of demographic characteristics and
playing preferences is presented in Table 2, while injury
patterns are summarized in Table 3. The relationship
between grip positions and elbow injury patterns is
further illustrated in Table 4. A summary of all chi-square
analyses is presented in Table 5.

Gender and Injury Patterns

No statistically significant association was found between
gender and shoulder injury (x2=2.61, df=1, p=0.105).
Similarly, no significant differences were observed between
males and females in terms of elbow, wrist, hand, and finger
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Table 2. Tennis players’ characteristics Table 3. Injuries in tennis players

Total n=198 % Total n=198 %

Age (years) Upper extremity injuries 139 70.2
10-17 6 3.0 Shoulder injuries 65 32.8
18-24 18 9.1 Elbow injuries 72 36.4
25-29 10 5.1 Wrist injuries 38 19.2
30-34 23 1.6 Hand and finger injuries 1 5.6
35-39 19 5.6 Lumbar or back injuries 30 15.2
40-44 28 141 Lower extremity injuries 75 379
45-49 17 8.6 Hip injuries 10 5.1
50-54 33 16.7 o

Thigh injuries 2 1.0

55-59 24 121
60-64 16 8.1 Knee injuries 58 293
65-69 4 20 Calf injuries 14 7.1
70+ 0 0 Ankle injuries 29 14.6

Gender Foot and toe injuries 1 5.6
Female 56 283 Diagnosed for these injuries 165 833
Male 142 71.7 Lateral epicondylitis 65 3238

How many years have you been playing tennis? (years) Medial epicondylitis 17 8.6
0-2 3 1.5 Rotator cuff tears 32 16.2
2-5 29 14.7 Carpal tunnel syndrome 6 3.0
5-10 42 21.2 Ganglion cysts 6 3.0
10+ 124 62.6 Trigger finger 7 35

How many days a week do you play tennis? (day/week) Cervical hernia 10 5.1
L 19 9.6 Lumbar disc herniation 25 12.6
2 40 20.2 Osteitis pubis 5 25

How many days a week do you play tennis? (day/week) Osteoarthritis 14 71
3 67 338 Osteochondral defect 29 14.6
4 36 182 )

Meniscopathy 25 12.6

5 16 8.1
6 1 56 Anterior cruciate ligament tear 8 4.0
7 9 45 Calf muscle tear 10 5.1

How did you learn tennis? Chronic ankle instability 13 6.6
Personal lessons 91 46.0 Achilles rupture 8 4.0
Group lessons 60 303 Achilles tendinitis 1 0.5
Watching from video sources 9 45 Plantar fasciitis 2 1.0
No support 38 19.2 Calcaneal spur 2 1.0

Which types of grip do you prefer?
Continental 76 384
Eastern 48 242 Table 4. Relationship between grip positions and elbow injury
Western 24 12.1 Grip positions Elbow injury prevalence
Semi-Western 28 14.1 Continental Higher
Do not know 22 1.1 Eastern Lower

Which type of backhand do you prefer? Western Higher
One-handed 76 384 Semi-Western Lower
Two-handed 122 61.6

Which type of court do you prefer? injuries (p>0.05). However, ankle injuries were significantly
Hard court 144 72.7

more common in female players compared to male players
Clay court 54 273 (422397, df=1, p=0.046).
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Table 5. Summary of Chi-square analysis between selected variables
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Variable 1 Variable 2 Chi-square Degrees of freedom P

Gender Shoulder injury 2.61 1 0.105
Gender Ankle injury 3.97 1 0.046
Age group (<40 vs. >40) Elbow injury 4.66 1 0.031
Age group (<40 vs. >40) Lateral epicondylitis 1.86 1 0.173
Court surface Knee injury 4.57 2 0.102
Grip position Elbow injury 15.73 4 0.003
Grip position Wrist injury 5.16 4 0.271
Grip position Hand/finger injury 7.59 4 0.108
Training frequency Lower extremity injuries 8.30 6 0.217

Age and Injury Patterns

A statistically significant association was found between
age group and elbow injury (x2=4.66, df=1, p=0.031).
Players aged =40 years demonstrated a higher prevalence
of elbow injuries compared to those under 40 years. No
statistically significant association was found between age
and lateral epicondylitis (LE) (x>=1.86, df=1, p=0.173) or
medial epicondylitis (p>0.05).

Playing Surface and Injuries

No statistically significant association was observed
between court surface preference and knee injury (x2=4.57,
df=2, p=0.102).

Grip Position and Upper Extremity Injuries

A statistically significant association was identified between
grip position and elbow injury (x2=15.73, df=4, p=0.003).
The prevalence of elbow injuries was highest among
players using western and continental grips (Table 4). No
statistically significant associations were found between
grip position and wrist injuries (x2=5.16, df=4, p=0.271) or
hand/finger injuries (x2=7.59, df=4, p=0.108).

Training Frequency and Lower Extremity Injuries

No statistically significant association was found between
the number of weekly fitness/exercise training sessions
and lower extremity injuries (x2=8.30, df=6, p=0.217).

All statistical assumptions were checked, and Fisher’s exact
test was applied when necessary.

Discussion

The present study investigated the relationship between
demographic characteristics, playing preferences, and injury
patterns in tennis players. The most important findings of
this study were the significant associations between grip
position and elbow injuries, the higher prevalence of ankle
injuries in female players, and the increased frequency of

elbow injuries in older players. During the course of a tennis
match, the joints of the spine are subjected to considerable
stress, particularly the shoulder, elbow, and knee joints. The
occurrence of these injuries is contingent upon the athlete’s
adherence to a training regimen designed to enhance their
performance. This finding is consistent with previous studies
suggesting that more extreme grip positions alter forearm
biomechanics and increase stress on the extensor and
flexor tendon origins. Western grip, in particular, requires
greater wrist involvement and forearm rotation during
stroke execution, which may lead to repetitive overload and
increased risk of tendinopathy. In our study, a statistically
significant association was observed between grip position
and elbow injuries, suggesting that forearm biomechanics
and grip-related loading patterns may play a key role in the
development of elbow pathology. No statistically significant
relationship was observed between grip position and wrist or
hand injuries, indicating that additional factors beyond grip
mechanics may contribute to distal upper extremity injuries.

The meta-analysis conducted by Pluim et al. ', which
included players of all levels, revealed that the incidence
of tennis injuries ranges from 0.04 to 3.0 injuries/1,000
h of tennis play. The incidence of injuries to the lower
extremities (31-67%) is greater than that of injuries to the
upper extremities (20-49%) and to the trunk (3-21%). The
most prevalent injuries affecting the lower extremities are
those to the ankle and thigh. In the upper extremity, the
most commonly injured areas are the shoulder and elbow.

LE,alsoknownastenniselbow, representsthe mostprevalent
overuse injury in tennis, affecting the extensor carpi radialis
brevis tendon. It is more prevalent among tennis players
with suboptimal technique, particularly those who are
not professionals [71. In a prevalence study conducted with
4,783 tennis players at all levels of expertise, the prevalence
of LE was found to be 1.3% [l The prevalence of shoulder
injuries among all tennis players, regardless of skill level, has
been observed to range from 4% to 17%. Shoulder injuries
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may be caused by a number of factors, including repetitive
use, scapular dyskinesia, rotator cuff tear, glenohumeral
internal rotation deficit, internal impingement syndrome,
and labral pathologies [21. In tennis, the knee is subjected
to considerable activity due to the repetitive nature of the
sport. This is evidenced by the frequent acceleration and
deceleration of the player, the return of the knee to the leg,
and the return to the court after hitting the ball. Although
it is commonly believed that such injuries are more
prevalent in male tennis players, particularly on hard courts,
epidemiological studies have demonstrated that female
tennis players are more likely to experience pathologies
such as meniscal tears, anterior cruciate ligament and
collateral ligament injuries, osteochondritis dissecans in the
femoral condyle, osteoarthritis of the knee, patellofemoral
syndromes, and jumper’s knee 9101 Tennis leg describes the
tear of the medial head of the gastrocnemius 1. Various
studies have shown that calf and Achilles tendon injuries
account for between 4% and 9% of all tennis injuries [2],

In the present study, we investigated how players’ court
preferences affect their injuries. In a survey of club-level
tennis players, Pluim et al. 3] examined the incidence of
injuries on different court surfaces. They compared clay
courts, hard courts, sandy artificial turf courts, and red sand
artificial turf courts and found no statistically significant
difference between the groups in the frequency of injuries.
Although it was not significant in the other groups, lower
extremity overuse injuries were higher on the hard court.
Nigg and Yeardon found that muscle sensitivity to different
surfaces varies and that playing tennis on different surfaces
is associated with the frequency and quality of lower
extremity injuries ©131 In one study, the prevalence of
injuries was higher on clay courts than on hard courtsin male
professional players. In recreational players, the protective
effect of clay courts was demonstrated in only one study 14,
In the present study, no statistically significant association
was found between playing surface and knee injuries, which
is consistent with the heterogeneous findings reported in
the literature. Considering that most of these injuries are
overuse-related, these observations may suggest a potential
influence of surface-related loading patterns; however, this
relationship requires further investigation.

Gescheit et al. [ Jooked at the prevalence of injuries at the
Australian Open between 2011 and 2016 and found that
statistically significantly more injuries occurred in female
players. In the present study, although upper extremity and
shoulder injuries appeared more frequent in male players,
this difference was not statistically significant. Women were
statistically significantly more likely to be diagnosed with
ankle injuries and ankle instability than men. Kitsoulis et al.
[16] i their study on cadavers found that the calcaneofibular
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ligament (CFL) in female cadavers could stretch statistically
significantly more than the CFL in male cadavers, i.e.,
the stretching ability was significantly higher in the CFL
ligament. They found this anthropometric difference in
ligament elongation between males and females quite
interesting. We think that the higher incidence of ankle
sprains and ankle instability in women in our study is
because this anthropometric difference puts women at a
disadvantage in providing ankle stability. Some trends were
observed regarding muscle injuries and cramp frequency
between genders; however, these differences were not
consistently statistically significant. In addition, we believe
that the high extensibility of the shoulder and leg musclesin
women is the reason for the low incidence of injury and that
it protects against injury in these regions. With this result,
tennis shoes for women can be preferred with an additional
protection of the ankle compared to men. We also suggest
that ankle stabilization and proprioception exercises are
more important in female tennis players than in men.

Miller et al. '7] emphasize in their review that the most
discussed and blamed factors in exercise-induced muscle
cramps are dehydration, electrolytes, and muscle fatigue, but
strong experimental evidence on this topic is lacking. Dakic
etal.['8 studied 52 Women’s Tennis Association (WTA) tennis
players. They collected information for 1000 h tennis match.
They found that 33% of WTA tennis players had muscle
cramps. Some observations suggested a higher incidence
of muscle cramps in female players in the present study;
however, this finding did not reach statistical significance.

In the present study, although the prevalence of LE was
higher in athletes aged 40 years and older (39.02%) than in
those younger than 40 years (22.67%), this difference was
not statistically significant. Players aged 40 years and older
showed a significantly higher prevalence of elbow injuries,
supporting the role of age-related degenerative changes
and cumulative loading in tendon pathology. Sayambatan
et al. ['% performed a literature review on risk factors for LE
in a meta-analysis and found that age outside of work and
smoking may be risk factors that accelerate degeneration
in the chronic disease. In the present study, no statistically
significant association was found between training
frequency and lower extremity injuries, suggesting that
training load alone may not fully explain injury patterns.

In a study of 370 nonprofessional tennis players, Tagliafico
et al. [ found that injuries of the ulnar side (extensor carpi
ulnaris tendinitis, pathology of the triangular fibrocartilage
complex) were significantly more frequent in western and
semi-western grips. Pathologies of the radial side (flexor
carpi radialis tendinitis, De Quervain tendinopathy, etc.)
were observed more frequently in the eastern grip. When
we looked at the literature, the effect of grip size, racquet
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string tension, and double-handed/single-handed use
on LE was examined 13751 Extreme grip positions may
contribute to increased mechanical stress on the elbow
joint. In grips where the racquet face remains relatively open
during the stroke, such as the continental grip, the player
compensates with increased forearm pronation. Conversely,
in western grips, where the racquet face is excessively
closed, greater forearm supination is required to control
the trajectory of the ball. In both scenarios, deviation from
the neutral forearm position may lead to increased tension
in the forearm musculature and repetitive overload at the
tendon origin. With closed grips, on the other hand, the
swing takes a vertical form due to the nature of the motion,
and the person must use the wrist with the racquet grip
closed; the wrist and hand are more actively involved in the
stroke, which naturally increases wrist and hand overload.
Since the given spin can be increased, the controlled energy
transferred to the ball has greatly increased compared to the
past, which is why elite athletes highly prefer closed grips
[20.21] This biomechanical mechanism may contribute to the
developmentof elbow symptomsin tennis players. Although
our findings demonstrated a significant association between
grip position and elbow injuries, no statistically significant
association was observed specifically for LE, as shown in
Tables 4 and 5. Therefore, while grip mechanics appear to
play animportant role in elbow pathology, additional factors
may influence the development of specific conditions such
as LE. From a clinical perspective, modification of extreme
grip preferences toward more neutral positions, such as
eastern or semi-western grips, may help reduce mechanical
stress on the elbow; however, this approach should be
considered alongside other contributing factors.

“How many days per week do you do fitness/movement
training in addition to tennis?” No statistically significant
relationship was found between training frequency and
lower extremity injuries. Although some differences were
observed, they did not reach statistical significance. Hjelm
et al. [22], in their study of junior tennis players, asked
players about their playing habits and found that playing
tennis more than 6 h/week was a risk factor for back pain.
Although no statistically significant relationship was
found, increased training frequency may still contribute
to cumulative loading; however, this hypothesis requires
further investigation. This should be a separate scientific
debate, and more work is needed on this topic.

Limitations

The limitations of our study were that we were unable
to reach players who played on grass and artificial grass
courts, so we could not make comparisons with players who
played on these surfaces. In addition to the parameters we
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studied, we believe that investigation of such parameters
(preferences of the racquet head size, string tension, weight
of the racquet) will contribute to the improvement of
athletes’ health. The present study has additional statistical
limitations. Age was categorized using a post-hoc cut-off of
40yearsbased onclinical considerations and the distribution
of the study population; therefore, this dichotomization
may have resulted in loss of information and the observed
associations may be dependent on the selected cut-off. In
addition, multiple exploratory comparisons were performed
without adjustment for multiple testing, which may have
increased the risk of type | error. Therefore, particularly
findings with borderline p values should be interpreted
cautiously and considered exploratory.

Conclusion

This study demonstrated that demographic characteristics
and playing preferences are associated with injury patterns
in tennis players. Grip position was significantly associated
with elbow injuries, highlighting the importance of
biomechanical factors in the development of elbow
pathology. Female players showed a higher prevalence of
ankle injuries and ankle instability, suggesting the need for
targeted preventive strategies in this group. In addition,
older age was associated with a higher prevalence of
elbow injuries, emphasizing the role of cumulative loading
and degenerative changes. These findings may contribute
to the development of targeted, sport-specific injury
prevention strategies in tennis players. Future studies are
required to better understand these relationships and to
develop effective injury prevention strategies.
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Abstract

Introduction: Electrolyte monitoring is essential in pediatric intensive care units (PICUs), where rapid clinical decisions are
frequently required. Blood gas analyzers (BGAs) provide fast, bedside results; however, their agreement with central labo-
ratory analyzers (CLAs) remains a matter of debate, particularly in pediatric populations. To evaluate the correlation, agree-
ment, and clinical interchangeability between electrolyte measurements obtained from a BGA and a CLA in pediatric inten-
sive care patients.

Methods: In this retrospective study, PICU patients with simultaneous BGA and CLA electrolyte measurements were includ-
ed. Sodium, potassium, and chloride values obtained from the two methods were compared. Correlation analysis was per-
formed using Spearman’s test, and agreement was assessed using Bland-Altman analysis. Predefined clinical acceptability
limits were applied. Subgroup analysis was conducted based on acid—base status.

Results: A total of 1,923 paired measurements were analyzed. Significant correlations were observed between BGA and
CLA for sodium (p=0.656), potassium (p=0.794), and chloride (p=0.714) (all p<0.001). However, Bland-Altman analysis
demonstrated wide limits of agreement for all parameters, with a substantial proportion of measurements falling outside
predefined clinical acceptability limits. Subgroup analysis showed slightly stronger correlations in patients with acidosis,
whereas sodium correlation was lower in the alkalosis group. Despite these variations, limits of agreement remained similar
across acid—base subgroups.

Discussion and Conclusion: Although BGA electrolyte measurements show significant correlation with central laboratory
results, the wide limits of agreement indicate that the two methods are not reliably interchangeable in clinical practice.
While BGA provides rapid and clinically valuable information, confirmation with central laboratory measurements is recom-
mended, particularly before making critical treatment decisions.

Keywords: Blood gas analysis; electrolytes; pediatric intensive care unit; point-of-care testing.

lectrolyte balance plays a fundamental role in intervals. Electrolyte abnormalities are associated with

maintaining physiological homeostasis in children, prolonged hospital stay and increased in-hospital mortality
who are particularly susceptible to fluid and electrolyte  [23]. Therefore, rapid, reliable, and reproducible monitoring
disturbances ['. In critically ill pediatric patients, sodium  of electrolyte levels is an important component of pediatric
and potassium levels may vary rapidly over short time intensive care unit (PICU) practice.

Correspondence: Kiibra Boydag Gliveng, M.D. Department of Pediatric Intensive Care, University of Health Sciences, Sancaktepe Sehit Prof. Dr.
ilhan Varank Training and Research Hospital, istanbul, Tiirkiye

Phone: +90 505 868 19 26 E-mail: kubrabydg@gmail.com
Submitted Date: 31.03.2026 Revised Date: 22.04.2026 Accepted Date: 06.06.2026

Haydarpasa Numune Medical Journal @ @@
OPEN ACCESS This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). BY__No


https://orcid.org/0000-0003-3881-6980
https://orcid.org/0000-0002-7532-7724
https://orcid.org/0009-0005-9244-4075
https://orcid.org/0000-0002-2424-6887
https://orcid.org/0000-0001-6309-8859

Boydag Guvencg et al., Agreement of Blood Gas and Laboratory Electrolytes / doi: 10.14744/hnhj.2026.12989 301

Electrolyte measurements are typically performed using
central laboratory analyzers (CLA). However, sample
transport and processing require time, which may lead
to delays, particularly in situations requiring rapid clinical
decision-making (1. In addition, the limited blood volume
in pediatric patients and the need for frequent sampling
in intensive care settings may pose significant challenges.
Conversely, blood gas analyzers (BGA) have become
an integral part of intensive care practice due to their
portability, bedside availability, and rapid turnaround time.
These analyzers require only minimal blood volume, which
enhances their clinical utility. Modern devices can measure
not only acid-base parameters but also key electrolytes
such as sodium and potassium [,

However, there is no clear consensus in the literature
regarding the agreement between BGA and CLA. While
some studies have reported strong correlations between
the two methods, others have identified significant
differences, particularly at clinically relevant decision-
making thresholds [7-91. Furthermore, findings from
studies conducted in adult populations cannot be
directly generalized to PICU patients. In this population,
physiological  characteristics, sampling  conditions,
and preanalytical factors may influence measurement
consistency. Therefore, assessment of the agreement
between BGA and CLA measurements in PICU patients is
clinically important.

In this retrospective study, sodium, potassium, and
chloride levels obtained from simultaneously collected
samples analyzed by the BGA and the CLA in PICU
patients were compared to evaluate the relationship,
agreement, and clinical interchangeability between the
two methods.

Materials and Methods

Study Design and Patient Population

This study was designed as a single-center, retrospective
method-comparison study conducted in a tertiary-level
PICU at Sancaktepe Sehit Prof. Dr. [lhan Varank Training and
Research Hospital. Patients who were admitted between
January 2022 and December 2024 and had simultaneous
BGA and electrolyte measurements performed in the CLA
were included in the study.

Patients under 18 years of age were included in the
study. Measurements without simultaneous blood gas
and serum biochemistry electrolyte data, as well as those
with missing or clearly implausible values, were excluded.
Due to the retrospective design, hemolysis status was not
systematically recorded and therefore could not be used as
an exclusion criterion.

Simultaneous measurement was defined as blood gas
and biochemistry samples obtained within the same
clinical time frame (15 min). This time interval was
selected in accordance with previous studies comparing
BGA with CLA measurements. To minimize bias related to
repeated measurements, only the first pair of simultaneous
measurements obtained on the day of PICU admission was
included in the analysis for each patient.

Ethical approval for the study was obtained from the
institutional ethics committee (Approval No: 2026/118).The
study was conducted in accordance with the Declaration of
Helsinki. Written informed consent was not required due to
the retrospective nature of the study.

Laboratory Measurements

Blood gas samples were collected using heparinized
syringes (TTT World, Canada Technology; 2 mL, containing
dry balanced heparin) and were analyzed within 2 min
of sampling using a RAPID Point 500 BGAs (Siemens
Healthcare Diagnostics, Germany) located in the PICU.
Electrolyte measurements on the BGA were performed
using the direct ion-selective electrode (ISE) method.

For central laboratory electrolyte measurements, venous
blood samples were collected into serum separator tubes
(Vacusera®, Disera Inc., izmir, Turkiye; 5 mL, gel and clot
activator tubes). Samples were transported to the central
laboratory at room temperature and analyzed withinamean
time of 30 min. Before analysis, samples were centrifuged
according to routine laboratory procedures. Electrolyte
measurements were performed using a Roche Cobas 6000
¢501 autoanalyzer, based on the indirect ISE method.

While the BGA measures free ion activity directly in
undiluted whole blood using the direct ISE method, the
CLA measures plasma concentration in a diluted serum
sample using the indirect ISE method. In the indirect ISE
method, the sample is diluted at a fixed ratio with a buffer
solution before measurement, and calculations are based
on the assumption that approximately 93% of plasma
consists of the aqueous phase 19,

Blood samples were obtained by nurses in accordance with
standard clinical practice; the sampling source (arterial,
venous, or catheter-derived) was determined based on
routine clinical decision-making and was not standardized.
In our PICU, capillary blood gas sampling is not routinely
used in critically ill patients; therefore, the majority of
samples are obtained from arterial or venous sources.

Data Collection

Demographic and clinical data of the patients (including
age, sex, PRISM score [''] |ength of stay, and primary
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Table 1. Baseline demographic and clinical characteristics of the
study population

Characteristics n %
Age, (month), median (IQR) 40 (11-128)
Gender
Male 1075 55.9
Female 848 441
Etiologies of admission
Respiratory diseases 794 413
Neurological diseases 291 15.1
Sepsis 161 8.4
Trauma 159 8.3
Intoxication 150 7.8
Endocrinological diseases 85 44
Others 282 14.7
PRISM Ill score, median (IQR) 2 (0-5)
Mortality 128 6.7

PRISM IlI: Pediatric risk of mortality score; IQR: Interquartile range.

diagnoses) were retrospectively obtained from the
electronic medical record system. Simultaneous blood gas
and serum electrolyte measurements were matched at the
patient level, and a dataset was constructed for analysis.

Statistical Analysis

Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics for Windows,
Version 22.0 (IBM Corp., Armonk, NY, USA). Continuous
variables were expressed as meanzstandard deviation
or median (interquartile range), depending on data
distribution.

The relationship between the BGA and the CLA was
assessed using Spearman correlation analysis. Agreement
between the two measurement methods was evaluated
using Bland-Altman analysis. In this analysis, the mean
difference (bias) and 95% limits of agreement (mean
difference +1.96 standard deviation) were calculated.

In addition, clinical interchangeability between the two
methods was assessed by classifying measurements

according to predefined clinically acceptable difference
limits (x5 mmol/L for sodium and chloride, and +0.5
mmol/L for potassium) 89121 These predefined limits were
selected based on commonly accepted clinical thresholds
and previous method-comparison studies. A p<0.05 was
considered statistically significant.

Results

A total of 1,923 patients were included in the study. The
median age was 40 months (IQR, 11-128), and 1,075
(55.9%) were male. The most common reason for admission
was respiratory diseases (41.3%), followed by neurological
disorders (15.1%) and sepsis (8.4%). The median PRISM ll|
score was 2 (IQR, 0-5), and the overall mortality rate was
6.7%. The demographic and clinical characteristics of the
patients are presented in Table 1.

The agreement analysis included 1,875 paired sodium
and potassium measurements and 1,874 paired chloride
measurements. The arterial and venous sample sizes
were 962 and 904 for sodium, 964 and 910 for potassium,
and 957 and 902 for chloride, respectively. Spearman
correlation analysis demonstrated statistically significant
positive correlations between BGA and central laboratory
measurements for sodium (p=0.656, p<0.001), potassium
(p=0.794, p<0.001), and chloride (p=0.714, p<0.001).

According to Bland-Altman analysis, the mean difference
(bias) for sodium was -1.04+4.5 mmol/L, with 95% limits of
agreement ranging from -9.9 to 7.8 mmol/L.

For potassium, the mean difference was -0.27+0.4 mmol/L,
with 95% limits of agreement between -1.0 and 0.5 mmol/L.

For chloride, the mean difference was 0.76£3.5 mmol/L,
with limits of agreement ranging from -6.1 to 7.6 mmol/L.

When predefined clinically acceptable limits (+5 mmol/L for
sodium and chloride, and +0.5 mmol/L for potassium) were
applied, 8.6% of sodium measurements, 23.3% of potassium
measurements, and 10.1% of chloride measurements fell
outside the acceptable difference range (Table 2). Bland-
Altman plots demonstrating the agreement between blood
gas and laboratory measurements for sodium, potassium,
and chloride are shown in Figure 1.

Table 2. Correlation and agreement analysis between blood gas and laboratory electrolytes

Laboratory Blood gas Mean difference 95% Limits of % Outside Spearman p
MeantSD Mean+SD Mean+SD agreement clinical limits
Sodium (mmol/L) 138.9+5.1 137.9+5.2 -1.04+4.50 -99t07.38 8.6 0.6562
Potassium (mmol/L) 4.6x+0.6 3.910.6 -0.27+0.4 -1.0t0 0.5 23.3 0.7942
Chloride (mmol/L) 104.6+6.1 105.4+5.5 0.76+3.5 -6.1t07.6 10.1 0.7142

2; p<0.001. SD: Standard deviation; p: Spearman correlation coefficient.
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Figure 1. Bland-Altman plots for agreement between blood gas and laboratory electrolyte measurements.

Subgroup analysis based on acid-base status
demonstrated that correlations between blood gas
and laboratory measurements were slightly stronger in
patients with acidosis compared to those with normal
or alkalotic pH values. Sodium showed the lowest
correlation in the alkalosis group (p=0.584), whereas
potassium showed significant positive correlations across
all subgroups. Despite these variations in correlation
strength, Bland-Altman analysis revealed similar limits

Table 3. Bland-Altman analysis according to acid-base status

of agreement across all acid-base groups, indicating that
overall agreement between the two methods was not
significantly influenced by acid-base status (Table 3).

In subgroup analyses according to blood sample type,
statistically significant positive correlations between BGA
and central laboratory measurements were observed for all
three electrolytes in both arterial and venous samples (all
p<0.001). The corresponding mean differences and 95%
limits of agreement are presented in Table 4.

Group Parameter (mmol/L) Mean difference+SD 95% Limits of agreement Spearman p*
Acidosis Sodium -0.75+£3.24 -7.1t05.6 0.721
Potassium -0.28+0.42 -1.10to 0.54 0.819
Chloride 0.81+3.80 -6.6 to 8.3 0.740
Normal Sodium -1.15+£3.38 -7.8t05.5 0.636
Potassium -0.25+0.38 -1.0t0 0.5 0.789
Chloride 0.64+3.27 -5.8t07.0 0.733
Alkalosis Sodium -1.41+£3.07 -741t04.6 0.584
Potassium -0.30+0.41 -1.11t0 0.51 0.811
Chloride 1.13£2.97 -47t07.0 0.731

*: Spearman correlation coefficient, p<0.001. SD: Standard deviation.

Table 4. Comparison of measurement agreement in arterial and venous blood samples

Parameter (mmol/L) Subgroup n Mean difference+SD 95% Limits of agreement Spearman’s p
Sodium (mmol/L) Arterial 962 -0.66+3.20 -6.93t05.61 0.643*
Venous 904 -1.30£3.09 -7.36t04.76 0.712*
Potassium (mmol/L) Arterial 964 -0.29+0.39 -1.06 to 0.47 0.806*
Venous 910 -0.24+£0.41 -1.04 to 0.56 0.803*
Chloride (mmol/L) Arterial 957 1.42+3.29 -5.03t0 7.87 0.728*
Venous 902 0.19+3.15 -5.99t0 6.36 0.756*

*: p<0.001 for all correlations. SD: Standard deviation; n: Number of samples; p: Spearman correlation coefficient.
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Discussion

This study evaluated the relationship, agreement, and
clinical interchangeability of sodium, potassium, and
chloride measurements obtained using a bedside BGA
and a CLA in PICU patients. Our findings demonstrate
statistically significant correlations between the two
methods for all three electrolytes. However, the wide
limits of agreement observed in Bland-Altman analysis
indicate clinically relevant discrepancies at the individual
measurement level, suggesting that the two methods are
not reliably interchangeable in clinical practice.

Importantly, the clinical relevance of measurement
differences may vary across value ranges, being negligible
within normal limits but potentially significant at extreme
values. Therefore, agreement should be interpreted in the
context of absolute electrolyte levels rather than fixed
thresholds alone.

The literature reports conflicting findings regarding
the agreement between BGA and CLA measurements.
Konuksever et al.l” reported clinically unacceptable limits of
agreement for sodium and concluded that the two methods
could not be used interchangeably. Similarly, Altunok et
al.l'3! and Solak et al.l'¥ reported significant differences
between the two methods for sodium measurements, with
reduced agreement particularly at extreme sodium values.
In contrast, other studies, including those by Zhang et al.[]
and Mirzazadeh et al.l'>, reported acceptable agreement for
certain parameters. However, evenin studies reporting good
agreement, discrepancies at the individual measurement
level were emphasized, highlighting the need for cautious
interpretation when making clinical decisions.[®!

One of the main reasons for the differences between the
two methods is the variation in measurement technologies.
While BGAs measure ion activity in undiluted whole blood
using the direct ISE method, CLAs predominantly use
the indirect ISE method, which involves sample dilution.
The indirect ISE method is based on the assumption that
approximately 93% of plasma consists of water and 7% of
proteins and lipids 816l Therefore, pseudohyponatremia
may occur in cases of hyperproteinemia or hyperlipidemia,
whereas the indirect ISE method may overestimate sodium
levels in the presence of hypoproteinemia ['7]. These factors
may contribute to discrepancies between the two methods.
Therefore, although BGA measurements are useful for
rapid detection of electrolyte abnormalities, confirmation
with central laboratory measurements remains essential,
especially beforeinitiating critical therapeuticinterventions.

For potassium, although correlation coefficients were
relatively high, the observed limits of agreement remained
wide. Given that even small variations in potassium levels may

have critical clinical consequences, particularly in critically ill
patients, these discrepancies may have direct implications
for arrhythmia risk assessment and treatment decisions.['8]
Hemolysis is a well-recognized contributor to potassium
variability. Since intracellular potassium concentrations
are substantially higher than plasma levels, even minimal
hemolysis can lead to falsely elevated values (9], Because
BGA uses whole blood samples and is less capable of
detecting hemolysis than CLA, this may have contributed to
the observed discrepancies between measurements 8. In
addition, preanalytical factors such as sampling technique,
catheter use, and mechanical trauma during blood
collection may further increase variability (20, The inability
to standardize these factors due to the retrospective design
represents an important limitation of this study.

Chloride measurements have been less extensively
studied; however, previous reports have shown both good
agreement and significant discrepancies between methods
[21.22] Chloride plays a key role in acid-base evaluation,
particularly in calculations such as the strong ion
difference and anion gap. Therefore, variations in chloride
measurements may influence the clinical interpretation of
acid-base status and potentially affect clinical decision-
making 221, In this context, interpreting chloride values
alongside central laboratory results may provide a more
reliable assessment in critically ill patients.

Subgroup analysis based on acid-base status demonstrated
that correlations between BGA and CLA measurements
were slightly stronger in patients with acidosis, whereas
sodium showed a weaker correlation in the alkalosis group.
Despite these variations, Bland-Altman analysis revealed
similar limits of agreement across all subgroups, indicating
that overall agreement was not significantly influenced by
acid-base status. Similarly, Konuksever et al.l”l reported
that agreement between blood gas and central laboratory
measurements remained unaffected across different acid-
base patterns. These findings suggest that although acid-
base disturbances may affect the strength of correlation,
they do not substantially alter clinical interchangeability.
Notably, this observation highlights that correlation
alone may not adequately reflect clinical agreement,
emphasizing the importance of agreement analysis when
evaluating method interchangeability. The relatively higher
correlation observed in the acidosis subgroup may reflect
pH-related alterations in electrolyte distribution, though
the underlying mechanisms require further investigation.
Despite this, Bland-Altman analysis revealed similar limits
of agreement across all acid-base groups.

Differences between methods in PICU patients may be
influenced by physiological and preanalytical factors
specific to children. In particular, differences in hematocrit
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and plasma protein levels compared with adults may alter
measurement dynamics, especially in direct ISE methods
(23], |n addition, small-volume sampling and blood collection
via catheter or capillary access may increase the risk of
hemolysis, potentially leading to inaccuracies, particularly
in potassium measurements 29, Therefore, it may not
always be appropriate to directly extrapolate calibration
data derived from adult populations to pediatric patients.

Limitations

This study has several limitations. Its retrospective and
single-center design may limit generalizability. In addition,
preanalytical variables such as sampling technique, sample
handling, and the presence of hemolysis could not be
fully standardized. The use of a single type of BGA and
CLA may further restrict the applicability of the findings to
other settings. Nevertheless, a major strength of this study
is the large sample size and the evaluation of electrolyte
agreement in a PICU population.

Conclusion

Electrolyte measurements obtained from BGA in pediatric
intensive care patients show a significant correlation with
central laboratory results. However, the wide limits of
agreement indicate that these methods are not reliably
interchangeable in clinical practice. While BGA provides
rapid and clinically valuable information, confirmation
with central laboratory measurements is recommended,
particularly before making critical treatment decisions.
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Abstract

Introduction: The objective of the study is to evaluate clinical outcomes and demographic characteristics of patients under-
going decompressive craniectomy for cerebral complications following cardiothoracic surgery or endovascular procedures.
Methods: This single-center retrospective study included 96 patients who underwent decompressive craniectomy between
July 2016 and June 2025. Among these, 37 patients who required decompressive craniectomy due to hemorrhage and/or
infarction following cardiothoracic surgery or endovascular procedures were included. Demographic characteristics, pre-
operative midline shift, post-operative craniectomy size, and modified Rankin Scale scores at discharge were analyzed.
Results: The mean age of the 37 patients was 61.2+13.9 years. During follow-up, 81.1% of the patients died. The mean age
of survivors was significantly lower than that of non-survivors (p=0.010). No statistically significant association was found
between clinical outcome and sex, pre-operative midline shift, or post-operative craniectomy size. Firth penalized logistic
regression analysis identified age as the only variable independently associated with mortality (p=0.006). This association
remained significant after exclusion of the single pediatric patient in sensitivity analysis (p=0.024).

Discussion and Conclusion: Mortality remains high in patients undergoing decompressive craniectomy for cerebral compli-
cations following cardiothoracic surgery or endovascular procedures. Age was identified as the only independent predictor
of mortality.

Keywords: Brain edema; cardiothoracic surgery; cerebral hemorrhage; cerebral ischemia; decompressive craniectomy; en-
dovascular procedures.

ecompressive craniectomy is a life-saving surgical
Dprocedure frequently used in neurosurgical practice
for pathologies associated with increased intracranial
pressure. Increased intracranial pressure secondary to
various etiologies may lead to cytotoxic and vasogenic
brain edema, resulting in impaired consciousness and

cerebral herniation. Decompressive craniectomy allows
rapid reduction of intracranial pressure and improvement
of cerebral perfusion by removal of the bone flap [12,

Hemispheric stroke and intracranial hemorrhage occurring
as cranial complications after cardiothoracic surgery
or endovascular interventional procedures represent
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challenging clinical conditions due to accompanying severe
cardiovascular comorbidities and the use of anticoagulant
and antiplatelet therapies. In this patient group, the
decision to perform decompressive craniectomy is made
under more complex clinical circumstances compared with
standard cerebrovascular cases.

Importantly, although ischemic and hemorrhagic
pathologies differ in pathophysiology, they often
coexist or present within a similar clinical context in this
specific population, necessitating urgent neurosurgical
intervention. Therefore, evaluating these entities together
may better reflect real-world clinical practice.

Previous studies have reported variable mortality and
functional outcomes in patients undergoing decompressive
craniectomy for malignant hemispheric stroke following
cardiothoracic surgery 31 In addition, long-term evaluations
after decompressive craniectomy have emphasized that not
only survival but also cognitive and functional outcomes are
important, and that long-term cognitive impairment may
be particularly pronounced in cases of large middle cerebral
artery infarction . Clinical series have demonstrated that
initial level of consciousness, accompanying pathologies,
and surgical characteristics are major factors determining
post-operative clinical outcomes [31,

However, data regarding this specific and heterogeneous
patient population remain limited, and it is not clearly
defined which demographic and clinical factors are
associated with outcomes in this group.

The aim of this study was to evaluate the demographic
characteristics and clinical outcomes of patients who
underwentdecompressive craniectomy duetohemorrhage
and/or infarction developing after cardiothoracic surgery
or endovascular interventional procedures.

Materials and Methods

This study was designed as a single-center retrospective
study. Ethical approval was obtained from the Haydarpasa
Numune Training and Research Hospital ethics committee
on November 11, 2025 (Approval No: HNEAH-GOAEK/
KK/2025/144-4983). The study was conducted in
accordance with the Declaration of Helsinki and included
retrospective clinical data from human participants.

A total of 96 patients who underwent decompressive
craniectomy in our neurosurgery clinic between July
2016 and June 2025 were retrospectively identified.
Among these, 37 patients who underwent decompressive
craniectomy due to cerebral complications (hemorrhage
and/or infarction) developing after cardiothoracic surgery
or endovascular interventional procedures performed at
another center were included in the study. One pediatric
patient was included in the analysis due to similar clinical
presentation and management; however, given the limited
number, no subgroup analysis was performed.

Patients who underwent decompressive craniectomy due
to trauma, intracranial tumors, infection, hypertensive
hemorrhage, or ischemic stroke without a preceding
cardiothoracic or endovascular procedure were excluded.

All  patients were evaluated retrospectively using
medical records and pre-operative and post-operative
cranial computed tomography (CT) scans obtained
from the hospital electronic database. Demographic
characteristics, including age and sex, were recorded. Pre-
operative midline shift measurements on CT and post-
operative craniectomy size were evaluated (Fig. 1). Clinical
outcomes were assessed using the modified Rankin scale
(mRS) at discharge.

Figure 1. Axial cranial computed tomography images showing (a) pre-operative midline shift measurement and (b) decompressive

craniectomy width measurement.
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Table 1. Distribution of demographic and clinical characteristics according to patients’ outcomes

Variables (n=37) Survivors (n=7) Exitus (n=30) P
Sex, n (%) 0.647
Male 6(85.7) 21 (70.0)
Female 1(14.3) 9(30.0)
Age (years) 0.010
MeanxSD 45120 64+11
Median (min-max) 46 (8-69) 65 (41-85)
mRS, n (%) <0.001
No significant disability, mild symptoms 1(14.3) 0(0)
Slight disability, able to carry out own affairs independently 1(14.3) 0(0)
Moderate disability, requires some assistance 1(14.3) 0(0)
Moderately severe disability, requires assistance in daily activities 3(42.9) 0(0)
Severe disability, bedridden, requires constant care 1(14.3) 0(0)
Death 0(0) 30 (100)
Pre-operative midline shift (mm) 1.000
Mean+SD 11.6+4.0 11.8+4.8
Median (min-max) 11(6-18) 11 (4-21)
Post-operative craniectomy width (mm) 0.531
MeanxSD 110.1+5.2 112.3+14.5

Median (min-max)

110 (100-115) 113 (83-149)

SD: Standard deviation.

Statistical Analysis

Statistical analyses were performed using IBM SPSS
Statistics for macQS, version 31.0 (IBM Corp., Armonk, NY,
USA). Categorical variables were presented as number
and percentage [n (%)], and continuous variables were
reported as mean = standard deviation and median
(minimum-maximum). Comparisons between survivors
and deceased patients were performed using the Mann-
Whitney U test for continuous variables and the chi-square
test for categorical variables. Given the limited sample size
and high mortality rate, Firth penalized logistic regression
analysis was used to evaluate factors independently
associated with mortality. Age, sex, preoperative midline
shift, and postoperative craniectomy width were included
in the model. Regression results were presented as odds
ratios (ORs) with 95% confidence intervals (Cls). To assess
the potential influence of the pediatric patient on the
results, a sensitivity analysis was performed after excluding
this patient. Multicollinearity among variables was
assessed using variance inflation factor (VIF) values, and
no collinearity was detected (VIF <5). A p-value <0.05 was
considered statistically significant for all analyses.

Results

Of the 37 patients included in the study, 27 (73.0%) were
male and 10 (27.0%) were female. The mean age was

61.2+13.9 years, with a median age of 63 (range: 8-85).
Thirty-six patients were adults, and one patient was in the
pediatric age group.

The demographic and clinical characteristics of patients
according to survival status are summarized in Table 1.
Decompressive craniectomy was performed in 29 patients
following cardiothoracic surgery and in 8 patients following
endovascular procedures due to cerebral complications.

At discharge, 7 patients (18.9%) survived, while 30 patients
(81.1%) died. The mean age of surviving patients was 45+20
years, whereas the mean age of patients who died was 64+11
years. A statistically significant difference in age was observed
between the two groups (Mann-Whitney U test, p=0.010).
No significant difference was observed between the groups
in terms of sex distribution (Chi-square test, p=0.647).

The mean pre-operative midline shift was 11.6+4.0 mm
in the surviving group and 11.8+4.8 mm in patients who
died, with no significant difference (p=1.000). The mean
post-operative craniectomy size was 110.1£5.2 mm in the
surviving group and 112.3£14.5 mm in patients who died,
with no significant difference (p=0.531).

Clinical outcomes were assessed using the mRS. Among
the surviving patients, 3 (42.9%) had good outcomes (mRS
1-3), 3 (42.9%) had moderate to severe disability (mRS 4),
and 1 (14.3%) had severe disability (mRS 5). All patients
who died were classified as mRS 6.
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Table 2. Firth penalized logistic regression analysis of factors associated with mortality

Variable Main model (n=37) Sensitivity analysis* (n=36)
OR (95% Cl) p OR (95% ClI) p

Age 1.090 (1.021-1.213) 0.006 1.091 (1.011-1.215) 0.024
Sex

Male Reference - Reference -

Female 1.279 (0.140-16.967) 0.828 1.284 (0.140-17.074) 0.825
Midline shift 1.047 (0.857-1.313) 0.654 1.047 (0.856-1.313) 0.653
Craniectomy width 1.023 (0.955-1.113) 0.522 1.023 (0.955-1.113) 0.522

*: The 8-year-old pediatric patient was excluded from the sensitivity analysis. OR: odds ratio; Cl: confidence interval. Confidence intervals and p-values were calculated

using the penalized likelihood approach.

Given that only one pediatric patient was included, a
separate subgroup analysis was not feasible. Therefore,
a sensitivity analysis was performed after excluding this
patient to evaluate the potential influence of the pediatric
case on the regression results.

Firth penalized logistic regression analysis showed that age
was independently associated with mortality. Each 1-year
increase in age was associated with an approximately
9% increase in the odds of mortality (OR=1.090, 95% Cl:
1.021-1.213; p=0.006). Sex, preoperative midline shift, and
postoperative craniectomy width were not significantly
associated with mortality (p>0.05). In the sensitivity analysis
excluding the pediatric patient, the association between
age and mortality remained statistically significant
(OR=1.091, 95% Cl: 1.011-1.215; p=0.024) (Table 2).

Discussion

Decompressive craniectomy is one of the most
effective surgical interventions for reducing intracranial
pressure and preventing secondary brain injury in
patients with malignant cerebral infarction and similar
intracranial pathologies. Previous studies have shown
that decompressive craniectomy can reduce mortality,
particularly in patients refractory to medical treatment;
however, its impact on functional outcomes remains
variable and depends on patient selection, age, and
accompanying clinical factors [, Cerebral complications
developing after cardiothoracic surgery or endovascular
interventions represent a more complex and high-risk
patient population compared with the classical population
in whom this surgical approach is applied. These patients
are often characterized by severe systemic comorbidities,
perioperative instability, and the use of anticoagulant or
antiplatelet therapies.

Previous studies have reported that clinical outcomes
following decompressive craniectomy in this specific

patient group are generally poor, and advanced age may
be associated with worse prognosis [>1.

In the present study, age was identified as a variable
associated with clinical outcome. No statistically
significant association was observed between clinical
outcome and the other evaluated clinical or radiological
parameters. This finding may suggest that, in patients
with severe cerebral injury, advanced age is associated
with poorer outcomes, possibly due to reduced
physiological reserve, increased comorbidity burden,
and limited neurological recovery capacity. Importantly,
the association between age and mortality remained
significant in the sensitivity analysis excluding the single
pediatric patient, indicating that this finding was not
dependent on the inclusion of the pediatric case.

The impact of age on prognosis in patients undergoing
decompressive craniectomy for malignant cerebral
infarction has been widely discussed in previous studies
[67] These studies indicate that although surgical
intervention may improve survival in older patients,
functional outcomes are often limited in this age group.
Additional studies have also shown that age may influence
both early mortality and long-term functional outcomes
8], Our findings are consistent with the existing literature.

Cerebral complications developing after cardiothoracic
surgery represent a patient population with more complex
clinical management and higher risk compared with
the classical malignant middle cerebral artery infarction
population. In these patients, pre-operative use of
anticoagulant orantiplatelet therapy, coagulation disorders,
and accompanying systemic diseases may adversely
affect the clinical course. Data regarding the outcomes of
decompressive craniectomy in this specific patient group
are limited, and high mortality rates have been reported
in the literatiire 3, These findings are consistent with the
high mortality rate (81.1%) observed in our series.
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In our study, no statistically significant association was
found between sex and clinical outcome. This observation
is consistent with previous studies in which sex has not
been identified as an independent prognostic factor 671,
Similarly, although pre-operative midline shift and post-
operative craniectomy size were evaluated, these parameters
did not demonstrate a significant association with clinical
outcome. This may suggest that, particularly in patients with
severe cerebral injury following cardiothoracic surgery or
endovascularinterventions, patient-related factors may have a
more prominent role than surgical parameters in determining
outcomes 19111, Although midline shift and craniectomy size
are traditionally considered important surgical parameters,
their lack of association in our study may indicate that their
prognostic value is limited in this complex patient population.

In addition, recent studies have emphasized that the
balance between survival and functional outcome after
decompressive craniectomy remains controversial in
older patients, and age continues to be an important
determinant of clinical outcome 2131 In our series,
the finding that age was the only variable showing a
statistically significant association with mRS when all
clinical and radiological parameters were evaluated
together appears to be in line with the literature.

The present study has several limitations that should be
acknowledged. First, its retrospective and single-center
design may limit the generalizability of the findings.
In addition, the heterogeneous nature of the patient
population, including both ischemic and hemorrhagic
complications, may have influenced the analysis. However,
this heterogeneity also reflects real-world clinical practice,
where such patient groups are frequently encountered.

Subgroup analyses based on etiology were limited by
the relatively small sample size and were not sufficiently
powered to allow reliable stratified comparisons.

Although decompressive craniectomy has been extensively
studied in the literature, data specifically focusing on
patients who develop cerebral complications following
cardiothoracic surgery or endovascular interventions
remain relatively limited and heterogeneous. Although
the majority of patients were adults, the inclusion of a
single pediatric case may have slightly affected population
homogeneity. Furthermore, certain clinical parameters
known toinfluence outcomes, such as detailed neurological
status or comorbidity burden, could not be fully evaluated
due to the retrospective design.

The lack of detailed comorbidity data (e.g., hypertension,
diabetes, dyslipidemia) represents an additional limitation
of this study. The absence of a control group limits the ability
to evaluate the direct effect of decompressive craniectomy

on outcomes. The timing of surgery was generally based on
clinical and/or radiological deterioration; however, precise
timing could not be standardized due to the retrospective
design. Despite high mortality and morbidity rates,
decompressive craniectomy may still provide life-saving
benefit in carefully selected patients, and surgical decisions
should be individualized.

Limitations

Despite these limitations, this study provides clinically
relevant insight into this complex and high-risk patient
population. Our findings indicate that age is associated
with clinical outcome, suggesting that patient-related
factors may play a more prominent role than surgical
parameters in determining outcomes in this setting.

Conclusion

Mortality and morbidity remain high in patients
undergoing decompressive craniectomy for malignant
hemispheric stroke following cardiothoracic surgery or
endovascular interventions. Age was associated with
clinical outcome and mortality, suggesting that patient-
related factors may be more influential than surgical
parameters in this setting. Decompressive craniectomy
should be considered on an individual basis, taking into
account the patient’s age, comorbidities, and overall
clinical condition, and may still provide life-saving benefit
in selected cases. In clinical practice, surgical intervention
was typically performed following clinical deterioration
accompanied by radiological progression, although the
exact timing varied among patients.
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Atopy in Children with Type 1 Diabetes Mellitus:
A Single-Center Study
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Abstract

Introduction: Type 1 diabetes mellitus (T1DM) is a chronic metabolic disorder that is frequently encountered in childhood,
arising from immune-mediated impairment of pancreatic 3-cell function. Th1 responses are predominantly associated with
autoimmune mechanisms within T helper (Th) cell subsets, while Th2 responses are primarily involved in allergic diseases.
The balance between Th1 and Th2 pathways may reflect a potential inverse relationship between autoimmune and atopic
conditions. Therefore, this study aimed to assess the prevalence of atopy among children and adolescents with T1DM.
Methods: This study included 30 children diagnosed with TIDM and 100 healthy children. The presence of atopy was assessed
using the International Association of Asthma and Allergies in Childhood questionnaire. In addition, atopy indicators included
physician-confirmed diagnoses, serum total immunoglobulin E (IgE) concentrations, and peripheral eosinophil counts.
Results: The prevalence of atopy, serum IgE levels, and eosinophil counts were similar between the diabetic and control groups.
Discussion and Conclusion: Our findings indicate no significant or directional association between T1DM and atopic dis-
eases in children, with comparable prevalence rates observed between patients and healthy controls. These results suggest
that the relationship is complex and multifactorial, extending beyond the traditional Th1/Th2 paradigm and likely involving
multiple immunological and environmental mechanisms.

Keywords: Allergy and immunology; atopy; child; diabetes mellitus; type 1.

ype 1 diabetes mellitus (T1DM) is a metabolic disorder

characterized by persistent high blood sugar levels
due to insufficient insulin production. It also causes
disturbances in protein and fat metabolism ['. The cause
of the disease is multifactorial and develops as a result of
the interaction of genetic predisposition, immunological
factors, and environmental triggers (2. The rate of T1IDM
cases is rising globally at an approximate annual rate of
2-5% 3], and genetic factors can explain this increase.
Although the immune pathogenesis of T1DM has not been
fully elucidated, T cells play a critical role 41,

Immune system disorders can manifest in three main
forms: Immunodeficiency syndromes, atopic diseases,
or autoimmune diseases. The relationship between
immunodeficiency syndromes and autoimmune diseases
has long been known [l However, the relationship
between allergic diseases and autoimmune diseases has
not been clearly established.

Atopic diseases include allergic rhinitis, asthma, and atopic
eczema. These conditions are typically associated with
elevated serum immunoglobulin E (IgE) concentrations and
characteristic cytokine expression patterns of T helper (Th)
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cells.Th cells are divided into different subgroups according to
their cytokine secretion profiles. Th1 cells mainly secrete pro-
inflaimmatory cytokines such as interferon-gamma (IFN-y).
IFN-y contributes to the suppression of IgE-mediated and
eosinophilic responses, while also playing an important role
in cell-mediated immunity mechanisms 71, In contrast, Th2
cells regulate humoral immunity and allergic inflammation
processes by secreting cytokines such as interleukin (IL)-
4, IL-5, and IL-13 8], In general, Thi-derived cytokines are
associated with immune responses to intracellular pathogens
and autoimmune processes, while Th2-type cytokines play
a role more in responses to extracellular infections and the
pathogenesis of atopic diseases [,

A lower rate of atopic disorders is anticipated in TIDM,
a Thl-mediated autoimmune condition, within this
immunological context. We sought to establish whether
the prevalence of atopic symptoms, encompassing asthma,
allergic rhinitis, and eczema, as well as total serum IgE and
peripheral eosinophil counts, varied between children with
and without TIDM.

Materials and Methods

This prospective clinical study included children and
adolescents aged 5-18 years diagnosed with TIDM. The
study involved thirty children with TIDM (16 males, 14
females; mean age: 12.6+£3.54 years) and 100 healthy
controls (45 males, 55 females; mean age: 11.34+3.18
years). The ages, genders, and diabetes onset dates of
all participants included in the study were recorded.
The study start date was used as a reference for age and
diabetes duration calculations. Continuous variables were
expressed as meanzstandard deviation and categorical
variables as number (percentage). Continuous variables
were compared using the independent samples t-test or
Mann-Whitney U test, as appropriate, while categorical
variables were compared using the Chi-square test. A
p<0.05 was considered statistically significant.

T1DM was identified by plasma glucose levels of 200 mg/
dL, typical clinical symptoms, the presence of diabetes-

Table 1. Comparison of the groups by age and gender
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related antibodies, and a decrease in C-peptide levels at
the time of diagnosis. Patients with other forms of diabetes
(type 2 or young patients with maturity-onset diabetes)
were excluded. The control group consisted of children
without inflammatory, autoimmune, or neoplastic diseases
and without regular medication use.

Total serum IgE levels and peripheral blood eosinophil
counts were measured using standard laboratory methods.
Metabolic control level was assessed using glycosylated
hemoglobin (HbA1c) levels.

Aquestionnairerelatedtoatopyassessmentwasadministered
to the children or their parents. The questionnaire was
adapted from the Turkish version of the International Study
of Asthma and Allergies in Childhood [19],

The study was conducted in accordance with the
Declaration of Helsinki and approved by the HasekiTraining
and Research Hospital ethics committee (Approval No: 24,
date: July 08, 2013). Informed consent was obtained from
the participants’ parents.

Statistical Analysis

Data were analyzed using the Statistical Package for the
Social Sciences software version 23. Continuous variables
areexpressed as mean + standard deviation, and categorical
variables are expressed as numbers and percentages. Group
comparisons were performed using the Mann-Whitney U
test and Chi-square test, with Monte Carlo simulation when

Table 2. HbA1c levels and duration of diabetes in patients with

T1DM
Parameter T1DM (n=30)
HbA1c (%) (mean+SD, min-max) 9.94+2.28 (6.1-14.9)
Duration of diabetes (years, mean+SD) 2.96+2.63
Duration of diabetes, n (%)

Newly diagnosed 11 (36.7)

<1year 2(6.7)

1-2 years 7 (23.3)

3-4 years 6 (20.0)

>4 years 4(13.3)

Data are presented as mean+SD (min-max) or n (%). SD: Standard deviation;
T1DM: Type 1 diabetes mellitus; HbA1c: Glycosylated hemoglobin.

T1DM (n=30) Control (n=100) P
Gender, n (%)
Female 14 (46.7) 55 (55.0) 0.422
Male 16 (53.3) 45 (45.0)
Age (years), 12.6+3.54 (6-18) 11.34+£3.18 (6-18) 0.059

meanzSD (range)

Data are presented as mean=SD or n (%). Continuous variables were compared
using the t-test or Mann-Whitney U test, and categorical variables using the
Chi-square test. P<0.05 was considered statistically significant. SD: Standard
deviation; TIDM: Type 1 diabetes mellitus.

Table 3. Comparison of the groups by eosinophil count and serum
total IgE levels

T1DM (n=30) Control (n=100) P
Total IgE (IU/mL) 310.94+£618.43 192.96+406.76 0.577
Eosinophils (%) 2.47+1.38 3.46%+2.50 0.062

Data are presented as mean+SD. Group comparisons were performed using the
t-test or Mann-Whitney U test. P<0.05 was considered statistically significant.
SD: Standard deviation; T1IDM: Type 1 diabetes mellitus.
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Table 4. Evaluation of asthma-related questions by groups

Questions T1DM Control p
(n=30) (%)  (n=100) (%)

1. Has your child ever experienced wheezing or a whistling sound while breathing?

Yes 8(26.6) 22 (22) 0.595
No 22(73.4) 78 (78)

2. Over the past year, has your child experienced breathing with a wheezing or whistling sound?
Yes 1(3.3) 11(11) 0.294
No 29 (96.7) 89 (89)

3. How many episodes of wheezing has your child experienced during the past 12 months?

Never 28(93.33) 89 (89) 1.000
1-3 episodes 2 (6.67) 9(9)
4-12 episodes 0(0.00) 2(2)

4. Has a doctor ever diagnosed your child with asthma/allergic bronchitis?
Yes 6 (20) 11(11) 0.222
No 24 (80) 89 (89)

5.In the past 12 months, has your child had wheezing during or after exercise?
Yes 1(3.33) 3(3) 1.000
No 29 (96.66) 97 (97)

6. Has your child ever used asthma medication?
Yes 5(16.6) 11(11) 0.526
No 25(83.4) 89 (89)

7. Lifetime frequency of bronchitis?
Never 23 (76.67) 84 (84) 0.451
1-3 episodes 3(10.00) 5(5)
4-12 episodes 4(13.33) 11(11)

Data are presented as n (%). Categorical variables were compared using the Chi-square test with Monte Carlo simulation when appropriate. P<0.05 was considered
statistically significant. TIDM: Type 1 diabetes mellitus.

Table 5. Evaluation of allergic rhinitis-related questions by groups

Questions T1DM Control p
(n=30) (%) (n=100) (%)

1. Has your child had sneezing, runny nose, or nasal congestion when not having a cold or flu?
Yes 5(16.67) 20 (20) 0.685
No 25(83.4) 80 (80)

2. In the past 12 months, has your child had sneezing, runny nose, or nasal congestion when not
having a cold or flu?

Yes 4(13.3) 14 (14) 1.000
No 26 (86.7) 86 (86)

3.In the past 12 months, did itchy, watery, and red eyes accompany nasal problems?
Yes 1(3.33) 5(5) 1.000
No 29 (96.7) 95 (95)

4. Has a doctor ever diagnosed your child with allergic rhinitis?
Yes 2(6.6) 8(8) 1.000
No 28 (93.4) 92 (92)

5. Has your child ever used a nasal spray for a long period of time?
Yes 1(3.3) 3(3) 1.000
No 29 (96.7) 97 (97)

Data are presented as n (%). Categorical variables were compared using the Chi-square test with Monte Carlo simulation when appropriate. P<0.05 was considered
statistically significant. TIDM: Type 1 diabetes mellitus.
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Table 6. Evaluation of atopic dermatitis-related questions by groups
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Questions

T1DM
(n=30) (%)

Control P
(n=100) (%)

1. Has your child ever had an itchy rash lasting at least 6 months?

Yes 2 (6.6) 3(3) 0.326
No 28 (93.4) 97 (97)

2. In the past 12 months, has your child had such a persistent itchy rash?
Yes 2 (6.6) 1(1) 0.133
No 28 (93.4) 99 (99)

3. Has your child ever had such rashes on elbows, behind knees, ankles, buttocks, neck, around

eyes or ears?
Yes 1(3.33) 1(1) 0.410
No 29 (96.6) 99 (99)

4. Has your child ever been diagnosed with eczema by a doctor?
Yes 2(6.6) 3(3) 0.326
No 28 (93.4) 97 (97)

Data are presented as n (%). Categorical variables were compared using the Chi-square test with Monte Carlo simulation when appropriate. P<0.05 was considered

statistically significant. TIDM: Type 1 diabetes mellitus.

appropriate. Correlations were assessed using Spearman’s
test, and a p<0.05 was considered statistically significant.

Results

The male-to-female ratio was 16:14 in the diabetic group
and 45:55 in the control group. The mean age was 12.6+3.54
years (range: 5-18) in the diabetic group and 11.34+3.18
years (range: 6-18) in the control group. No statistically
significant differences in age or sex were observed between
the two groups. The findings are presented in Table 1.

The mean HbA1c level in 30 patients with TIDM was
9.94+2.28% (range: 6.1-14.9). In terms of duration of
diabetes, 36.7% of patients were newly diagnosed, 6.7%
had the disease for <1 year, 23.3% for 1-2 years, 20 % for 3-4
years, and 13.3% for more than 4 years. The mean duration
of diabetes among patients was 2.96+2.63 years (Table 2).

As demonstrated in Table 3, total IgE levels and eosinophil
counts were comparable between the groups, with no
statistically significant differences (p=0.577 and p=0.062,
respectively). In addition, as presented in Tables 4-6, no
significant differences were observed between the groups
in responses to atopy-related questionnaire items (p>0.05).

Discussion

TIDM is a chronic autoimmune condition where T cells
are responsible for the destruction of insulin-producing
pancreatic beta cells. CD4+ and CD8+ T lymphocytes,
along with B cells and macrophages, have key roles in this
immune-mediated process ', Th2-dominant immune
responses are primarily responsible for atopic condition

pathogenesis. Conversely, Th1 cells play a pivotal role in
initiating and maintaining autoimmune inflammation. The
interaction betweenthesetwoimmune pathwaysisthought
to be mutually balancing. The balance between Th1 and
Th2 subsets is crucial for maintaining immune homeostasis,
and its disruption can influence the pathogenesis of both
atopic and autoimmune diseases [12/131,

Numerous studies examining the relationship between
TIDM and atopy have yielded heterogeneous and
inconsistent results. While some studies report an inverse
relationship between TIDM and atopic symptoms in
children 5], others suggest that atopic diseases may
be associated with autoimmune diseases and that
common immunological mechanisms may play a role
(14151 Furthermore, it is suggested that atopic responses
developing early in life may affect immune regulation and
may be associated with autoimmune processes [16],

In our study, no significant relationship was found between
T1DM and atopic symptoms. This finding is consistent with
thevariable results reportedin the literature. Meta-analyses
and large cohort studies also support this variability
[17-191 It is thought that the differences between studies
may be due to variables such as age groups, genetic
characteristics, environmental exposures, socioeconomic
status, passive smoking exposure, and pet ownership
[2021] " Fyrthermore, the complexity of immunological
mechanisms and differences in gut microbiota may also
contribute to this discrepancy [2223],

Some studies have reported that allergic diseases,
particularly respiratory and skin diseases, may occur at a
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higherratein children with type 1 diabetes and that this may
be accompanied by increased serum total IgE, eosinophil,
and certain Th2 cytokine levels. However, the underlying
mechanisms of this relationship are not clear; limited data
suggest that cytokines such as IL-5 may play a role in the
development of IgE-mediated responses [24-26], The lack
of significant differences between groups in our study can
be explained by methodological heterogeneity between
studies, differences in the definition and measurement of
atopy, and variability in IgE and eosinophil levels depending
on the active phases of the disease. Furthermore, the
fact that atopic diseases are not limited to IgE-mediated
mechanisms may mean that these biomarkers may not
always reflect clinical atopy.

Recent studies have shown that beyond the Th1/Th2
paradigm, various T cell subgroups such as Treg, Th17,
and follicular T helper (Tfh) cells play a significant role in
regulating the immune response [27:28], The balance and
interactions between these cellular subgroups are critical
in maintaining immune homeostasis, and disruption of
this balance is thought to play a role in the pathogenesis
of both autoimmune and atopic diseases [2930] |t has
been shown that disruption of the Treg/Th17 balance
can trigger autoimmune processes by increasing the
inflammatory response, and that in atopic diseases, not
only the Th2 response but also other T cell subgroups play
a role 19311 Fyrthermore, the regulatory effects of Tfh
cells on B cell responses support the existence of common
immune mechanisms between autoimmunity and atopic
diseases [2832] These findings suggest that the relationship
between TIDM and atopic diseases should be evaluated
within a broader framework of immune regulation, beyond
the classical Th1/Th2 paradigm.

In addition, demographic characteristics of the study
populations, environmental exposures, and disease-
specific factors such as duration of diabetes and level
of metabolic control may have influenced the immune
response, leading to different outcomes. It is particularly
suggested that poor metabolic control can modulate the
immune system by increasing the chronic inflammatory
response, which may affect the direction and intensity
of the relationship between atopic and autoimmune
processes [33:34],

Consistent with this, metabolic control was relatively poor
in patients with T1DM included in our study (mean HbA1c:
9.94+2.28), and disease duration showed a heterogeneous
distribution. The fact that a significant proportion of
the cases was newly diagnosed or in the early stage of
diabetes may have led to the immune response being in a
dynamic state. Given the effects of disease-specific factors
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such as the duration of diabetes and the level of metabolic
control on the immune system, it is thought that these
variables may have made it difficult to establish a link
between atopic findings and autoimmunity. This may
partly explain why we did not find significant evidence of
this relationship in our study.

Limitations

Our study may have certain limitations due to its relatively
small sample size and single-center design. In addition,
regular healthcare follow-ups of children with TIDM may
have led to earlier recognition of atopic diseases in this
group, potentially influencing the observed prevalence rates.

Conclusion

Our findings suggest that there is no significant and
directional association betweenT1DMand atopicdiseases
in children and that this relationship has a multifactorial
structure. The heterogeneous findings reported in
the literature support the idea that this relationship is
too complex and multifactorial to be explained by a
single immunological mechanism. This study, based
on real-world data, contributes to the evaluation of
this relationship. It is anticipated that prospective
and standardized studies with larger sample sizes,
including parameters such as immunological markers,
environmental factors, and microbiota, in addition to
cytokine networks and genetic predispositions, will allow
for a better understanding of this issue.
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Score in Predicting Fulminant Course in Pediatric Acute
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Abstract

Introduction: Myocarditis is an important cause of morbidity and mortality in children. This study aimed to evaluate whether
the hemoglobin, albumin, lymphocyte, and platelet (HALP) score, a recently proposed systemic inflammatory index, can
serve as an early predictor of adverse outcomes in pediatric myocarditis.

Methods: This retrospective study included patients aged >1 month and <18 years who were followed in our clinic between
January 1, 2022, and March 1, 2025. Patients were classified as having fulminant myocarditis (requiring inotropic support or
extracorporeal membrane oxygenation) or non-fulminant myocarditis. HALP scores measured within the first 6 h of admis-
sion were compared between groups.

Results: A total of 155 children (109 boys; median age 12 years) were included, of whom 38 (24.5%) had fulminant myocardi-
tis. Fulminant cases showed significantly lower left ventricular ejection fraction (LVEF) (median 29%, interquartile range [IQR]
24-37) compared with non-fulminant patients (53%, IQR 45-60; p<0.001). N-terminal pro-brain natriuretic peptide levels
were markedly higher in the fulminant group (35,596 pg/mL, IQR 18,166-55,419) than in the non-fulminant group (288 pg/
mL, IQR 96-1,458; p<0.001). The HALP score was significantly lower in fulminant myocarditis (2.91, IQR 2.18-3.60) compared
with non-fulminant cases (5.62, IQR 4.44-7.11; p<0.001). In receiver operating characteristic analysis, HALP demonstrated
excellent discrimination for fulminant myocarditis (area under the curve 0.926; 95% confidence interval 0.874-0.972), with
an optimal cut-off of <3.78 (sensitivity 85%, specificity 90%).

Discussion and Conclusion: Lower HALP scores and reduced LVEF were independent predictors of fulminant myocarditis.
HALP an easily calculated biomarker derived from routine laboratory parameters, may support early identification of children
at risk for a fulminant course.

Keywords: Albumin, lymphocyte and platelet score; biomarker; hemoglobin; myocarditis; pediatric.

Myocarditisisaninﬂammatorydiseaseofthe myocardium  myocarditis remains an important cause of morbidity and
that may arise from infectious or noninfectious mortality, with clinical presentations ranging from mild,
causes, with viruses being the most common etiologic non-specific symptoms to arrhythmias, cardiogenic shock,
agents 1. Although it is relatively uncommon in children, and sudden cardiac death 2], The reported incidence of
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clinically diagnosed myocarditis in children is approximately
1-2/100,000 B, though this may underestimate the true
frequency, as subclinical cases often remain undetected. In
some patients, the disease can rapidly progress to a fulminant
form characterized by severe heart failure, circulatory
collapse, and the need for inotropic support or extracorporeal
membrane oxygenation (ECMO) [24l, Early recognition of
patients at risk for this fulminant course is therefore essential
for timely management and improved outcomes [2],

Although histopathological and clinicopathological
diagnostic criteria have been established, there remains a
need for simple, reproducible, and reliable biomarkers to
predict the clinical course of myocarditis. In recent years,
composite hematologic indices derived from routine
laboratory parameters have emerged as promising
indicators of systemic inflammation and immune status.
Among these, the hemoglobin, albumin, lymphocyte, and
platelet (HALP) score, a novel parameter reflecting both
inflammatory and nutritional status, has demonstrated
prognosticvalueinseveral cardiovascularandinflammatory
diseases 71, The components of the HALP score reflect
different physiological domains relevant to inflammatory
and cardiovascular processes. Hemoglobin levels may
decline in the presence of sustained systemic inflammation;
albumin serves as an indicator of both nutritional status
and inflammatory activity; lymphocyte count represents
the integrity of the adaptive immune response; and platelet
count increases in association with inflammatory and pro-
thrombotic stimulation 891, Evaluating these parameters
in a single composite index allows a more integrated
assessment of the patient’s inflammatory and nutritional
state than any individual marker alone.

While the prognostic utility of the HALP score has been
reported in adults with heart failure, coronary artery disease,
and acute myocardial infarction 7819 its role in myocarditis,
particularly in the pediatric population, remains largely
unexplored. Considering the pathophysiologic overlap
between inflammatory response and myocardial injury, the
HALP score may provide valuable insightinto disease severity
and early risk stratification in children with myocarditis.

Therefore, this study aimed to evaluate the prognostic
value of the HALP score as an early predictors of adverse
outcomes in pediatric patients diagnosed with myocarditis.

Materials and Methods

This retrospective single-center study included pediatric
patients who were diagnosed with acute myocarditis and
followed in our clinic between January 1, 2022, and March 1,
2025. Patients aged 1 month or older and younger than 18
years were eligible for inclusion. Myocarditis was diagnosed

basedonclinicalassessmenttogetherwith cardiacbiomarker
elevation, electrocardiogram (ECG), and echocardiographic
abnormalities, and supportive cardiac magnetic resonance
imaging findings, following current consensus criteria [4],
Ethical approval was obtained from the Ethics Committee of
University of Health Sciences, Istanbul Cam and Sakura City
Hospital (approval no: 2025/080, date: March 02, 2025). The
study was conducted in accordance with the principles of
the Declaration of Helsinki.

Patients were classified into two groups based on disease
severity. Fulminant myocarditis was defined as an abrupt
and rapidly progressing presentation characterized by
severe ventricular dysfunction, hemodynamic instability
consistent with cardiogenic shock, or life-threatening
arrhythmias, necessitating inotropic therapy or mechanical
circulatory support 1. Inotropic support and ECMO were
considered together as indicators of fulminant myocarditis,
as both reflect advanced hemodynamic compromise and
severe myocardial dysfunction requiring urgent circulatory
support. ECMO was reserved for patients with refractory
cardiogenic shock who failed to achieve hemodynamic
stabilization despite high-dose inotropic support. Patients
who did not meet these criteria were categorized as having
non-fulminant myocarditis.

Clinical, laboratory, and imaging data were obtained from
electronic medical records. Demographic characteristics,
presenting symptoms, vital signs, cardiac biomarker levels,
complete blood count parameters, and echocardiographic
results were reviewed. Laboratory values used for the
calculation of the HALP score were recorded from the
first blood sample obtained within 6 h of admission.
Patients with congenital heart disease, chronic systemic
illness, autoimmune or hematologic disorders, known
nutritional deficiencies, or prior albumin infusion were
excluded. Cases with missing laboratory parameters
required for HALP computation were also excluded (Fig.
1). The HALP score was calculated using the formula
(HemoglobinxAlbuminxLymphocyte count)/Platelet
count. Supportive and immunomodulatory therapies,
includingintravenousimmunoglobulinand corticosteroids,
were administered after initial laboratory assessment
based on clinical severity and physician judgment and
were therefore not included as variables in the analysis.

Statistical Analysis

All statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics for Windows,
Version 23.0 (IBM Corp., Armonk, NY, USA). The distribution
of continuous variables was assessed using the Shapiro-
Wilk test. As most parameters did not show normal
distribution, continuous data were expressed as median
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Figure 1. Study flow chart. This figure illustrates the process and se-
quence of patient selection, inclusion and exclusion criteria used in
this study.

and interquartile range (IQR) and compared using the
Mann-Whitney U test. Categorical variables were analyzed
using the Pearson Chi-square test or Fisher’s exact test, as
appropriate, depending on expected cell counts. A two-
tailed p-value <0.05 was considered statistically significant.

Because N-terminal pro-brain natriuretic peptide (NT-
proBNP) values showed a highly skewed distribution,
both raw and log-transformed values were examined.
Log transformation did not improve model performance;
therefore, the final analyses were conducted using raw NT-
proBNP values scaled per 1000 pg/mL.

The diagnostic performance of left ventricular ejection
fraction (LVEF), NT-proBNP, and HALP score in predicting
fulminant myocarditis was evaluated using receiver
operating characteristic (ROC) curve analysis. The area
under the curve (AUC) and 95% confidence intervals (Cl)
were calculated, and optimal thresholds were determined
using the Youden index.

To identify independent predictors of fulminant myocarditis,
binary logistic regression analysis was performed. Variables
with p<0.10 in univariable analysis and without evidence
of multicollinearity were included in the multivariable
regression model. NT-proBNP values were scaled per 1000

ROC Curves: HALP vs EF vs NT-proBNP
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Figure 2. Receiver operating characteristic curves for left ventricle
ejection fraction, N-terminal pro-brain natriuretic peptide, and he-
moglobin, albumin, lymphocyte, platelet score in predicting fulmi-
nant myocarditis.

ROC: Receiver operating characteristic; HALP: Hemoglobin, albumin, lympho-
cyte, and platelet; EF: Ejection fraction; proBNP: pro-brain natriuretic peptide.

pg/mL for better interpretability. Results were reported as
odds ratios (OR) and adjusted ORs (aORs) with 95% Cl. Overall
model fit and explanatory performance were assessed using
the Omnibus test of model coefficients and Nagelkerke R2.

Results

A total of 155 pediatric patients were included in the study,
of whom 38 (24.5%) were classified as having fulminant
myocarditis and 117 (75.5%) as non-fulminant myocarditis.
The median age was significantly lower in the fulminant
group than in the non-fulminant group (2.7 years [IQR: 1.7-
4.5] vs. 15.0 years [IQR: 8.2-16.9], p<0.001). The distribution
of sex differed significantly between the groups, with a
higher proportion of males in the non-fulminant cohort
(78% vs. 47%, p<0.001) (Table 1).

Chest pain was more frequently observed in non-fulminant
patients (78% vs. 8%, p<0.001), whereas dyspnea (66% vs.
19%, p<0.001) and abdominal pain (47% vs. 16%, p<0.001)
were markedly more common in the fulminant group.
Fever, palpitations, and upper respiratory tract symptoms
did not differ significantly. Fulminant patients exhibited
substantially more severe clinical courses, reflected by
higher rates of pediatricintensive care unit (PICU) admission
(100% vs. 5%, p<0.001), inotropic support (100% vs. 19%,
<0.001), ECMO requirement (23.6% vs. 0%, p<0.001), and
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Table 1. Comparison of baseline demographic, clinical, echocardiographic, and laboratory parameters between children with fulminant
and non-fulminant myocarditis. Continuous variables were compared using the Mann-Whitney U test. Categorical variables were
compared using the Pearson Chi-square test or Fisher’s exact test, as appropriate

Variables Fulminant (n=38) Non-fulminant (n=117) P
Demographic data and symptoms
Age (years) median (IQR) 2.7 (1.7-4.5) 15.0 (8.2-16.9) <0.001
Gender (n [%])
Male 18 (47) 91 (78) <0.001
Female 20 (53) 26 (22)
Symptoms (n [%])
Chest pain 3(8) 91 (78) <0.001
Fever 10 (26) 20(17) 0.311
Palpitation 6(16) 14 (12) 0.740
Shortness of breath 25 (66) 22 (19) <0.001
Abdominal pain 18 (47) 19(16) <0.001
URTI 17 (45) 35(30) 0.138
Laboratory factors (median [IQR])
Basal Troponin | (ng/mL) 132.0 (68.7-164.8) 244.0 (92.9-420.0) <0.001
Peak Troponin | (ng/mL) 162.5 (96.9-223.0) 297.0 (122.0-707.0) 0.007
NT-proBNP (pg/mL) 35596 (18166-55419) 288 (96-1458) <0.001
CRP (mg/L) 14.8 (4.7-55.9) 22.1 (4.5-50.3) 0.860
Procalcitonin (ng/mL) 0.15(0.07-0.84) 0.07 (0.04-0.12) <0.001
WBC (x10%/L) 12.1(9.4-16.6) 9.6 (7.5-11.6) <0.001
ANC (x10%/L) 7.0 (5.3-10.4) 5.0 (3.5-7.2) <0.001
ALC (x109/L) 3.2(2.7-3.6) 2.6 (1.8-3.8) 0.047
Platelet (x109/L) 394 (349-466) 262 (213-324) <0.001
Hemoglobin (g/dL) 10.6 (10.0-11.4) 13.6 (11.9-14.9) <0.001
ALT 26 (18-45) 20 (15-30) 0.004
AST 41 (30-71) 35 (29-57) 0.272
LDH 381 (308-462) 280 (227-357) <0.001
Albumin (g/L) 33(31-37) 44 (42-47) <0.001
NLR 1.81 (1.0-2.6) 1.87 (1.1-3.32) 0.500
PLR 78.2 (50.6-120.1) 103.1 (76.4-129.6) 0.029
HALP score 2.91 (2.18-3.60) 5.62 (4.44-7.11) <0.001
Pathogens identified in patients (n [%)])
Adenovirls 3(7.9) 5(4.3)
Enterovirtis/Rhinovirus 6(15.8) 19(16.2)
Parainfluenza viruses 4(10.5) 3(2.6)
Sars-Cov-2 2(5.3) 6(5.1)
Other coronaviruses 1(2.6) 5(4.3)
Influenza A-B 1(2.6) 3(2.6)
Others 4(10.5) 4(3.4)
Clinical data
ECMO (n [%]) 9(23.6) 0 <0.001
In hospital mortality (n [%]) 5(13.1) 0 <0.001
Inotrope use, n (%) 38(100) 22 (19) <0.001
PICU admission, n (%) 38(100) 6 (5) <0.001
PICU stay (days) (median [IQRI) 4.0 (3.0-7.0) 2.0 (2.0-2.0) 0.022
Hospital LOS (days) (median [IQRI) 22.0 (16.0-28.0) 6.0 (4.0-9.0) <0.001
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Table 1. Cont.

Variables

Fulminant (n=38)

Echocardiographic variables
LVEF (%)(median [IQR])
Mitral regurgitation (n [%])

Mild 4(10.5)
Mild-to-moderate 6(15.8)
Moderate 10 (26.3)
Moderate to severe 12(31.6)
Severe 6(15.8)
Pericardial effusion, (n [%]) 11 (28.9)
ECG variables (n [%)])
No findings -
Sinus tachycardia 19 (50)
ST elevation 12(31.6)
ST depression 4(10.5)
Ventricular extrasystoles 13 (34.2)

29.0 (24.0-37.0)

Non-fulminant (n=117) P
53.0 (45.0-60.0) <0.001
<0.001
10 (8.5)
3(2.6)
2(1.7)
12(10.3) 0.011
<0.001
29 (24.8)
20(17.1)
16 (13.7)
9(7.7)
3(2.6)

URTI: Upper respiratory tract infection; NT-proBNP: N-terminal pro-brain natriuretic peptide; CRP: C-reactive protein; WBC: White blood cell count; ANC: Absolute
neutrophil count; ALC: Absolute lymphocyte count; ALT: Alanine transaminase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase; NLR: Neutrophil-to-lym-
phocyte ratio; PLR: Platelet-to-lymphocyte ratio; HALP: Hemoglobin, albumin, lymphocyte, platelet; ECMO: Extracorporeal membrane oxygenation; PICU: Pediatric
intensive care unit; LOS: Length of stay; LVEF: Left ventricle ejection fraction; ECG: Electrocardiogram.

Table 2. AUC, optimal cut-off values, and diagnostic accuracy of parameters associated with fulminant myocarditis

Parameters AUC Cut-off Sensitivity (%) Specificity (%) %95 CI p

LVEF (%) 0.875 <44 77 0.805-0.933 <0.001
NT-proBNP (pg/mL) 0.947 >3677 80 0.908-0.977 <0.001
HALP score 0.926 <3.78 90 0.874-0.972 <0.001

LVEF: Left ventricle ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide; HALP: Hemoglobin, albumin, lymphocyte, platelet; AUC: Area under the

curve; Cl: Confidence interval.

Table 3. Univariate and multivariate logistic regression analyses identifying predictors of fulminant myocarditis

Characteristics Univariable analysis Multivariable analysis

OR (95%(Cl) P aOR (95% CI) p
LVEF (%) 0.896 (0.862-0.931) <0.001 0.881 (0.800-0.971) 0.011
NT-proBNP (per 1000 pg/mL) 1.253 (1.129-1.391) <0.001 1.102 (0.995-1.221) 0.063
HALP score 0.167 (0.081-0.345) <0.001 0.140 (0.048-0.411) <0.001

LVEF: Left ventricle ejection fraction; NT-proBNP: N-terminal pro-brain natriuretic peptide; HALP: Hemoglobin, albumin, lymphocyte, platelet; Cl: Confidence interval;

aOR: Adjusted odds ratios.

in-hospital mortality (13.1% vs. 0%, p<0.001). The duration
of hospitalization was also significantly longer in fulminant
myocarditis (22 days vs. 6 days, p<0.001) (Table 1).

Regarding laboratory findings, fulminant patients
demonstrated significantly higher white blood cell
count, absolute neutrophil count, procalcitonin, lactate
dehydrogenase, and alanine transaminase levels (all
p<0.05), whereas C-reactive protein levels did not differ
significantly between groups. Basal and peak troponin
levels were higher in the non-fulminant group. Peak NT-

proBNP concentrations were profoundly elevated in
fulminant myocarditis (35,596 pg/mL [18,166-55,419])
compared with non-fulminant cases (288 pg/mL [96-1,458],
p<0.001). Platelet counts were higher in the fulminant
group (394 [349-466] vs. 262 [213-324], p<0.001), whereas
hemoglobin (10.6 [10.0-11.4] vs. 13.6 [11.9-14.9], p<0.001)
and serum albumin levels (33 [31-37] vs. 44 [42-47],
p<0.001) were significantly lower. Consequently, the HALP
score was markedly reduced in fulminant myocarditis (2.91
[2.18-3.60] vs. 5.62 [4.44-7.11], p<0.001) (Table 1).
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Left ventricular systolic function was severely impaired
among fulminant patients, with a median LVEF of 29% (IQR:
24-37) compared with 53% (45-60) in the non-fulminant
group (p<0.001). Moderate-to-severe mitral regurgitation
and pericardial effusion were significantly more prevalent
in fulminant cases, and ECG abnormalities, including sinus
tachycardia, ST-segment elevation, and ventricular ectopy,
were more frequently identified (all p<0.001) (Table 1).

ROC curve analysis revealed excellent discriminatory
performance for all three parameters in predicting
fulminant myocarditis (Fig. 2). The AUC values were 0.875
for LVEF (cut-off <44%, sensitivity 94%, specificity 77%),
0.947 for NT-proBNP (cut-off >3,677 pg/mL, sensitivity 97%,
specificity 80%), and 0.926 for the HALP score (cut-off <3.78,
sensitivity 85%, specificity 90%) (all p<0.001) (Table 2).

In multivariate logistic regression analysis, both decreased
LVEF (aOR 0.881, p=0.011) and lower HALP score (aOR
0.140, p<0.001) emerged as independent predictors of
fulminant myocarditis, whereas NT-proBNP demonstrated
a borderline association (aOR 1.102, p=0.063) (Table
3). The multivariate model was statistically significant
overall (Omnibus test, p<0.001) and demonstrated good
explanatory performance (Nagelkerke R2=0.62).

Discussion

Acute myocarditisin children presents with a highly variable
clinical course, ranging from mild, self-limited symptoms to
rapidly progressive cardiogenic shock requiring aggressive
hemodynamic support ['2], Identifying early markers that
can reliably distinguish fulminant myocarditis remains
a clinical priority, as timely escalation of care improves
survival in this population (24,

Consistent with previous pediatric myocarditis studies,
children with fulminant myocarditis in our cohort were
significantly younger and exhibited more severe left
ventricular systolic dysfunction at presentation [24],
Prior reports similarly describe that fulminant cases
demonstrate a heightened inflammatory response and
are more likely to require aggressive hemodynamic
support, including inotropic therapy and prolonged PICU
admission 3111, Furthermore, fulminant myocarditis has
been strongly associated with increased use of ECMO
and higher in-hospital mortality in several pediatric
cohorts 12131 Our findings align with these observations
and reinforce the concept that fulminant myocarditis
represents a distinct clinical phenotype characterized
by rapidly progressive myocardial dysfunction, marked
systemic inflammation, and a significantly greater burden
of critical care interventions. These findings highlight the
disproportionately severe myocardial inflammation and

immune-mediated myocardial injury observed in fulminant
cases, where diffuses interstitial edema, cytokine-driven
myocardial dysfunction, and impaired cellular energetics
lead to rapid hemodynamic collapse [2:14.15],

One of the most noteworthy findings of this study is the
strong association between lower HALP scores and the
presence of fulminant myocarditis. The HALP score -
originally developed as a prognostic tool in oncology - has
gained interest in a range of cardiovascular conditions,
including acute heart failure, myocardial infarction, and
acute myocarditis P19, By integrating hemoglobin,
albumin, lymphocyte count, and platelet count, HALP
synthesizes several dimensions of physiological stress,
including nutritional status, systemicinflammation,immune
competence, and thrombocytic activation. In our cohort,
children with fulminant myocarditis had significantly lower
hemoglobin, albumin, and lymphocyte counts, together
with elevated plateletlevels, all contributing to substantially
reduced HALP scores. These hematologic alterations reflect
the intense systemic inflammatory response, endothelial
dysfunction, and metabolic imbalance that characterize
fulminant myocarditis [14/13],

Our study is among the first pediatric investigations to
evaluate HALP as a predictor of fulminant myocarditis.
The HALP score demonstrated excellent diagnostic
performance, with an AUC of 0.926, surpassing or
equaling many established inflammatory indices. Notably,
HALP remained a significant independent predictor of
fulminant myocarditis after adjustment for LVEF and NT-
proBNP, which emphasizes its ability to capture systemic
factors that are not fully explained by cardiac-specific
biomarkers. Previous studies in cardiac failure and
coronary syndromes have shown similar findings, where
HALP correlated strongly with short-term and long-term
adverse outcomes [6-19], Given its reliance on universally
available laboratory data, HALP may offer a significant
advantage for early triage in centers with limited resources
or during the initial hours of presentation when advanced
diagnostics have not yet been performed.

NT-proBNP, as expected, was markedly elevated in children
with fulminant myocarditis and demonstrated excellent
diagnostic accuracy in distinguishing fulminant from
non-fulminant presentations in our cohort (AUC 0.95). NT-
proBNP is a sensitive indicator of ventricular wall stress,
and numerous pediatric and adult studies have shown
that higher natriuretic peptide levels are associated with
more severe hemodynamic compromise and an increased
likelihood of adverse outcomes [2:16-18], Despite this strong
univariable relationship, NT-proBNP did not retain statistical
significance in the multivariate analysis. This likely reflects
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its close relationship with left ventricular systolic function,
which was already accounted for in the model.

The clinical course observed in our fulminant cohort,
characterized by high rates of inotropic therapy, PICU
admission, ECMO utilization, and mortality, aligns with
previous pediatric myocarditis series. In earlier reports
of children with acute fulminant myocarditis requiring
ECMO, in-hospital survival ranged from approximately 63—
75%, and many survivors demonstrated full recovery of
ventricular function during follow-up [19-21 Accordingly,
timely recognition of the fulminant course and prompt
initiation of mechanical circulatory support remains
crucial in optimizing outcomes.

The physiologic basis for the association between low
HALP scores and disease severity is likely multifactorial.
Hypoalbuminemia in acute inflammatory states primarily
reflects cytokine-mediated increases in capillary
permeability, expansion of the interstitial distribution
volume, and a shortened intravascular half-life of albumin
[22,23] | ymphopeniais a well-recognized marker ofimmune
dysfunction in viral infections, including myocarditis,
and reflects lymphocyte apoptosis, redistribution, or
functional exhaustion [24-26] Elevated platelet counts may
reflect reactive thrombocytosis secondary to systemic
inflammatory signaling, with implications for microvascular
dysfunction andtissueinjury 27281 Hemoglobin reductions
may arise from hemodilution, inflammation-mediated
suppression of erythropoiesis, or chronic nutritional
deficiencies [29]. Together, these alterations provide a
broad window into the systemic physiology of children
presenting with severe myocarditis. HALP’s ability to
combine these parameters into a single score may explain
its strong association with fulminant disease.

Limitations

Although our study provides valuable insight, several
limitations warrant consideration. This is a single-center
retrospective cohort, which may limit generalizability.
Laboratory parameters were assessed only at admission, and
dynamic changes over time were not evaluated; serial trends
in inflammatory and cardiac biomarkers may offer additional
prognostic value, but this could not be assessed within our
study design. Furthermore, although HALP shows promise as
aprognostictool, its optimal cut-off values and its place within
broader risk-stratification algorithms require validation in
larger prospective cohorts. In addition, the optimal HALP cut-
off was derived using the Youden index, and its sensitivity
and specificity were estimated in the same cohort without
internal validation (e.g., bootstrapping or cross-validation);
therefore, the reported diagnostic performance reflects
apparent performance and may be optimistic.

Conclusion

Decreased LVEF and low HALP scores were identified
as independent predictors of fulminant myocarditis in
this pediatric population. The HALP score, derived from
simple and readily available laboratory parameters,
offers an accessible and inexpensive adjunct to current
diagnostic approaches. Its strong discriminatory ability and
independent prognostic value make it a promising marker
for early identification of children at risk for a fulminant
course. Future multicenter prospective studies should
further evaluate the potential of HALP and other systemic
inflammatory indices to guide early risk stratification,
improve outcomes, and determine whether HALP can
contribute to early triage protocols in emergency and
pediatric cardiology settings.
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Temporal Trends and Microbial Distribution of Catheter-
Related Bloodstream Infections in Intensive Care Units:
An 11-Year Single-Center Study

Bahadir Orkun Ozbay
Department of Infectious Diseases and Clinical Microbiology, Ministry of Health, Tokat State Hospital, Tokat, Tiirkiye

Abstract

Introduction: Catheter-related bloodstream infections (CRBSIs) remain a major cause of morbidity and mortality in inten-
sive care units (ICUs), despite advances in infection control practices. Monitoring long-term trends in infection rates and
pathogen distribution is essential for evaluating the effectiveness of preventive strategies and guiding empirical treatment.
The present study aimed to evaluate temporal trends in CRBSI incidence and changes in the distribution of causative micro-
organisms in an ICU over an 11-year period (2015-2025).

Methods: This retrospective, single-center study was conducted in the ICUs of Tokat State Hospital, Turkiye, between Jan-
uary 1,2015,and December 31, 2025. CRBSI rates were calculated as the number of infections per 1,000 catheter-days using
aggregated annual surveillance data. Temporal trends in infection rates and microbial distribution were analyzed using
joinpoint regression, and annual percent change (APC) values were calculated.

Results: Over the 11-year study period, CRBSI rates demonstrated a statistically significant decreasing trend, with an overall
APC of —=21.81% (p<0.05). Klebsiella pneumoniae showed a significant decrease during 2015-2017 (APC: —47.83%, p<0.001),
followed by an increase during 2017-2022 (APC: +25.01%, p<0.001) and a subsequent decrease during 2022-2025 (APC:
—34.21%, p<0.001). Acinetobacter baumanniiincreased significantly during 2015-2020 (APC: +21.20%, p<0.001) and decreased
during 2020-2025 (APC: —31.34%, p<0.001). Candida spp. demonstrated a marked increase during 2015-2021 (APC: +46.10%,
p<0.001), followed by a non-significant trend thereafter (APC: —2.50%, p=0.570). Other pathogens, including Pseudomonas
aeruginosa, Escherichia coli, Staphylococcus aureus, and enterococci, showed no statistically significant temporal changes.
Discussion and Conclusion: CRBSI rates significantly decreased over the study period, reflecting improvements in infection
control practices. However, pathogen-specific trends revealed dynamic and heterogeneous patterns, particularly among
Gram-negative bacteria and Candida spp. Continuous surveillance and adaptive infection control strategies are essential to
sustain reductions in infection rates and to address evolving microbial patterns.

Keywords: Catheter-related bloodstream infection; intensive care unit; microorganism distribution; temporal trends.

Catheter-related bloodstream infections (CRBSIs) are  patients, is associated with an increased risk of microbial
among the most common healthcare-associated entry into the bloodstream and subsequent infection
infections in intensive care units (ICUs) and are associated ~ [1:2l, CRBSIs have been shown to prolong hospital stays,
with substantial morbidity, mortality, and healthcare increase antimicrobial consumption, and significantly
costs 1. The widespread use of central venous catheters,  contribute to mortality, making them a major concern in
while essential for the management of critically ill  modern healthcare systems [1:2],
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The incidence of CRBSIs varies considerably across
regions and healthcare settings, largely depending on the
effectiveness of infection prevention and control strategies.
In high-income countries, the implementation of evidence-
based care bundles has led to a marked reduction in CRBSI
rates over the past decade [3-¢l. In contrast, CRBSIs remain
a persistent and significant challenge in many developing
and resource-limited settings [24],

Historically, Gram-positive bacteria, particularly coagulase-
negative staphylococci and Staphylococcus aureus, have
been the predominant causative agents of CRBSIs. However,
recent studies have demonstrated a shift toward Gram-
negative bacteria and fungal pathogens [2. Notably,
Klebsiella pneumoniae, Acinetobacter baumannii, and
Pseudomonas aeruginosahave gained prominenceduetoan
association with hospital-acquired infections and increasing
antimicrobial resistance profiles (2. In parallel, the incidence
of candidemia has risen, a trend largely attributed to the
growing population of immunocompromised patients and
the widespread use of broad-spectrum antibiotics 78],

These changes in pathogen distribution not only reflect
evolving microbial ecology but also highlight the dynamic
nature of antimicrobial resistance and infection control
practices. Continuous surveillance and analysis of temporal
trends are therefore essential for guiding empirical
therapy and optimizing infection prevention strategies
(1.2 In particular, long-term epidemiological data provide
valuable insights into fluctuations in infection rates and
pathogen profiles, enabling healthcare systems to evaluate
the effectiveness of interventions over time.

Advanced statistical methods such as joinpoint regression
analysis enable a more precise evaluation of temporal
trends by identifying significant changes and inflection
points within longitudinal data []. This approach enhances
understanding of non-linear trends and provides robust
evidence for assessing the impact of infection control
measures and epidemiological shifts.

In this context, the present study aimed to evaluate
temporal trends in CRBSI incidence and changes in the
distribution of causative microorganisms in an ICU over an
11-year period (2015-2025).

Materials and Methods

Study Design and Setting

This retrospective, single-center observational study was
conducted in the ICUs of Tokat State Hospital, Tiirkiye,
between January 1,2015,and December 31,2025.The study
aimed to evaluate temporal trends in CRBSI incidence and
changes in the distribution of causative microorganisms.

Study Population

All  patients who developed CRBSIs during ICU
hospitalization throughout the study period were included.

Definitions

CRBSI was defined according to the criteria of the
CDC National Healthcare Safety Network. Accordingly,
laboratory-confirmed bloodstream infections occurring in
patients with a central venous catheter in place for at least
48 hours before the onset of infection and not attributable
to another identifiable source were classified as CRBSIs.
Laboratory-confirmed bloodstream infection was defined
as the isolation of a clinically significant pathogen from at
least one positive blood culture, or, in the case of potential
contaminants, the isolation of the same microorganism
from at least two separate blood cultures obtained at
different times, in the presence of clinical signs such as
fever, chills, or hypotension.To support the catheter-related
origin of infection, simultaneously obtained blood cultures
from the catheter and a peripheral vein were evaluated.
Findings suggestive of catheter-related infection included
a differential time to positivity, defined as growth detected
in the catheter-drawn blood culture at least 2 h earlier
than in the peripheral blood culture, or a =3-fold higher
microbial burden in quantitative cultures from the catheter
compared to peripheral blood. In addition, isolation of
the same microorganism from catheter tip cultures, when
available, was considered a supportive finding [10.11],

The CRBSI incidence density was calculated as the number
of infections divided by the total number of catheter-days
and expressed per 1,000 catheter-days:

+  CRBSIrate=(Number of infections/Catheter-days)x1,000

Data Collection

Data were retrospectively obtained from the hospital
infection surveillance system and microbiology laboratory
records. The dataset included:

+ Annual total number of CRBSIs,
- Total catheter-days per year,
+ Distribution of causative microorganisms by year.

No individual-level clinical data (e.g., demographics,
comorbidities, or repeated infection episodes per patient)
were included.

Microbiological Methods

Blood cultures were processed using standard automated
systems in the microbiology laboratory. Identification of
microorganisms and antimicrobial susceptibility testing
were performed using conventional and/or automated
methods according to international laboratory standards.
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Figure 1. Temporal trend and annual change in catheter-related bloodstream infection incidence rates from 2015 to 2025.

Only clinically significant isolates were included. Potential
contaminants were excluded based on microbiological
criteria and infection control surveillance evaluation.

Outcome Measures

The primary outcome was the temporal trend in CRBSI
incidence density (per 1,000 catheter-days) over the study
period.

Secondary outcomes included:

« Temporal changes in the distribution of causative
microorganisms.

« Trend analysis of major pathogens, including K.
pneumoniae, A. baumannii, and Candida spp.

Statistical Analysis

Temporal trends in CRBSI rates and microbial distribution
were analyzed using the Joinpoint Regression Program
Version 6.0.1 (National Cancer Institute, USA). This method

Table 1. Temporal trends of causative microorganisms in CRBSI based on joinpoint regression analysis (2015-2025)

Microorganism Segment Incidence rate APC* (%95 CI) p Trend
Initial Final
Klebsiella pneumoniae 2015-2017 0.29 0.08 -47.83 (-61.25—-30.8344) <0.001 Decreasing
2017-2022 0.08 0.26 25.0138(17.1256-94.9331) <0.001 Increasing
2022-2025 0.26 0.07 -34.2181 (-52.3962--24.3556) <0.001 Decreasing
Acinetobacter baumannii 2015-2020 0.22 0.50 21.2042 (7.9394-93.1435) <0.001 Increasing
2020-2025 0.50 0.12 -31.3443 (-66.5186—-23.2610) <0.001 Decreasing
Pseudomonas aeruginosa 2015-2025 0.13 0.07 -4,5775 (-13.1278-3.2625) 0.151 Stable
Escherichia coli 2015-2025 0.06 0.01 -4.7143 (-13.7205-2.1742) 0.147 Stable
Staphylococcus aureus 2015-2025 0.04 0.11 1.7144 (-5.2584-11.2238) 0.519 Stable
Coagulase-negative staphylococci 2015-2025 0.06 0.06 5.7410 (-0.2975-14.3399) 0.063 Stable
Enterococcus spp. 2015-2025 0.14 0.12 -0.8305 (-7.3964-6.1957) 0.746 Stable
Candida spp. 2015-2021 0.04 0.36 46.1046* (32.9702-373.3709) <0.001 Increasing
2021-2025 0.36 0.28 -2.5089 (-24.2585-9.4288) 0.570 Stable
Gram-positive bacterium 2015-2025 0.24 0.29 1.7184 (-4.8610-9.5154) 0.503 Stable
Gram-negative bacterium 2015-2025 0.71 0.37 -4.7070 (-11.6881-1.6078) 0.116 Stable

APC: Annual percent change; CI: Confidence interval.
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Figure 2. Annual change in the proportion of Klebsiella pneumoniae among catheter-related bloodstream infection isolates from 2015 to 2025.

identifies statistically significant changes in trends over
time and calculates the annual percent change (APC) with
95% confidence intervals.

The optimal number of joinpoints was determined using
permutation tests, with a maximum of three joinpoints
allowed. A p<0.05 was considered statistically significant.
All analyses were performed using aggregated annual
data. Descriptive statistics were presented as proportions
and rates.

Ethical Considerations

This study was conducted in accordance with the principles
of the Declaration of Helsinki. The study was approved
by the Tokat Gaziosmanpasa University Clinical Research
Ethics Committee (approval number: 26-MOBEK-091).

Results

Overall CRBSI Incidence Trends

During the study period (2015-2025), CRBSI rates were
calculated annually using the number of infections
per 1,000 catheter-days. Joinpoint regression analysis
demonstrated a statistically significant declining trend in
CRBSI incidence over time. The overall APC was —21.81%
(p<0.05), indicating a substantial and consistent reduction
in infection rates throughout the 11-year period.

No significant joinpoint (inflection point) altering the
overall declining trend was identified, suggesting a

relatively stable and continuous improvement in infection
control performance over time (Fig. 1).

Distribution of Microorganisms

Multiple causative microorganisms were identified over the
study period. Overall, Gram-negative bacteria constituted
the majority of pathogens, although the proportion
of Gram-negative organisms showed a non-significant
declining trend over time. Gram-positive bacteria and
enterococci demonstrated relatively stable distributions
without statistically significant changes. In contrast,
Candida spp. exhibited a marked increase during the earlier
years, followed by a plateau in the later period (Table 1).

Temporal Trends of Major Pathogens
Gram-negative bacteria
« K. pneumoniae exhibited significant temporal variability
(Fig. 2).
o A marked decrease was observed between 2015 and
2017 (APC: —47.83%, p<0.001).

o This was followed by a significant increase between
2017 and 2022 (APC: +25.01%, p<0.001).
o Subsequently,asecondsignificantdecrease occurred
between 2022 and 2025 (APC: —34.21%, p<0.001).
+ A. baumannii showed a biphasic pattern (Fig. 3):
o A significant increase from 2015 to 2020 (APC:
+21.20%, p<0.001).
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Figure 3. Annual change in the proportion of Acinetobacter baumannii among catheter-related bloodstream infection isolates from 2015 to 2025.

"  Observed
38,194 — 20150.2021,0 APC = 45,10
- —— 2021,0-2025,0 APC = -2.51
33194
-
28,194 . — N |
| }
23194 -
E .
Y.
g 18,194 s
|//
.
'_/
13,194
-
-
8,184 - _—
- /_"_/ - -
-.-___,-""-’
3,194 P
-1,806
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

Year

* indicates that the Annual Percent Change (APC) is significantly different from zero at the alpha = 0.05 level.
Final Selected Model: 1 Joinpoint

Figure 4. Annual change in the proportion of Candida spp. among catheter-related bloodstream infection isolates from 2015 to 2025.

o Followed by a significant decrease from 2020 to - Escherichia coli also showed a non-significant decrease

2025 (APC: —31.34%, p<0.001).

« P aeruginosa demonstrated a non-significant
decreasing trend over the entire period (APC: —4.57%,
p=0.151).

(APC: —4.71%, p=0.147).

Gram-positive bacteria

+ S. aureus showed a slight but non-significant increase
over time (APC: +1.71%, p=0.519).



332 Ozbay. CRBSI Trends in ICU: An 11-Year Study / doi: 10.14744/hnhj.2026.00878

» Coagulase-negative staphylococci exhibited a non-
significant upward trend (APC: +5.74%, p=0.063).

+ Enterococcus spp. remained stable with no significant
temporal change (APC: —0.83%, p=0.746).

Fungal pathogens

» Candida spp. demonstrated a pronounced increase
between 2015 and 2021 (APC: +46.10%, p<0.001).

- Between 2021 and 2025, no statistically significant
change was observed (APC: —2.50%, p=0.570), indicating
a plateau phase following the initial rise (Fig. 4).

Overall Microbial Group Trends
When microorganisms were grouped:

» Gram-negative bacteria showed a decreasing trend over
time, although this did not reach statistical significance
(APC: —4.70%, p=0.116).

« Gram-positive bacteria demonstrated a stable trend
(APC: +1.71%, p=0.503).

Discussion

In this study, CRBSI incidence showed a statistically
significant decline over the 2015-2025 period. This
sustained declining trend suggests that local infection
prevention measures became increasingly effective
over time, rather than reflecting a single short-lived
intervention. The absence of a significant joinpoint
supports the interpretation that the decrease was gradual
and continuous, consistent with cumulative gains from
bundle-based catheter care, hand hygiene, insertion-site
antisepsis, daily assessment of catheter necessity, and
surveillance feedback. Reviews of CRBSI prevention have
repeatedly demonstrated that evidence-based bundles
can substantially reduce infection rates [2-4], One review of
ICU studies reported statistically significant reductions in
most included studies, with CRBSI rates decreasing by 26%
in the 15tyear of intervention and by as much as 95% by the
2"d year in some settings (4],

The predominance of Gram-negative organisms across the
study periodis epidemiologicallyimportant.Incriticallyilland
heavily instrumented patients, Gram-negative bacteria often
remain major causes of catheter-related infection, especially
where broad-spectrum antibiotic exposure, prolonged
hospitalization, and intensive care contact are common.
Although Gram-negative pathogens remained the leading
group in the present series, the overall proportion of Gram-
negative organisms showed a non-significant declining
trend, which may indicate that infection control measures
and antimicrobial stewardship gradually suppressed the
hospital ecological pressure favoring these organisms.

Current CRBSI guidance also emphasizes pathogen-specific
management for Gram-negative bacilli and Candida spp.,
underscoring the need to interpret changing organism
patterns alongside treatment implications '],

Among individual Gram-negative pathogens, the
fluctuating behavior of K. pneumoniae is particularly
notable. The marked decline early in the study, followed by
a rise and then a later fall, is more compatible with local
epidemiologic oscillation than with a monotonic secular
trend. Such patterns can reflect clonal spread, ward-level
outbreaks, shifts in antimicrobial pressure, and subsequent
containment efforts. A. baumannii showed a similar but
reversed biphasic pattern, with a period of increase followed
by a clear decline, again suggesting that local transmission
dynamics and control practices likely changed over time.
These organisms warrant particular attention because of
an association with resistant healthcare-associated strains,
and the temporal instability of these pathogens may serve
as a useful marker of changing hospital ecology.

By contrast, P. aeruginosa and E. coli showed only non-
significant decreases, and Gram-positive organisms
remained largely stable. This relative stability suggests
that these pathogens were present throughout the study
period but did not undergo major ecological expansion or
suppression. The small upward drift in coagulase-negative
staphylococci may be clinically plausible in catheter-related
infection, given an established association with device
colonization and biofilm formation; however, the lack of
statistical significance warrants cautious interpretation.
Overall, the Gram-positive profile appears less dynamic than
the Gram-negative profile in the present dataset, suggesting
that the strongest shifts in local epidemiology occurred
among healthcare-associated Gram-negative organisms.

Candida spp. followed a different trajectory and warrant
separate consideration. The pronounced increase observed
in the earlier years, followed by a plateau in the later period,
suggests that fungal CRBSI became increasingly significant
over time before reaching a relatively stable level. This
pattern is clinically relevant because Candida bloodstream
infection is strongly associated with invasive devices,
prolonged hospitalization, broad-spectrum antibiotic
exposure, parenteral nutrition, immunosuppression,
and severe underlying illness. A review of Candida CRBSI
in patients receiving parenteral nutrition reported that
Candida accounted for 9.8% of pediatric CRBSIs and 11.7%
of adult CRBSIs, and another review noted increasing rates
of Candida bloodstream infections in ICUs with evolving
epidemiology and susceptibilities 712, |n addition,
glucocorticoid use and parenteral nutrition have been
identified as independent risk factors for Candida CRBSI, and
early reinsertion of a catheter after infected-line removal
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may increase the risk of persistent fungal infection [7:13],
Taken together, the Candida trend observed in the present
study may reflect the combined effects of patient severity,
device dependence, and antibiotic selection pressure [7:8/131,

The fact that Gram-negative organisms decreased overall,
even though they remained predominant, is encouraging
and likely reflects improvements in prevention practices.
Studies of central line bundles have shown that strict
adherence to insertion and maintenance components can
reduce CRBSIrates,and a 9-year observational study reported
asignificant reduction in CRBSI rates after the introduction of
a chlorhexidine-impregnated dressing bundle ™. Similarly,
updated prevention reviews continue to emphasize the
importance of catheter placement decisions, insertion
bundles, standard-of-care adherence, and technological
adjuncts such as antimicrobial-impregnated catheters
(141 The present findings align with this body of evidence:
The infection burden decreased overall, but the microbial
spectrum shifted rather than disappearing altogether.

Clinically, these findings support two practical conclusions.
First, the reduction in CRBSI incidence suggests that local
infection control efforts were effective and should be
sustained. Second, the changing pathogen distribution
indicates that prevention and empiric management should
remain data-driven rather than fixed. In particular, ongoing
surveillance for resistant Gram-negative bacilliand Candida
spp. is essential, because these organisms are the most
likely to reshape the clinical burden of CRBSI over time.

The use of joinpoint regression analysis represents a
major strength of this study, enabling the identification
of significant temporal changes and inflection points in
infection trends. This method provides a more nuanced
understanding of epidemiological dynamics compared with
traditional linear analyses [°]. The ability to detect distinct
phases in pathogen-specific trends offers valuable insights
into the timing and potential impact of interventions.

Limitations

However, this study has several limitations. First, it
was conducted in a single center, which may limit the
generalizability of the findings. Second, patient-specific
risk factors, comorbidities, and clinical outcomes could not
be assessed. Third, antimicrobial resistance patterns were
not included, which could have provided further insight
into the observed microbiological trends. Finally, specific
infection control interventions and their timing were not
analyzed, limiting causal interpretations.

Despite these limitations, the study provides valuable
long-term data on CRBSI trends and pathogen
distribution in an ICU setting. The findings highlight that
while overall infection rates can be successfully reduced,

pathogen-specific dynamics may vary considerably over
time. Continuous surveillance, combined with adaptive
infection control strategies and antimicrobial stewardship,
remains essential for sustaining improvements and
addressing emerging threats.

Conclusion

In conclusion, this 11-year retrospective study demonstrated
a significant and sustained reduction in CRBSI rates in the
ICU, reflecting the effectiveness of infection control practices.
However, despite the overall decline, pathogen-specific
analyses revealed dynamic and heterogeneous temporal
patterns, particularly among major Gram-negative bacteria
and Candidaspp.Thesefindings highlightthatimprovements
in infection rates do not necessarily correspond to stable
microbial profiles. Continuous surveillance, integration of
advanced analytical methods, and adaptive infection control
and antimicrobial stewardship strategies are essential
to maintain reductions in infection rates and to respond
effectively to evolving pathogen dynamics.
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Second-Trimester Pregnancy Loss in Multiple Gestations:
A Comparison of Assisted Reproductive Technology and
Spontaneous Conception
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Abstract

Introduction: To compare the clinical, laboratory, and obstetric characteristics of multiple pregnancies conceived through as-
sisted reproductive technology (ART) and spontaneous conception (SC) that resulted in second-trimester abortion or stillbirth.
Methods: This retrospective study was conducted at a tertiary research hospital between January 2019 and December 2024.
Multiple pregnancies complicated by abortion or stillbirth occurring between 14 and 28 weeks of gestation were included
in this study. Singleton and higher-order multiple pregnancies, as well as pregnancies complicated by pregestational dia-
betes mellitus or chronic hypertension, were excluded from the study. Patients were grouped according to the mode of
conception (ART vs. SC). Demographic characteristics, obstetric history, clinical signs, laboratory findings, and progesterone
use were compared between the groups.

Results: A total of 64 women were included, comprising 30 ART-conceived and 34 spontaneously conceived multiple preg-
nancies. Maternal age, gestational age at pregnancy loss, history of vaginal delivery, and history of abortion were similar
between the groups (all p>0.05). White blood cell counts and rates of positive vaginal cultures did not differ significantly.
However, median C-reactive protein levels were significantly higher in the ART group than in the SC group (9.25 vs. 1.33 mg/
dL; p=0.001). Progesterone use was significantly more frequent in ART-conceived pregnancies than ART-conceived pregnan-
cies (90% vs. 21%, p=0.001). No significant differences were observed in the rates of vaginal bleeding, pelvic pain, membrane
rupture, or cervical dilatation.

Discussion and Conclusion: Second-trimester abortion and stillbirth in multiple pregnancies showed largely similar clin-
ical and obstetric characteristics, regardless of the mode of conception. Elevated inflammatory markers in ART-conceived
pregnancies may indicate distinct underlying mechanisms and warrant further investigation in larger prospective studies.
Keywords: Assisted reproduction technologies; multiple pregnancies; second-trimester abortion; spontaneous conception;
stillbirth.

he widespread use of ovulation induction (Ol) methods
and assisted reproductive technology (ART) has led
to an increase in the incidence of multiple pregnancies
(1], Women undergoing Ol have an approximately 6%

likelihood of conceiving twins or higher-order multiples,
while those using ART have a risk of 35% or more [23],
Existing studies comparing pregnancies achieved
through in vitro fertilization (IVF) with those conceived
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spontaneously still it remains unclear whether ART-
conceived multiple pregnancies carry additional maternal
and neonatal risks compared to multiple pregnancies
conceived spontaneously [*°l. Women with twin
pregnancies conceived through ART are at an increased
risk of preterm delivery, medical complications such as
hypertensive disorders and gestational diabetes mellitus,
placental abnormalities, and delivery by cesarean section.
However, this knowledge is limited by the heterogeneity
of study designs, incomplete data on key factors, and
reliance on aggregate data, which restricts the adjustment
for confounders [3,

Despite these observations, data specifically focusing
on adverse outcomes that occur during the second
trimester remain limited. Most of the studies comparing
maternal and neonatal outcomes in ART-conceived versus
spontaneously conceived multiple pregnancies report
higher rates of hypertensive disorders, preeclampsia,
preterm birth, and cesarean delivery in ART pregnancies;
however, the findings are inconsistent and often limited
by substantial heterogeneity in study design and residual
confounding 6-8l. Systematic reviews and large cohort
studies have emphasized the lack of detailed information
on pregnancy losses, including second-trimester abortion
and stillbirth, and the restricted ability to adjust for key
maternal, obstetric,and placental factors 9], Consequently,
it remains unclear whether ART independently contributes
to adverse second-trimester outcomes in multiple
gestations or whether these risks are primarily attributable
to underlying maternal characteristics and pregnancy-
related complications [6-9],

This retrospective study aimed to compare multiple
pregnancies conceived through ART with those occurring
spontaneously that resulted in abortion or stillbirth during
the second trimester.

Materials and Methods

This study was conducted at Zeynep Kamil Women
and Children Diseases Training and Research Hospital
between January 2019 and December 2024. Patients with
multiple pregnancies that resulted in abortion or stillbirth
in the second trimester (between 14 and 28 weeks’
gestation) were included in the study. Dichorionic and
monochorionic twin pregnancies were also considered.
Singleton, triplet, or higher-order pregnancies;
monochorionic twins; and maternal morbidities such
as pregestational diabetes mellitus or a history of
hypertension were excluded from the study. Chorionicity
was diagnosed based on ultrasound findings obtained
before 14 weeks of gestation.

By reviewing the medical profiles of eligible patients, age,
gestational week, gravidity, history of vaginal delivery and
abortion, levels of white blood count (WBC), C-reactive
protein (CRP), positive vaginal culture, antibiotherapy,
presence of vaginal bleeding, pelvic pain, membrane
rupture, cervical dilatation, and anamnesis of progesterone
use were recorded. The patients were grouped according
to their mode of conception: Spontaneous or ART. The
groups were compared in terms of baseline characteristics,
clinical signs, symptoms, and laboratory findings.

Ethical Permission

The study protocol was approved by the Ethics Committee
of Zeynep Kamil Women and Children Diseases Training
and Research Hospital (Date: March 20, 2024 No: 72/2024).
The study was conducted in accordance with the principles
of the Declaration of Helsinki and relevant national and
institutional regulations. Written informed consent was not
obtained from the patients, as the retrospective design of
the study rendered it unnecessary, in accordance with the
regulations of the ethics committee.

Statistical Analysis

Statistical analyses were performed using the appropriate
statistical software. Continuous variables were assessed
for normality using visual methods, including histograms
and analytical tests. Variables with a normal distribution,
including maternal age, gestational age, and WBC
count, are presented as meanzstandard deviation and
were compared using the independent samples t-test.
Despite the relatively limited sample size, these variables
demonstrated an approximately normal distribution on
visual and analytical assessments and were therefore
considered suitable for parametric analyses. CRP values
did not meet parametric assumptions and were therefore
expressed as median (minimum-maximum) and analyzed
using the Mann-Whitney U test. Categorical variables
are presented as numbers and percentages and were
compared using the Pearson Chi-square test according to
the expected cell counts. Comparisons were performed
between the ART and spontaneous conception (SC) groups.
All tests were two-sided, and a p<0.05 was considered
statistically significant.

Results

Eighty-eight women with multiple pregnancies whose
pregnancies resulted in abortion between 14 and 28 weeks
of gestation were identified from hospital records. After
excluding eight triplet pregnancies and 16 monochorionic
twins, 64 women who met the inclusion criteria were
enrolled in the main analysis, comprising 30 patients who
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Table 1. Baseline demographic characteristics of the ART and SC
groups

Variables ART (n=30) SC(n=34) p*

Age (years)! (mean+SD) 31.2+6.1 29.0+5.8 0.149
Gestational week! (mean=SD) 194423 192422 0.772
History of vaginal delivery?, n (%) 13/30 (43)  16/3(47) 0.765
History of abortion2, n (%) 5/30(17) 4/34(12) 0.573

* p<0.05. !: Independent Sample t-test; 2: Pearson Chi-square test. ART: Assisted
reproductive techniques; SC: Spontaneous conception; SD: Standard deviation.

Table 2. Comparison of clinical signs, symptoms, and laboratory
findings between the ART and SC groups

Variables ART (n=30) SC(n=34) p*
WBC' x1000 (mean+SD) 13.5+5.4 12.0£3.1  0.164
CRP2 mg/dL, median 9.25 1.33 0.001
(min-max) (0.4-174) (0.1-33)

Positive vaginal culture?, (n,%)  10/30(33)  9/34(27) 0.445
Antibiotherapia3, (n, %) 27/30(90)  25/34 (74) 0.092
Vaginal bleeding?, (n, %) 10/30 (33) 9/34(27) 0.549
Pelvic pain3, (n, %) 13/30(43) 14/34 (47) 0.862
Membrane rupture3, (n, %) 20/30 (66)  15/34(44) 0.071
Cervical dilatation3, (n, %) 11/30(37) 10/34 (29) 0.537
Progesteron use3, (n, %) 27/30(90) 7/34(21)  0.001

*p<0.05. !: Independent sample t-test; 2 Mann-Whitney-U test; 3: Pearson
Chi-square test. ART: Assisted reproductive techniques; SC: Spontaneous
conception; WBC: White blood cell count; CRP: C-reactive protein; SD: Standard
deviation.

conceived through ART and 34 patients with SC. Within the
ART group, 24 pregnancies resulted from IVF and six from
intrauterine insemination.

The baseline demographic characteristics were
comparable between the two groups. The mean maternal
age was 31.2+6.1 years in the ART group and 29.0+5.8
years in the SC group, with no statistically significant
difference between the groups (p=0.149). Similarly, the
mean gestational age at pregnancy loss was comparable
between the ART and SC groups (19.4+2.3 vs. 19.2+2.2
weeks, respectively; p=0.772). Regarding obstetric history,
prior vaginal delivery was reported in 47% of women
in the ART group and 43% in the SC group, without a
significant difference (p=0.765). A history of abortion was
observed in 17% of patients in the ART group and 12%
in the SC group, which was also not statistically different
between the groups (p=0.573) (Table 1).

The clinical signs, symptoms, and laboratory findings are
summarized in Table 2. The mean WBC counts were similar
between the ART and SC groups (13.5+5.4 vs. 12.0+3.1x103/

UL, respectively; p=0.164). In contrast, the median CRP level
was significantly higher in the ART group than in the SC
group (9.25 vs. 1.33 mg/dL; p=0.001).

The rate of positive vaginal cultures did not differ
significantly between the ART and SC groups (33% vs. 27%,
p=0.445). Similarly, no statistically significant differences
were found in vaginal bleeding (33% vs. 27%, p=0.549),
pelvic pain (43% vs. 47%, p=0.862), or cervical dilatation
(37% vs. 29%, p=0.537). Although membrane rupture
occurred more frequently in the ART group compared
to the SC group (66% vs. 44%), this difference was not
statistically significant (p=0.071). Likewise, antibiotherapy
was administered more often in the ART group (90% vs.
74%, p=0.092).

Progesterone use was significantly more common in the
ART group than in the SC group (90% vs. 21%, p=0.001).
Overall, except for higher CRP levels and progesterone use
in the ART group, the clinical and laboratory characteristics
were largely similar between groups.

Discussion

In this retrospective study, we compared multiple
pregnancies conceived through ART with those conceived
spontaneously that resulted in second-trimester abortions
or stillbirths. Baseline demographic and obstetric
characteristics, including maternal age, gestational age at
loss, and obstetric history, were comparable between the
groups. These findings suggest that maternal background
characteristics alone may not account for differences
in second-trimester pregnancy loss among multiple
gestations, consistent with previous cohort studies
indicating similar maternal profiles between ART and SC
twin pregnancies after the first trimester [6-91,

Our finding of higher median CRP levels in the ART group is
biologically plausible, given the recognized role of systemic
inflammation in adverse pregnancy outcomes, including
miscarriage and preterm delivery. Elevated CRP levels have
been linked to subclinical intrauterine inflammation and
adverse obstetric outcomes, such as preterm labor and
membrane rupture in multiple gestations, supporting the
concept that inflammatory pathways may contribute to
pregnancy loss, even in the absence of overt infection on
vaginal culture. Recent evidence also suggests that markers
of systemic inflammation, such as CRP, can help predict poor
obstetricoutcomesin twin pregnancies, particularly preterm
delivery and cervical changes, although the evidence
remains limited and heterogeneous across populations [19],

While studies consistently show worse maternal and
neonatal outcomes in ART-conceived twin pregnancies than
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in SC twins, many of these findings relate to late gestational
complications, such as preeclampsia, gestational diabetes,
and preterm birth, rather than specifically to mid-trimester
losses. A large population-based cohort study demonstrated
increased odds of hypertensive disorders, gestational
diabetes, placenta previa, and emergency cesarean delivery
in ART twins compared to SC twins, highlighting the broader
obstetric risk profile associated with ART and multiple
gestations (1], Another large meta-analysis reported that
ART is associated with poorer perinatal outcomes and higher
rates of complications, such as low birth weight and stillbirth,
although this effect is often mediated by factors, including
multiple pregnancies and maternal characteristics (1.

Evidence from epidemiological studies confirms that ART
significantly increases the incidence of twin and higher-
order multiple gestations, which are inherently high-risk
pregnancies with elevated rates of obstetric complications
and perinatal mortality compared to singleton pregnancies
(12 Twins have a higher risk of preterm birth, low birth
weight, placental abnormalities, and fetal loss, reinforcing
the idea that gestational multiplicity, not just the mode of
conception, plays a major role in adverse outcomes (131,

Notably, large twin cohort analyses have shown that once
confounding factors are adjusted for, many of the adverse
outcomes attributed to ART diminish, although some
risks, such as gestational hypertension and preeclampsia,
remain elevated 7], These findings highlight the complexity
of distinguishing between the direct effects of ART and
the indirect effects mediated by twinning and underlying
infertility factors,a dilemmaalso reflected in studies examining
congenital anomalies, where most associations with ART are
mediated by an increase in multiple gestations [11:14],

In our study, except for CRP levels and progesterone use,
the clinical symptoms and laboratory markers did not
differ significantly between the groups. The similar rates of
vaginal bleeding, pelvic pain, and cervical dilatation suggest
that the clinical presentation of second-trimester loss may
be comparable regardless of the conception method,
consistent with observations in prior clinical research
showing overlapping obstetric manifestations between ART
and SC pregnancies 1131, Although membrane rupture and
antibiotherapy rates did not reach statistical significance,
the numerically higher frequencies observed in the ART
group may suggest a potential clinical tendency toward
increased inflammatory or infectious processes during these
pregnancies. However, these findings should be interpreted
cautiously, given the relatively limited sample size.

Progesterone supplementation, which is widely used in ART
cycles for luteal support, was significantly more prevalent

in the ART group. While progesterone may protect against
early pregnancy loss in some settings, its impact on later
abortion or stillbirth in multiple pregnancies is not well-
defined, and current evidence does not support a causal
role in promoting mid-trimester pregnancy loss.

Our findings suggest that ART-associated multiple
pregnancies may not be intrinsically predisposed to worse
second-trimester outcomes than SC multiple pregnancies,
except possibly through increased systemic inflammation,
as reflected by CRP levels. However, the broader literature
indicates that ART and twin gestations carry an increased
risk of later obstetric complications, which may influence
outcomes through indirect pathways or confounding
maternal factors, such as age or underlying infertility.

The strengths of this study include its focus on an
understudied outcome, second-trimester abortion, and
stillbirth within ART versus SC twin pregnancy cohorts and
detailed clinical and laboratory characterization.

Limitations

Thisstudyhasseverallimitations,includingtheretrospective
design, relatively small sample size, and lack of data on
placental pathology, chorionicity subtypes, and indications
for ART in the ART group. Prospective multicenter studies
incorporating standardized inflammatory biomarkers
and placental evaluations are warranted to clarify the
mechanisms underlying these outcomes.

Conclusion

Mid-trimester loss among multiple pregnancies does not
appear to differ markedly between ART and SC conceptions
in terms of baseline demographics and clinical presentation,
although elevated inflammatory markersin ART pregnancies
may indicate distinct pathophysiological pathways. Further
research with larger, well-characterized cohorts is needed to
disentangle the direct effects of ART from those of multiple
gestations and maternal factors on second-trimester losses.
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Public Awareness of Coronary Computed Tomography
Angiography: A Multinational Google Trends and YouTube
Analysis
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Abstract

Introduction: Digital platforms increasingly influence how patients obtain information about cardiovascular imaging. Dif-
ferences between professional terminology and patient search language, together with the growing role of YouTube, may
shape awareness of coronary computed tomography angiography (CCTA). This study examined cross-country trends in CCTA
awareness and the influence of linguistic patterns and video-based information sources on patient-provider communication.
Methods: Google Trends was used to retrieve monthly relative search volumes for curated medical and colloquial CCTA-re-
lated terms across Turkiye, the United States, the United Kingdom, France, and Germany from 2011 to 2025 on Web and
YouTube. Baseline-to-endpoint growth, the linguistic gap ratio (LGR), and platform correlations were evaluated. Trends were
analyzed using the Mann-Kendall test.

Results: Web search interest increased significantly in all countries (p<0.05). The United States showed mature-market
growth (+238.4%), whereas Turkiye showed rapid emerging-market expansion (+4,115.1%). Western markets showed a
pronounced linguistic gap (LGR 9.83-13.30), whereas Tirkiye showed a hybrid pattern (LGR 0.83) with strong correlation
between medical and colloquial searches (r=0.85). YouTube growth exceeded web growth in most regions.

Discussion and Conclusion: Public engagement with CCTA is increasingly driven by colloquial terminology and video-based
information seeking. Recognizing these regional patterns may improve patient communication and optimize pre-test workflow.
Keywords: Coronary computed tomography angiography digital epidemiology; Google Trends; patient education; YouTube.

established in clinical guidelines, public awareness and
understanding of the procedure remain heterogeneous and
poorly characterized across different healthcare systems [/,

Coronary computed tomography angiography (CCTA) has
revolutionized preventive cardiology over the last two
decades. Evolving from a niche diagnostic tool to a first-line

modality for excluding coronary artery disease, CCTA offers a
non-invasive alternative to traditional catheter angiography
(1.2 |ts ability to visualize coronary plaque burden and
calcification, often before symptoms arise, has made it a
cornerstone of modern cardiovascular risk assessment 131,
However, while the technological efficacy of CCTA is well

Despite the rapid adoption of CCTA in clinical practice,
there is a significant disconnect between how medical
professionals describe the procedure and how patients
perceive it. In the digital age, the internet has become
the primary source of health information, with patients
frequently turning to search engines to interpret symptoms
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or validate doctor recommendations >6], This behavior
leaves “Digital Footprints” that can be analyzed to measure
public health literacy 1. While previous studies have utilized
Google Trends (GTs) to track general interest in radiology [,
few have investigated the “Linguistic Gap,’ the dissociation
between formal medical terminology (e.g., CCTA) and the
colloquial “patient slang” used by the lay public (e.g., Sanal
Anjiyo in Turkiye or Calcium Score in the US). Understanding
this semantic divergence is crucial, as it reflects the extent
to which patients may be navigating the healthcare system
using a vocabulary entirely different from their providers 9],

Furthermore, existing digital epidemiology studies have
predominantly focused on text-based web searches,
neglecting the rapid shift toward visual information
consumption. Platforms such as YouTube have evolved
into massive repositories of patient education and health
misinformation [1911], For procedures that induce patient
anxiety, such as heart imaging, the demand for visual
reassurance (e.g., “watching” the procedure to ensure it is
painless) may drive search behaviors that traditional web
queries fail to capture. To date, no multinational study
has simultaneously analyzed the divergence between
text-based (Google Web) and video-based (YouTube)
information-seeking behaviors for cardiac imaging,
representing a significant gap in the current literature.

This study aims to evaluate the global evolution of CCTA
awareness over a 15-year period (2011-2025) across five
distinct healthcare markets: Turkiye, the United States, the
United Kingdom, France, and Germany. Unlike previous
analyses, this study introduces two novel metrics: the
“Linguistic Gap,” quantifying the ratio of patient slang to
medical terminology, and the “Visual Shift,” comparing
search volume growth on YouTube versus Google Web
Search. We hypothesized that digital search behaviors
for CCTA exhibit distinct regional disparities driven by
local terminology and healthcare models. Specifically, we
postulated that while established markets may show trends
aligning with preventative screening, emerging markets
could demonstrate patterns influenced by colloquial,
marketing-driven language. We also sought to investigate
whether a pronounced shift toward visual media platforms
is occurring as a primary source of patient information.
Understanding these distinct digital behaviors is critical
for radiologists and policymakers to tailor effective public
health communication strategies.

Materials and Methods

Study Design and Data Source

This study was designed as a retrospective digital
epidemiology analysis utilizing the GT database (Google

LLC, MountainView, CA).The study period spanned 15 years,
from January 01, 2011, to December 31, 2025, capturing
the long-term evolution of public interest in CCTA. This
study aggregates data obtained from GTs consistent with
previous digital epidemiology protocols 121,

Data were retrieved using the Python programming
language (version 3.11) and the pytrends library, which
interacts with the official GTs APl To investigate the
“Visual Shift” in information consumption, search volume
data were extracted from two distinct Google platforms:
“Web Search” (text-based queries) and “YouTube Search”
(video-based queries). To ensure mathematically valid
volume comparisons between professional and colloquial
terminology, search terms within each country were
passed simultaneously to the GTs API to anchor them to
a single, shared 0-100 normalization scale. For term lists
exceeding the five-term API limit, a consistent benchmark
term was utilized across query batches to calibrate all terms
to the same relative volume scale prior to summation and
calculation of the linguistic gap ratio (LGR).

Ethics Approval Statement

This study used publicly available, anonymized, and
aggregated secondary data obtained from GTs, including
Google Web Search and YouTube Search. Because no
human participants, patient-level data, or identifiable
personal information were involved, ethics committee
approval was not required.

Informed Consent

Informed consent was not required, as the study did not
involve human participants or identifiable personal data.

Search Term Selection and Linguistic Strategy

To accurately measure the dissociation between
professional and public terminology (the “Linguistic Gap”),
a comprehensive multi-keyword strategy was employed.
Search terms were exhaustively curated to capture
all linguistic variations, including spelling differences,
abbreviations, and marketing-driven terminology ['2],

The search terms were categorized into two distinct groups
for analysis: Medical terminology (formal nomenclature
used in clinical guidelines) and colloquial/patient
terminology (informal, slang, or marketing-driven terms).
The complete list of queried terms for each region is
demonstrated in Table 1.

GTs Query Parameters

Queries were executed using pytrends with a fixed
timeframe (January 2011-December 2025), country-
level geography, and platform-specific search types (Web



342

Ayyildiz and Kartal. Public Awareness of CCTA / doi: 10.14744/hnhj.2026.35033

Table 1. Country-specific medical and colloquial search terms used for coronary CT angiography analysis

Country Medical terminology (professional)

Colloquial/patient terminology

Turkiye
Koroner CT Anjiyo; Koroner CT Anjiyografi

United States

France Angiographie coronaire par scanner; Coronary
CT angiography; CCTA
Germany CT koronarangiographie; Koronar-CT-angiographie;

Koronar CT-Angiographie; CCTA
United Kingdom

Koroner BT Anjiyografi; BT Anjiyo; Koroner BT Anjiyo;

Coronary CT angiography; CCTA; Heart CT angiography;
Heart CTA; Cardiac CT angiography; Coronary CTA

CT Coronary angiogram; CTCA; Coronary CT angiography;
Heart CT Angiography; Heart CTA; Cardiac CT angiography

Sanal Anjiyo; Kansiz Anjiyo; Sanal Anjio; Sanal
Anjiyografi; Sanal Anjiografi; Kalsiyum Skoru
Heart CT; Calcium score; Heart scan; Cardiac CT
scan

Coroscanner*; Scanner coronaire; Score calcique;
Angioscanner; Scanner cardiaque

Herz CT; Herz-CT; Cardio CT; Kalkscore; Koronar
CT; CT Herz

Cardiac CT; Heart scan; Calcium score; Cardiac
CT scan

*:"Coroscanner” is a commonly used French colloquial term for coronary CT angiography. BT: Bilgisayarli tomografi, CT: Computed tomography, CCTA: Coronary com-
puted tomography angiography, CTA: Computed tomography angiography, CTCA: Computed tomography coronary angiography.

Table 2. Comparative digital epidemiology metrics (2011-2025)

Country  Web growth (%) YouTube growth (%) Linguistic gap ratio (2025) Platform correlation Dominant patient term
Turkiye +4,115.1* +7.7 0.83 0.23 (Weak) Sanal Anjiyo/BT Anjiyo
uUs +238.4 +2,544.2 12.59* 0.80* (Strong) Calcium Score

Germany  +359.7 +14,250.0% 13.30 0.17 (Weak) Kalkscore

France +657.0 +6,083.3 9.83 0.25 (Weak) Coroscanner

UK +169.4 +3,166.7 6.65 0.03 (None) Heart Scan

*:The highest magnitude observed in each category across the five study regions. Web and YouTube growth represent the baseline-to-endpoint percentage change
between 2011-2012 and 2024-2025. LGR represents the colloquial-to-medical search volume ratio in 2025. Platform correlation represents the Pearson correlation
coefficient (r) between monthly aggregate Web and YouTube search series over the full study period (2011-2025).

Search and YouTube Search). Search terms (rather than
“topics”) were used to preserve linguistic specificity across
languages. For each country, semantically related terms
were aggregated by summing monthly relative search
volumes (RSV) values to approximate total interest within
that conceptual category (medical vs. colloquial).

Term Validation

Search terms were selected using a structured three-stage
process. First, an initial candidate pool was generated for
each country from three sources: (i) formal nomenclature
used in current clinical guidelines and radiology reporting;
(ii) common abbreviations and orthographic variants,
including diacritic and spacing variants relevant to each
language; and (iii) public-facing colloquial, slang, and
marketing-driven expressions identified through Google
autocomplete suggestions and the “Related queries”
feature of GTs.Second, each candidate term wasindividually
queried in GTs over the full study window (2011-2025),
and terms were excluded if they (i) returned near-zero RSV
throughout the study period, indicating insufficient search
activity for reliable trend analysis; (ii) were redundant
duplicates of an already-included variant with lower search
volume; or (iii) were semantically ambiguous, capturing

search intent unrelated to CCTA. Third, the surviving terms
were reviewed by two authors and assigned by consensus
to either the medical terminology or colloquial/patient
terminology category. The final curated term lists for each
country are presented in Table 1.

Data Processing and New Metrics

GTs normalizes search data on a scale of 0-100, where
100 represents the peak search volume for a specific term
within the selected time and region. Although GTs provides
normalized RSV rather than absolute counts, summation
across semantically related terms has been widely used to
approximate aggregate public interest, particularly when
the same normalization framework is applied consistently
within each country U'3), To allow for cross-platform and
cross-terminological comparison, we defined two novel
metrics:

« To quantify the divergence between patient and
professional language, we calculated the LGR for each
year; the primary value reported in Table 2 is the 2025
LGR. This metric was defined as: LGR=(Total Colloquial
RSV)/(Total Medical RSV), where “Total Colloquial RSV”
represents the sum of search volumes for all patient
slang terms (e.g., “Sanal Anjiyo,” “Calcium Score”) and
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“Total Medical RSV” represents the sum of search
volumes for formal medical terminology.

« The visual shift metric (VSM): VSM was assessed by
comparing baseline-to-endpoint percentage growth
in aggregate RSV between YouTube Search and Web
Search. The direction of the VSM was determined
from the difference between YouTube and Web
growth (YouTube growth — Web growth); a positive
difference indicated a visual shift toward video-based
information seeking, whereas a negative difference
indicated relatively greater growth in Web Search. The
corresponding Web and YouTube growth values are
presented separately in Table 2 rather than as a single
numerical VSM value.

+ For clarity, the values reported in Table 2 are derived
from the grouped RSV data as follows. For each country
and platform, monthly RSV values of all terms (medical
and colloquial combined) were summed to produce
a single aggregate interest series. Web growth and
YouTube growth represent the percentage change in
the mean monthly aggregate RSV from the baseline
period (2011-2012) to the endpoint period (2024-2025)
on the respective platform. The LGR reported in Table 2
is the 2025 value, calculated as the ratio of the summed
colloquial-term RSV to the summed medical-term RSV
for that year. Platform correlation refers to the Pearson
correlation coefficient between the monthly aggregate
Web Search series and the monthly aggregate YouTube
Search series for each country over the full study period.

Statistical Analysis

Data extraction and preprocessing were performed in
Python (Pandas). Monthly RSV series were smoothed for
visualization using a 12-month rolling average. Primary
descriptive outcomes included baseline-to-endpoint
growth, calculated as the percentage change in mean
monthly RSV from the baseline period (2011-2012) to the
endpointperiod (2024-2025),and derived metricsincluding
the LGR and the VSM based on the comparative growth of
YouTube and Web Search. For inferential trend testing, the
Mann-Kendall trend test was applied to the unsmoothed
monthly RSV series for each country, platform, and term
group to assess monotonic temporal trends without
assuming a normal distribution of RSV values (two-sided
0a=0.05). Correlation between paired series (e.g., medical
vs. colloquial terms; Web vs. YouTube) was evaluated using
Pearson correlation (r), as the analysis aimed to quantify
the strength and direction of linear co-movement between
paired continuous RSV series. Sensitivity analyses included
repeating descriptive growth calculations using alternative
baseline definitions (2011 only and 2012 only) and

repeating key summaries after excluding each country’s
dominant colloquial term. Smoothing was applied only
for visualization. To reduce concerns related to serial
dependence, trend testing was additionally checked using
annual-aggregated RSV as a sensitivity analysis.

Results

Global Evolution of Web Search Interest (2011-
2025)

The United States exhibited the characteristics of a
“Mature Market,” maintaining a high initial baseline in
2012 and a steady, upward trajectory with a baseline-to-
endpoint increase of 238.4%; monthly Mann-Kendall
testing confirmed a significant upward trend (p<0.001).
In contrast, Tlrkiye demonstrated an explosive “Emerging
Market” pattern, recording the highest relative growth rate
among all nations with a 4115.1% increase in total search
volume over the study period; monthly Mann-Kendall
testing confirmed a significant upward trend (p<0.001).
European nations showed intermediate growth profiles,
with France (657.0%) and Germany (359.7%) reflecting
gradual increases in search interest. Monthly Mann-
Kendall testing also confirmed significant upward trends
for France, Germany, and the UK (all p<0.05) (Fig. 1).

The “Linguistic Gap” Analysis
The divergence between professional and public
terminology varied markedly by region (Table 2).

+ United States and Europe: A pronounced “Linguistic
Gap” was observed in Western markets. The US
recorded an LGR of 12.59, indicating that aggregated
colloquial-term RSV (e.g., Calcium Score, Heart Scan)
was approximately 12.6 times the medical-term RSV
(e.g., CCTA) in 2025. Similarly high ratios were observed
in Germany (13.30) and France (9.83), driven by the
public’s preference for screening-related keywords
(Kalkscore, Score Calcique). Pearson correlation analysis
in the US revealed a negligible correlation (r=0.02)
between medical and colloquial search volumes, which
may indicate that “Calcium Score” functions as a largely
independent search concept, relatively detached from
formal medical nomenclature.

- Tirkiye: Turkiye presented a unique “Hybrid” linguistic
landscape with an LGR of 0.83. Unlike Western markets
where lay terms completely eclipsed medical ones,
Turkish patients utilized both marketing terms (Sanal
Anjiyo) and medical abbreviations (BT Anjiyo) in near-
equal volume. A strong positive correlation (r=0.85) was
observed between these term groups, suggesting a
high level of specific procedural awareness.
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Figure 1. Long-term evolution of Google Web Search interest in coronary computed tomography angiog-
raphy-related terms across Tirkiye, the US, the UK, France, and Germany (2011-2025). Curves represent ag-
gregated relative search volume (relative search volumes, 0-100) for each country, displayed as a 12-month

rolling average for visualization.
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Figure 2. Long-term evolution of YouTube Search interest in coronary computed tomography angiogra-
phy-related terms across Tirkiye, the US, the UK, France, and Germany (2011-2025). Curves represent ag-
gregated relative search volumes (0-100) for each country, displayed as a 12-month rolling average for

visualization.

The “Visual Shift:” YouTube versus Web Search
Dynamics

Video-based information seeking (YouTube) outpaced text-
based search (Web) in growth velocity across the majority
of regions, confirming a global “Visual Shift” in patient
education behavior (Fig. 2).

The global video explosion: Germany (14,250%) and
France (6,083%) recorded massive increases in YouTube
search volume for cardiac imaging terms, substantially
outstripping their web search growth.

US platform integration: The United States showed
a strong positive correlation (r=0.80) between Web
and YouTube search volumes. This indicates a highly
integrated information ecosystem in which Web and
YouTube search interest tends to increase in parallel.

The Turkish visual divergence: While Tirkiye's web
search volume grew exponentially, the correlation
between Web and YouTube platforms was weak (r=0.23).
This discrepancy suggests that video-related search
behavior in Tirkiye may follow a partly independent
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pattern; one possible explanation is a distinct user
group seeking visual reassurance rather than general
information, although search data alone cannot confirm
user motivations.

Inferential Statistics

Monthly Mann-Kendall trend testing confirmed that the
upward trajectories for both Web and YouTube searches
were statistically significant for all five countries (p<0.05).
Findings were consistent when trends were reassessed
using annual-aggregated RSV as a sensitivity analysis,
supporting thatthe observedincreases represent persistent
shifts in public interest rather than short-term variability.

Discussion

Public search behavior is increasingly used as a measurable
“digital footprint” to understand population-level health
information needs, consistent with the infodemiology
framework proposed by Eysenbach et al [¢l. and later
methodological syntheses of GTs research 71, Within this
framework, our 15-year multinational analysis suggests
that awareness of CCTA has risen in all evaluated regions,
but with substantially different trajectories that likely
reflect differences in healthcare delivery models, imaging
access, and public-facing terminology. Importantly, our
results extend earlier imaging-oriented GTs work (for
instance, population interest in imaging-based screening
examinations) by focusing on an advanced cardiovascular
imaging test and by incorporating a platform comparison
that captures the evolving shift toward video-based
information seeking 14,

The divergent growth profiles observed across countries
mirror patterns described in broader imaging trends
literature, where mature systems show steadier trajectories
and emerging systems demonstrate rapid relative increases.
A radiology-focused example is the clinical imaging study
conducted during the pandemic by Adelhoefer et al. [,
which used GTs to quantify shifts in public interest specific
to imaging modalities. The study also highlighted how
external shocks can sharply affect imaging-related search
behavior. While our study is not centered on the pandemic
period, the presence of detectable, statistically significant
long-term upward trends across nations supports the
notion that imaging-related search interest is not random
noise but a meaningful signal that can be tracked over time.
Methodologically, our study also aligns with the caution
emphasized by previous studies: GTs are most interpretable
when used for within-region temporal comparisons under
a consistent query strategy, an approach we maintained by
applying the same normalization framework within each
country across years 712, Beyond these studies, which have

repeatedly shown that lay users often search with simplified,
colloquial, or “brand-like” terms rather than formal medical
nomenclature, a central contribution of our work is the
quantitative demonstration of a “Linguistic Gap” between
professional terminology and public-facing vocabulary.

Our findings in the United States, France, and Germany
strongly support this phenomenon: colloquial/screening-
oriented terms (e.g., “calcium score” equivalents)
overwhelmingly dominated and, in the United States,
showed negligible correlation with medical terms,
consistent with the idea that screening language may
evolve into an independent public concept. This has
practical implications: patient-provider communication
and radiology reports may be interpreted through an
entirely different vocabulary than the one used in guidelines
or referrals, increasing the risk of misunderstanding and
potentially widening the gap between clinical intent and
patient perception. When a patient arrives expecting a non-
contrast “Calcium Score” but is scheduled for a CCTA, the
resulting confusion or anxiety could plausibly contribute
to elevated heart rates, poorer breath-hold compliance,
and suboptimal image quality, although this link cannot be
demonstrated from search data and warrants prospective
evaluation. Bridging this terminology gap may therefore be
relevant not only to health literacy but also to the quality of
diagnostic image acquisition.

Tarkiye's “hybrid” linguistic structure is particularly
noteworthy because it deviates from the Western
pattern of colloquial dominance. An LGR below 1 with
a strong correlation between term groups suggests
co-evolution rather than replacement: both medically
flavored abbreviations (“BT anjiyo”) and marketing-
driven expressions (“sanal anjiyo/anjio”) appear to rise
together. This pattern may reflect a closer coupling
between referral pathways and public interest, direct-
to-patient advertising that still retains semi-technical
terms, or higher procedural specificity in public discourse.
Conceptually, this aligns with the broader infodemiology
principle that digital signals can be shaped by national
communication norms and healthcare access patterns
rather than by technology adoption alone.

These patterns are not unique to CCTA. A recent GTs-based
analysis of Interventional Radiology awareness across
Turkiye, the United States, and Europe demonstrated a
highly similar geographic distribution, with the US showing
the highest baseline awareness, Tirkiye exhibiting the
most rapid growth, and European countries demonstrating
moderate but significant increases ['°l. The consistency
of these findings across distinct radiology subspecialties
supports the validity of trend-based analyses for capturing
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public awareness dynamics and highlights their relevance
for radiologists and healthcare policymakers.

Beyond terminology, the “Visual Shift” we observed
(YouTube search growth outpacing web search growth) fits
with the expanding role of YouTube as a health information
and education channel. Kauffman et al. ['®! analyzed the
performance and educational structure of a high-volume
radiology channel, arguing that YouTube has become
a viable and scalable pathway for the distribution of
image-based educational content, providing an empirical
anchor specific to radiology. Our data complements
such content-focused studies by quantifying demand
signals at a population level. The country differences are
also meaningful: the strong web-YouTube correlation
in the United States suggests an integrated information
ecosystem, whereas Tirkiye's weak correlation implies
that video searches may represent a distinct behavior.
The stagnation of YouTube search volume in Tirkiye
(+7.7%) compared to the exponential rise in web searches
(+4,115.1%) may reflect a fragmentation of visual media
consumption. One possible explanation is that, unlike
Western markets where YouTube serves as a central
repository for patient education, visual content in Tirkiye
is increasingly encountered passively through short-form
social media platforms or direct consumer advertising
rather than through active YouTube searches; however, this
hypothesis cannot be tested with the present data.

At the same time, the literature cautions that increasing
YouTube activity does not guarantee exposure to accurate
content. Quality appraisals of YouTube information on
angiography-relatedtopicshavereportedvariablereliability
when assessed with structured instruments such as the
Global Quality Scale and DISCERN, indicating potential
for misinformation or incomplete counseling ['71. Notably,
there are also language-specific evaluations; for example,
Turkish-language analyses of YouTube videos about
coronary angiography have been conducted, highlighting
that content quality concerns are not restricted to English
materials and may be especially relevant in rapidly
expanding markets where public interest rises quickly 18,
In this context, the rapid YouTube growth in Germany and
France, and the divergence observed in Turkiye, should be
interpreted as a call for proactive professional engagement:
radiology and cardiology societies could reduce the risk
of misinformation by producing high-quality patient-
facing videos that explicitly address procedural safety,
preparation, and realistic expectations. For the interpreting
radiologist and the technologist at the console, time spent
correcting misconceptions gathered from unverified video
platforms may adversely affect department throughput.
Providing patients with vetted, institution-sponsored

visual media prior to their appointment could streamline
workflows and reduce pre-test apprehension.

Limitations

Several limitations intrinsic to the digital epidemiology
design require cautious interpretation of these findings.
First, GTs provide normalized RSV rather than absolute
query count; therefore, cross-country comparisons of
magnitude are approximations, and the most defensible
analysis remains within-country temporal changes rather
than direct volume comparisons between nations. Second,
while summing semantically related terms approximates
aggregate public interest, this approach may introduce
bias if a single dominant term (such as “Calcium Score” in
the United States) disproportionately drives the trendline,
potentially masking the trajectories of strictly medical
terminology. Third, a critical clinical limitation exists within
the “Linguistic Gap” metric: In Western markets, colloquial
terms often refer to screening protocols (e.g., calcium
scoring), whereas medical terms refer to diagnostic
angiography. This suggests the observed divergence
may reflect a shift in clinical indication rather than solely
a linguistic preference. Fourth, search behavior data are
devoid of demographic details such as age, sex, or clinical
history, and they cannot confirm actual test utilization;
thus, the data reflect information-seeking intent, which
may be influenced by external variables such as media
cycles or anxiety rather than clinical need. Fifth, the “Visual
Shift” analysis tracks search interest on YouTube but cannot
measure video completion rates, viewer comprehension,
or content quality, distinguishing neither educational
material from promotional misinformation nor patient
testimonials from expert advice. Finally, the study is
restricted to the Google ecosystem; consequently, it does
not capture information-seeking behaviors on alternative
search engines or emerging visual platforms that may hold
significant market share in specific demographic groups.

Conclusion

Public awareness of CCTA has increased substantially over
the past 15 years, but with marked regional differences
in growth patterns, terminology usage, and preferred
information platforms. Our findings demonstrate that
public engagement with CCTA is frequently mediated
through colloquial or screening-oriented language and is
increasingly driven by video-based information seeking
rather than traditional web searches.These results highlight
the importance of aligning radiology communication
strategies with region-specific linguistic and digital
behaviors to improve public understanding and effective
utilization of advanced cardiac imaging.
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Abstract

Introduction: The aim of this study is to evaluate the 5-year publication outcomes of oral presentations presented at the
National Turkish Orthopedics and Traumatology Congresses between 2015 and 2019.

Methods: Abstract books of the National Turkish Orthopedics and Traumatology Congresses held between 2015 and 2019
were reviewed. Only oral presentations were included. Subsequent full-text publications were identified through systematic
searches of PubMed and Google Scholar using presentation titles and author names. Publications appearing within 5 years
after the congress were recorded. Identified articles were classified according to journal indexing status, quartile ranking, and
impact factor. Time to publication was calculated relative to the congress year.

Results: A total of 1677 oral presentations were evaluated. Of these, 772 (46.0%) were published as full-text articles within
5 years, including publications in both nationally indexed and internationally indexed journals. Publication rates differed
significantly across congress years (p=0.002). Among the published articles, 464 (60.1%) appeared in Science Citation Index
Expanded (SCIE)-indexed journals. Most publications occurred within the first 2 years after presentation. Quartile analysis
demonstrated a predominance of Q2 and Q3 journals, whereas Q1 publications constituted a smaller proportion. The mean
impact factor of SCIE publications varied by year, with the highest average observed in 2017.

Discussion and Conclusion: Nearly half of the oral presentations presented at the National Turkish Orthopedics and Trauma-
tology Congresses between 2015 and 2019 progressed to full-text publication within 5 years. The majority of these publica-
tions appeared in internationally indexed journals, while a smaller proportion were published in nationally indexed journals,
indicating that oral presentations at the national congress contribute meaningfully to the orthopedic literature.

Keywords: Congress abstracts; orthopedics; publications.

cientific congresses represent a primary venue for the  proportion of studies presented at meetings never reach

dissemination of early research findings and provide an  peer-reviewed publication [l Because of this limitation, the
opportunity for investigators to share preliminary results  proportion of congress presentations that subsequently
prior to journal publication. Nevertheless, the scientific  result in full-text publication has been widely adopted as
scrutiny applied to congress abstracts is inherently more  an indirect indicator of the academic quality and scientific
limited than that applied to full manuscripts, and a notable  impact of a meeting.
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Within orthopedic surgery, publication outcomes of oral
presentations have been examined at severalinternational
meetings. Analyses of podium presentations at the SICOT
Annual Conference revealed that only a minority of
presentations progressed to full-text publication within
5 years, with a relatively prolonged interval between
presentation and publication [2. Conversely, studies
evaluating large international orthopedic meetings
have reported substantially higher publication rates and
shorter times to publication, indicating marked variability
between congresses 31,

At the national level, the publication outcomes of abstracts
presented at the National Turkish Orthopedics and
Traumatology Congresses have also been investigated.
Prior studies demonstrated that a considerable proportion
of presented research failed to progress to full-text
publication and that publication rates varied across
different congress years [43]. Subsequent national analyses
further emphasized that reported publication rates
remained moderate and were limited by shorter follow-up
periods and the absence of detailed assessments of journal
indexing status and publication quality [©.

Accordingly, contemporary data focusing exclusively
on oral presentations and incorporating a standardized
5-year follow-up remain limited for the National Turkish
Orthopedics and Traumatology Congresses. The present
study was therefore designed to evaluate the 5-year
publication outcomes of oral presentations presented
between 2015 and 2019, with specific emphasis on
publication rates, time to publication, and the indexing
status and quality of the journals in which subsequent
publications appeared.

Materials and Methods

This observational study evaluated the publication
outcomes of oral presentations presented at the National
Turkish OrthopedicsandTraumatology Congressesbetween
2015 and 2019.The primary objective was to determine the
rate at which oral presentations were converted into full-
text articles within a 5-year period following the congress.
Abstract books from the 2015, 2016, 2017, 2018, and
2019 congresses were reviewed. Only oral presentations
were included in the analysis, while poster presentations,
instructional courses, panels, and invited lectures were
excluded. Presentation titles and author information were
extracted from the official congress records.

Each oral presentation was systematically searched
for subsequent publication using PubMed and Google
Scholar databases. Searches were conducted using
combinations of presentation titles, first author names,

and co-author names. When a potential match was
identified, abstracts, study design, sample size, and
primary outcomes were compared with the original
congress presentation to confirm concordance. If an
identified manuscript retained the same focus of the
initial abstract but had an altered title, it was considered
published. Publications that could not be confidently
matched to the original presentation were excluded.

A 5-year follow-up period after the congress date was
applied for each presentation to determine publication
status. Publications appearing beyond this period were
not included in the analysis. The time interval between the
congress and publication was recorded and categorized
according to the year of publication relative to the congress.

Identified publications were classified based on the
indexing status of the publishing journal as Science
Citation Index Expanded (SCIE)-indexed journals, other
international indexed journals, or national journals indexed
in TUBITAK ULAKBIM TR Dizin. Journals indexed in SCIE
were further categorized into quartiles (Q1-Q4) according
to Journal Citation Reports corresponding to the year of
publication.

Forarticles publishedin SCIE journals, journalimpact factors
were recorded, and mean, minimum, and maximum values
were calculated for each congress year. Data analysis was
descriptive in nature, with categorical variables presented
as frequencies and percentages, and continuous variables
expressed as mean values with ranges.

Statistical Analysis

Descriptive statistics were used to summarize the data.
Categorical variables were presented as frequencies
and percentages. Publication status (published versus
unpublished) was compared across congress years using
Pearson’s Chi-square test. The primary outcome measure
was the 5-year publication rate of oral presentations.
Variables related to journal indexing status, quartile
distribution, impact factor characteristics, and time to
publication were analyzed descriptively and presented
as frequencies, percentages, means, and ranges, as
appropriate. A value of p<0.05 was considered statistically
significant. Statistical analyses were performed using IBM
Statistical Package for the Social Sciences Statistics for
Windows, Version 29.0 (IBM Corp., Armonk, NY, USA).

Ethical Considerations

Ethics approval was not required for this study, as itinvolved
analysis of publicly available data from congress abstract
books and bibliographic databases, without the inclusion
of human participants or identifiable personal information.



350 Sibar et al., Five-Year Publication Outcomes of Oral Presentations / doi: 10.14744/hnh;j.2026.89725

Table 1. Year-based publication rates of oral presentations

Table 3. Quartile distribution of SCIE publications

Congress Total oral Published Publication
year presentations (n) articles (n) rate* (%)
2015 331 168 50.8
2016 316 168 53.2
2017 365 154 422
2018 358 160 44.7
2019 307 122 39.7
Total 1677 772 46

*: Publication rates were compared using Pearson’s Chi-square test (p=0.002).

Table 2. Indexing status of published articles by year

Congress Q1 Q2 Q3 Q4 Total SCI-
year n (%) n (%) n (%) n(%) expanded
n (%)
2015 14(12.5) 41(36.6) 52(46.4) 5(45) 112(100)
2016 6(63) 36(37.5 42(43.7) 12(125) 96 (100)
2017 15(15.6) 35(36.5) 38(39.6) 8(8.3) 96 (100)
2018 7(7.9) 32(36.4) 36(40.9) 13(14.8) 88(100)
2019 11(153) 20(27.8) 26(36.1) 15(20.8) 72(100)
Total 53(11.4) 164(35.4) 194(41.8) 53(11.4) 464 (100)

SCI: Science citation index.

Congress Science Other TR dizin Total Table 4. Impact factor characteristics of SCIE journals
year d:,':.:;'::,:ﬂ;d I?:SL?::‘();SI (%) publication Congress year Mean IF Minimum IF Maximum IF

(%) 2015 1.429 0.398 4292
2015 112 (66.7) 27 (16.1) 29(17.3) 168 2016 1.437 0.241 4.330
2016 96 (57.1) 29(17.3) 43 (25.6) 168 2017 2612 0.369 7.000
2017 96 (62.3) 14 (9.1) 44 (28.6) 154 2018 1.760 0.256 6.558
2018 88 (55) 18(11.3) 54 (33.8) 160 2019 1.898 0.480 5.284
2019 72(59) 21(17.2) 29(23.8) 122 Total 1.757 0.241 7.000
Total 464 (60.1) 109 (14.1) 199 (25.7) 772 SCIE: Science citation index expanded; IF: Impact factor.
Results

Table 5. Time to publication after congress

Between 2015 and 2019, a total of 1677 oral presentations
were delivered at the National Turkish Orthopedics and ;::fress S;’Rﬁ‘(’)e:r y:ar yeirs ye3ars ye‘;rs yesars
Traumatology Congresses. Of these, 772 presentations
were published as full-text articles within 5 vyears, 2015 29 >4 31 19 20 15
corresponding to an overall publication rate of 46.0% 2016 21 41 45 26 23 12
(Table 1). Publication rates varied across the study years, 2017 26 42 35 24 13 14
ranging from 39.7% to 53.2% across congress years. 2018 21 52 42 19 15 [
Publication rates differed significantly across congress 2019 19 4 27 17 13 5
years (Pearson’s Chi-square test, p=0.002). Despite year-to-  Total 116 230 180 105 84 57

year variability, approximately half of the oral presentations
were converted into full-text publications within the 5-year
follow-up period.

When publications were stratified by indexing status,
more than half of the published articles appeared in SCI-
Expanded-indexed journals, indicating that a substantial
proportion of oral presentations achieved international
visibility (Table 2). Publicationsin national journalsindexed
in “TUBITAK ULAKBIM TR-Index” constituted approximately
one-quarter to one-third of all publications, while a
smaller proportion appeared in other internationally
indexed journals.

Among SCIE publications, most articles were published in

Q2 and Q3 journals, whereas a smaller proportion appeared
in Q1 and Q4 journals (Table 3). This quartile distribution

OP: Oral presentation.

suggests that oral presentations were not only published,
but were frequently published in journals of moderate-
to-high scientific standing. The mean impact factor of
SCIE journals ranged from 1.429 to 2.612 across the study
period, with the highest mean impact factor observed in
2017 (Table 4).

Analysis of time to publication demonstrated that the
majority of articles were published within the first 2 years
following the congress. Publications occurring in the
same year as the congress or within 1 year constituted
a substantial proportion of all published articles, while
the number of publications decreased progressively in
subsequent years (Table 5).
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Discussion

High-quality orthopedic literature is fundamental for
evidence-based clinical decision-making, and scientific
congresses represent an important platform for
disseminating emerging research findings 7). Because
conference presentations often involve pre-publication
data, the future publication rate of congress abstracts
has been widely accepted as an indirect indicator of the
scientific quality of a meeting [28-11],

In the present study, 46% of oral presentations presented
at the National Turkish Orthopedics and Traumatology
Congresses between 2015 and 2019 progressed to full-
text publication within 5 years. The higher rates observed
in earlier congress years and relatively lower rates in later
years contributed to the observed statistical difference.
This overall publication rate includes publications in both
nationally indexed and internationally indexed journals
and therefore primarily reflects the overall scientific
productivity of the national congress rather than its
international visibility. Wheninterpreted within this context,
the observed rate is consistent with previously reported
publication ranges for orthopedic society meetings [2-31,

Analysis of publication timing demonstrated that the
majority of publications occurred within the first 2 years
following congress presentation, with a marked decline
thereafter. This finding aligns with previous reports
indicating that most presentations destined for publication
are typically published early, while the likelihood of
publication decreases substantially after the 3™ year [412],
The time required for conversion of oral presentations into
full-text publications is influenced by factors such as peer-
review processes, editorial revisions, and journal workload
(3], Consistent with earlier studies, the findings of the
present analysis support the adequacy of a 5-year follow-
up period, as most publications occur within the first 2
years after presentation ['314], In addition, the scientific
relevance and impact of studies presented at congresses
may evolve over time as new evidence emerges and the
literature continues to develop.

Journal quality represents an additional dimension when
evaluating the academic impact of congress presentations.
Theimpactfactor has beenwidely recognized asa surrogate
marker of journal quality, as higher-impact journals tend
to prioritize manuscripts that make substantial scientific
contributions U1316), In the present study, a substantial
proportion of published articles appeared in SCIE
indexed journals, supporting the academic value of oral
presentations at the national congress.

A notable contribution of this study is the evaluation of the
quartile distribution of journals publishing congress abstracts.

To the best of our knowledge, previous studies assessing
publication outcomes of orthopedic congress presentations
have not reported quartile-based analyses. The predominance
of Q2 and Q3 journals, together with the presence of Q1
publications, suggests that a considerable proportion of oral
presentations are published in journals of moderate-to-high
scientific standing, providing an additional perspective on
publication quality beyond indexing status alone.

Comparisons with international meetings should be
interpreted with caution. Direct comparison of overall
publication rates may be misleading, as national congress
analyses commonly include publications in nationally
indexed journals, whereas studies of international meetings
predominantly report publications appearing in SCIE and
other internationally indexed journals. When comparisons
are restricted to internationally indexed publications,
publication outcomes of the national congress become
more comparable with those reported for international
meetings 3131,

Methodological factors may influence reported publication
rates. Searching for publications using a single database
may lead to underestimation; therefore, the combined use
of PubMed and Google Scholar was preferred to improve
detection without introducing significant discrepancy
(17,181 Evaluating national congresses using international
indexing databases alone may also represent a limitation,
as some publications may appear in locally indexed or
non-indexed journals[4]. Despite these considerations, the
present study has several notable strengths, including the
exclusive evaluation of oral presentations, the application
of a standardized 5-year follow-up period, and the
comprehensive assessment of journal indexing status,
quartile distribution, and impact factor.

Limitations

Several limitations should be acknowledged. Some
publications may have been missed due to changes in
article titles, author order, or journal indexing over time,
and reliance on publicly available databases may have led
to underestimation of publication rates. Furthermore, some
presentations may have been substantially revised and
subsequently published under different titles, potentially
limiting accurate identification despite systematic search
strategies. Subspecialty-specific analyses were not performed
due to the lack of standardized subspecialty classification
across congress years, and the retrospective design limits
control over factors influencing publication outcomes.

Conclusion

Nearly half of the oral presentations presented at the
National Turkish Orthopedics and Traumatology Congresses



352 Sibar et al., Five-Year Publication Outcomes of Oral Presentations / doi: 10.14744/hnh;j.2026.89725

between 2015 and 2019 progressed to full-text publication
within 5 years, with a substantial proportion published in
SCIE indexed journals, highlighting the contribution of
the national congress to the orthopedic literature and
the importance of supporting the conversion of congress
presentations into high-quality peer-reviewed publications.
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Development and Temporal Validation of a Multimodal
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Abstract

Introduction: The aim of this study was to develop and temporally validate a multimodal machine learning model for
classifying clinically relevant flare-related activity during the 90 days preceding the index visit in patients with inflammatory
bowel disease (IBD).

Methods: This retrospective cohort study included 345 adults with IBD in clinical remission or with mild disease activity
who underwent routine ileocolonoscopy at a tertiary referral center between December 2025 and March 2026. Demo-
graphic, clinical, laboratory, endoscopic, histopathological, and patient-reported data were extracted from electronic
medical records for the 90-day pre-index period. The primary outcome was a composite of treatment intensification due
to symptomatic worsening, IBD-related hospitalization, or IBD-related surgery during that period. Least absolute shrink-
age and selection operator regression was used for feature selection in a development cohort (n=242). Three algorithms
- regularized logistic regression, random forest, and eXtreme Gradient Boosting (XGBoost) — were evaluated in a tempo-
rally distinct validation cohort (n=103) using area under the receiver operating characteristic curve (AUROC), calibration
metrics, and decision curve analysis.

Results: Flare-related activity was identified in 76 of 345 patients (22.0%). In the validation cohort, the multimodal XGBoost
model showed the best discriminative performance, with an AUROC of 0.84 (95% confidence interval [Cl], 0.77-0.91), sen-
sitivity of 78.0%, specificity of 73.8%, positive predictive value of 55.3%, and negative predictive value of 89.1%. The multi-
modal model outperformed unimodal models (clinical-only AUROC 0.66, laboratory-only 0.71, endoscopic-only 0.74, and
histology-only 0.69) and a baseline clinical model (AUROC 0.73). Calibration was good (Brier score 0.15), and decision curve
analysis demonstrated net benefit across clinically relevant thresholds.

Discussion and Conclusion: A multimodal model integrating routinely collected data demonstrated good performance in
classifying recent flare-related activity in IBD and outperformed single-modality approaches in a temporally distinct valida-
tion cohort. External validation is required before clinical implementation.
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nflammatory bowel disease (IBD), comprising Crohn’s

disease (CD) and ulcerative colitis (UC), is a chronic
relapsing-remitting condition associated with substantial
long-term morbidity and increasing healthcare burden
worldwide []. Despite major therapeutic advances and the
widespread adoption of treat-to-target strategies, acute
disease flares remain a major clinical challenge 2. These
episodes commonly result in hospitalization, systemic
corticosteroid exposure, and treatment escalation,
underscoring the need for tools that can better characterize
clinically meaningful disease destabilization [31.

In routine clinical practice, disease activity is typically
assessed using symptoms, biochemical markers such as
C-reactive protein (CRP) and fecal calprotectin, endoscopic
findings,and, whenavailable, histopathology [4-6]. Although
each modality provides clinically relevant information,
none fully captures the biological heterogeneity of IBD
when used in isolation. As a result, clinically meaningful
worsening may be underrecognized when decisions rely
on a single source of data.

Recent advances in artificial intelligence and machine
learning (ML) have created new opportunities for data-
driven assessment in IBD. Several ML-based models have
shown promise for clinically relevant outcomes such
as hospitalization, corticosteroid use, and surgery [7-9,
However, many published models remain limited by single-
center development, reliance on a single data modality, and
insufficient validation, which restrict confidence in their
robustness and real-world applicability ['0-12], Multimodal
data integration may help address these limitations.
Previous studies have shown that combined endoscopic
and histological remission is associated with better
outcomes than endoscopic remission alone ['3], Building
on this concept, multimodal approaches that integrate
complementary data sources may provide a more complete
representation of inflammatory burden than unimodal
models ['4], Nevertheless, models specifically designed to
classify recent flare-related activity within a clearly defined
and clinically relevant time window remain limited.

Against this background, we conducted a retrospective
cohort study to develop and temporally validate a
multimodal ML model to classify clinically relevant flare-
related activity during the 90 days preceding the index
visit in patients with IBD. We hypothesized that integrating
demographic, clinical, laboratory, endoscopic, and
histopathological variables would improve classification
performance compared with single-modality approaches.
Our aim was to evaluate whether routinely collected
multimodal data could support a more accurate and
clinically useful assessment of recent flare-related activity
in routine IBD care.

Materials and Methods

Study Design and Participants

This retrospective cohort study was conducted at a high-
volume tertiary referral center for IBD. Consecutive adults
who underwent routine outpatient ileocolonoscopy
between December 2, 2025, and March 2, 2026, were
screened. To capture recent disease destabilization
while maintaining temporal proximity to the index
assessment, baseline clinical, laboratory, endoscopic, and
histopathological data were ascertained from the 90-day
period preceding the index visit.

The study protocol was approved by the Institutional
Review Board of Kayseri City Hospital (Approval No. 671;
December 2, 2025), and the requirement for written
informed consent was waived because of the retrospective
use of de-identified clinical data. The study was conducted
in accordance with the principles of the Declaration of
Helsinki and was reported in accordance with the STROBE
statement for observational studies and relevant TRIPOD
guidance for prediction model research [15/16],

Adults aged 18 years or older with an established
diagnosis of UC or CD were eligible if they were in clinical
remission or had mild disease activity, defined as a simple
clinical colitis activity index (SCCAI) score of <4 for UC or
a Harvey-Bradshaw index (HBI) score of <7 for CD, and
underwent surveillance or disease activity assessment
ileocolonoscopy as part of routine care. Exclusion
criteria were acute severe flare requiring immediate
hospitalization, presence of an ileostomy or colostomy,
pregnancy, active malignancy, or missing essential
baseline data required for model development.

Predictor Domains and Outcome

Variables extracted from the electronic medical record were
organized into five prespecified domains: Demographic
and clinical variables (age, sex, Montreal classification,
disease duration, current and prior therapies, and prior
IBD-related surgery); patient-reported measures (SCCAI for
UC, HBI for CD, and the Short IBD Questionnaire [SIBDQ],
when available); laboratory biomarkers (CRP, erythrocyte
sedimentation rate, albumin, hemoglobin, platelet count,
and fecal calprotectin); endoscopic activity (UC endoscopic
index of severity [UCEIS] for UC and Simple Endoscopic Score
for CD [SES-CD] for CD); ['7.18] and histopathological activity.
For UC, histological activity was assessed using the Geboes
score, with remission defined as <2B.0 ['%, For CD, because
no universally adopted histological index is routinely
used in clinical practice, histological activity was recorded
as a pragmatic binary classification (active vs. quiescent
inflammation) based on the pathologist’s overall report (291,



Ozden and Kiremitci. ML Model for Recent IBD Flare Activity / doi: 10.14744/hnh;j.2026.89588 355

The primary outcome was clinically relevant flare activity
during the 90-day pre-index window, defined as a composite
of treatment intensification for symptomatic worsening,
including initiation of systemic corticosteroids or addition,
switch, or dose escalation of advanced therapy; IBD-related
hospitalization; or IBD-related surgery. This composite
endpoint was selected a priori to reflect clinically meaningful
escalation of care within the pre-index period. Outcome
status was determined by structured review of outpatient,
hospitalization, treatment, and procedure records.

The model was designed to classify flare-related activity
during the 90 days preceding the index visit; prediction
of subsequent flares was not evaluated. Predictor and
outcome assessment windows overlapped. The temporal
development-validation split referred to the calendar
dates of index visits, rather than separation of predictor
measurement from outcome occurrence. Restricting
preprocessing, imputation, feature selection, and
hyperparameter tuning to the development cohort was
intended to limit information leakage between datasets.
These procedures do not, however, exclude potential
targetleakage orincorporation bias within the assessment
window, because some predictors may reflect outcome-
related treatment changes or may have informed
treatment-intensification decisions. Performance
estimates therefore concern retrospective classification
of the composite outcome. Given the modest sample
size and single-center temporal validation, these findings
should be considered exploratory and do not establish
clinical utility or generalizability; independent external
validation is required.

Model Development and Validation

The analytic cohort comprised 345 patients, including
76 events (22.0%). Given the modest number of events
relative to the candidate predictor set, regularized feature
selection and a temporally separated validation strategy
were prespecified to reduce overfitting risk and enhance
model parsimony [21:22],

Patients with index visits between December 2, 2025,
and January 31, 2026, constituted the development
cohort (n=242), whereas those with index visits between
February 1 and March 2, 2026, formed the temporal
validation cohort (n=103). All preprocessing, imputation,
feature selection, and hyperparameter tuning were
performed exclusively within the development cohort,
and the final locked pipeline was then applied once to the
validation cohort.

Continuous variables were standardized, and categorical
variables were one-hot encoded. Missing data were

minimal (<5% for any variable) and were handled using
multivariate imputation by chained equations. To prevent
information leakage, imputation models were fitted
within the development cohort and then applied to the
validation cohort.

Feature selection was performed using least absolute
shrinkage and selection operator (LASSO) regression
with 10-fold cross-validation within the development
cohort only. No univariate pre-screening was performed.
Three algorithms were evaluated: Regularized logistic
regression with L1/L2 penalties, random forest, and
eXtreme gradient boosting (XGBoost). Class imbalance was
addressed using balanced class weights. Hyperparameters
were optimized using 5-fold cross-validation within the
development cohort, with the area under the receiver
operating characteristic curve (AUROC) used as the primary
optimization metric.

For comparative context, a baseline clinical model
incorporating age, disease type, CRP, fecal calprotectin, and
endoscopic activity score was also evaluated, together with
unimodal benchmark models based on clinical, laboratory,
endoscopic, and histopathological variables alone.

Performance Assessment and Statistical Analysis

Model discrimination was assessed using the AUROC with 95%
confidence intervals (Cls), together with sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and F1 score. Classification thresholds were determined
using the Youden index (sensitivity + specificity — 1).

Calibration of the final multimodal model was evaluated
using calibration plots, the Brier score, calibration intercept,
and calibration slope. Clinical utility was assessed using
decision curve analysis across clinically relevant threshold
probabilities.

Model performance was evaluated in the temporally
distinct validation cohort. All preprocessing, imputation,
feature selection, and hyperparameter tuning were
performed exclusively within the development cohort,
and the final locked pipeline was subsequently applied to
the temporal validation cohort to minimize information
leakage and provide an independent assessment of
model performance.

Continuous variables are presented as meanzstandard
deviation or median (interquartile range), as appropriate.
Group comparisons were performed using Student’s
t-test, the Mann-Whitney U-test, or the Chi-square test,
as appropriate. Analyses were performed using Python
version 3.9 with scikit-learn version 1.3 and XGBoost
version 1.7. All statistical tests were two-sided, and p<0.05
was considered statistically significant.
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Figure 1. Flow diagram of patient selection and temporal cohort allocation. Among 478 consecutive patients with inflammatory bowel dis-
ease assessed for eligibility between December 2, 2025, and March 2, 2026, 133 were excluded according to predefined criteria, and 345 were
included in the final analytic cohort. The analytic cohort was then temporally divided into a development cohort (n=242, index visits between
December 2,2025, and January 31, 2026) and a temporal validation cohort (n=103, index visits between February 1, 2026, and March 2, 2026).

Results

Patient Recruitment and Cohort Characteristics

Between December 2, 2025, and March 2, 2026, 478
consecutive patients with IBD were assessed for
eligibility. After application of predefined exclusion
criteria, 345 patients were included in the final analytic
cohort (Fig. 1).The final cohortincluded 204 patients with

UC (59.1%) and 141 with CD (40.9%). The mean age was
45.2+14.8 years, and 189 patients (54.8%) were female.
Baseline demographic, clinical, laboratory, endoscopic,
and histopathological characteristics are presented in
Table 1. Based on the predefined composite outcome
within the 90 days before the index visit, 76 patients
(22.0%) were classified as having recent clinically
relevant flare activity.

Table 1. Baseline characteristics of the study population according to recent clinically relevant flare activity during the 90-day pre-index

window
Characteristic Overall Recent flare activity No recent flare activity P
(n=345) (n=76) (n=269)
Age, years, mean+SD 45.2+14.8 44.1+£15.3 45.5+£14.6 0.45
Female sex, no (%) 189 (54.8) 44 (57.9) 145 (53.9) 0.53
Disease type, no (%)* 0.82
ucC 204 (59.1) 44 (57.9) 160 (59.5)
cb 141 (40.9) 32(42.1) 109 (40.5)
Disease duration, years, median (IQR) 7.5 (3.0-14.0) 8.0 (3.5-15.0) 7.0 (2.8-13.5) 0.32
Biologic therapy use, no (%) 165 (47.8) 40 (52.6) 125 (46.5) 0.35
Fecal calprotectin, pg/g, median (IQR) 165 (75-380) 320 (155-680) 125 (60-280) <0.001
CRP, mg/L, median (IQR) 4.2 (1.5-9.8) 7.8(3.2-15.4) 3.5(1.2-7.6) <0.001
UCEIS score* (UC only), median (IQR) 3(1-5) 5(3-7) 2(1-4) <0.001
SES-CD score$ (CD only), median (IQR) 6(2-11) 9(5-14) 5(2-9) <0.001
Histological remission*, no (%) 198 (57.4) 26 (34.2) 172 (63.9) <0.001

*: Histological remission was defined as Geboes score <2B.0 for ulcerative colitis and absence of active inflammation for Crohn’s disease; t:The p-value refers to the
comparison of ulcerative colitis and Crohn’s disease distribution between groups; ¥: Ulcerative colitis endoscopic index of severity; $: Simple endoscopic score for
Crohn’s disease. IQR: Interquartile range, SD: Standard deviation, UC: Ulcerative colitis, UCEIS: Ulcerative colitis endoscopic index of severity, CD: Crohn’s disease; SES-

CD: Simple Endoscopic Score for Crohn’s Disease.
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Table 2. Performance of machine learning models for classifying recent clinically relevant flare activity in the temporal validation cohort (n=103)

Model AUROC (95% CI) Sensitivity (%) Specificity (%) PPV (%) NPV (%) F1 score
Logistic regression 0.77 (0.68-0.86) 75.0 70.5 51.2 87.3 0.61
Random forest 0.80 (0.72-0.88) 76.7 726 535 88.5 0.63
XGBoost (multimodal model) 0.84 (0.77-0.91) 78.0 73.8 55.3 89.1 0.65

AUROC: Area under the receiver operating characteristic curve; Cl: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; XGBoost, eXtreme
Gradient Boosting. Classification thresholds were determined using the Youden index.

Table 3. Comparison of the multimodal model with unimodal benchmark models in the temporal validation cohort

AUROC (95% ClI) AAUROC versus final

multimodal model

Model type Key predictive variables

Multimodal (final) 0.84 (0.77-0.91) Reference Fecal calprotectin, endoscopic activity, histological
activity, CRP, albumin

Clinical-only benchmark model 0.66 (0.56-0.76) -0.18 Symptom score, prior hospitalization

Laboratory-only model 0.71 (0.61-0.81) -0.13 Fecal calprotectin, CRP, albumin

Endoscopic-only model 0.74 (0.65-0.83) -0.10 UCEIS or SES-CD

Histology-only model 0.69 (0.59-0.79) -0.15 Histological activity

AUROC: Area under the receiver operating characteristic curve; Cl: Confidence interval; CRP: C-reactive protein; UCEIS: Ulcerative colitis endoscopic index of severity;
SES-CD: Simple endoscopic score for Crohn’s disease. AAUROC indicates the difference in AUROC compared with the final multimodal model.

Baseline Characteristics According to Flare Status

Baseline characteristics according to flare status are
summarized in Table 1. Patients with recent flare activity
had a greater inflammatory burden. Median fecal
calprotectin levels were significantly higher in the flare
activity group than in the group without flare activity (320
pg/g [interquartile range; IQR, 155-680] vs. 125 pg/g [IQR,
60-280]; p<0.001). Similarly, median CRP levels were higher
in patients with recent flare activity (7.8 mg/L vs. 3.5 mg/L;
p<0.001). Endoscopic disease activity was also greater
in patients with recent flare activity, reflected by higher
UCEIS scores in UC and higher SES-CD scores in CD (both
p<0.001). Histological remission at the index assessment
was significantly less frequent among patients with recent
flare activity than among those without flare activity (34.2%
vs. 63.9%; p<0.001). No statistically significant differences
were observed with respect to age (p=0.45), sex (p=0.53),
disease duration (p=0.32), or biologic therapy use (p=0.35).

Feature Selection

From an initial set of 32 candidate predictors spanning
five prespecified data domains, LASSO regression with 10-
fold cross-validation was applied within the development
cohort (n=242). This regularization-based approach
retained 11 non-redundant predictors for inclusion in
the final multimodal model: Fecal calprotectin, CRP,
endoscopic activity score (UCEIS or SES-CD), histological
activity status, serum albumin, platelet count, disease
duration, current biologic therapy use, clinical symptom

score (SCCAI or HBI), SIBDQ score, and history of prior
IBD-related hospitalization.

Model Performance, Calibration, and Clinical Utility

Model performance was evaluated in the independent
temporal validation cohort (n=103), and the results are
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Figure 2. Calibration plot of the multimodal model in the temporal
validation cohort. The plot shows the agreement between predicted
and observed probabilities across risk strata. The solid orange line
represents the multimodal model, and the dashed diagonal line rep-
resents perfect calibration.
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Figure 3. Decision curve analysis of the multimodal model in the
temporal validation cohort. The solid blue line represents the multi-
modal model, the dashed orange line the treat-all strategy, and the
dotted green line the treat-none strategy. The multimodal model
provided greater net benefit than the treat-none strategy across
the evaluated thresholds and greater net benefit than the treat-all
strategy across most clinically relevant threshold probabilities.

summarized in Table 2. Among the evaluated algorithms,
the multimodal XGBoost model showed the highest
discriminative performance, with an AUROC of 0.84 (95%
Cl, 0.77-0.91). Random forest and regularized logistic
regression models yielded AUROCs of 0.80 (95% Cl, 0.72-
0.88) and 0.77 (95% Cl, 0.68-0.86), respectively. Using the
operating threshold determined by the Youden index, the
XGBoost model achieved a sensitivity of 78.0%, specificity
of 73.8%, PPV of 55.3%, and NPV of 89.1% for classification
of the composite flare status.

Calibration was satisfactory in the temporal validation cohort
(Fig. 2). The Brier score for the final XGBoost model was 0.15,
and the calibration intercept and slope were close to 0 and
1, respectively, indicating minimal systematic miscalibration.

Compared with benchmark approaches, the multimodal
XGBoost model demonstrated superior discriminative
performance relative to both the baseline clinical model
(AUROC 0.84 vs. 0.73) and all unimodal models (Table 3).
AUROC values for the unimodal models were 0.66 for the
clinical-only benchmark model, 0.71 for the laboratory-
only model, 0.74 for the endoscopic-only model, and 0.69
for the histology-only model. Integration of multiple data
modalities substantially improved discrimination, with
delta AUROC values ranging from 0.10 to 0.18 compared
with unimodal approaches.

Decision curve analysis showed that the multimodal
model provided greater net benefit than both treat-

all and treat-none strategies across a range of clinically
relevant threshold probabilities (Fig. 3). SHapley Additive
exPlanations analysis identified fecal calprotectin,
endoscopic activity score, histological activity status, CRP,
and serum albumin as the most influential predictors in
the final model.

Discussion

In this retrospective cohort study, we developed and
temporally validated a multimodal ML model to classify
flare-related activity within the 90-day period before the
index visit in patients with IBD who were in clinical remission
or had mild disease activity at the index assessment. By
integrating routinely available demographic, clinical,
laboratory, endoscopic, histopathological, and patient-
reported variables, the final model demonstrated
good discriminative performance (AUROC=0.84) in the
temporally independent validation cohort and consistently
outperformed unimodal benchmark approaches. Together,
these findings support the value of multidimensional
disease assessment for characterizing recent flare-related
activity in routine IBD care [211],

Interpretation of the Main Findings

The proportion of patients classified as having clinically
relevant flare-related activity during the 90 days before
the index visit was 22.0%, suggesting that the prespecified
90-day window captured a clinically meaningful burden
of recent disease destabilization. Such activity was
observed in both UC and CD, suggesting that the model
capturesimportant determinants of inflammatory burden
across the IBD spectrum rather than disease-specific
mechanisms alone.

Markers of inflammatory burden emerged as the dominant
predictors in the final model. Fecal calprotectin, endoscopic
activity scores, histological activity, and CRP were
consistently among the most influential variables. These
findings are consistent with previous evidence showing
that subclinical mucosal and histological inflammation is
closely associated with clinically relevant disease worsening
in IBD ['31. Emerging evidence also supports the feasibility
of artificial intelligence-assisted histological evaluation,
with performance in selected settings approaching that of
expert gastrointestinal pathologists [231,

Comparison with Previous ML Models in IBD

Previous ML-based models in IBD have mainly focused on
outcomes such as hospitalization, corticosteroid exposure,
orlong-termdisease progressionand have often usedsingle-
modality inputs or lacked temporally distinct validation
cohorts 35771, Although several studies have reported high
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discriminative performance in curated datasets, concerns
regarding bias, limited generalizability, and insufficient
validation have been repeatedly emphasized 111, While
the present study is likewise limited by its single-center
design, it differs from many earlier reports by incorporating
routinely collected multimodal clinical data and temporally
distinctvalidation.Inaddition, all preprocessing,imputation,
feature selection, and hyperparameter tuning were
restricted to the development cohort before application
of the locked pipeline to the validation cohort, reducing
concern about data leakage. Direct comparison with
unimodal models further demonstrated the added value
of multimodal integration, with AUROC improvements
ranging from 0.10 to 0.18. Consistent with this concept,
a recently published multimodal deep learning model
integrating histopathology, radiology, and clinical data
achieved strong discriminative performance for treatment-
response prediction in CD [24],

Although higher AUROC values have occasionally been
reported in highly selected cohorts or image-centric models,
such performance may not be reproducible in heterogeneous
real-world clinical settings %, The discriminative performance
observed in the present study likely represents a pragmatic
estimate of classification accuracy in routine IBD care.

Clinical Implications

Accurate identification of flare-related activity within the pre-
index window may support a more individualized approach
to IBD management. Patients with a higher estimated
probability of this activity may warrant closer reassessment,
intensified biomarker monitoring, or earlier therapeutic
review, particularly when residual inflammatory burden is
suspected despite apparently mild clinical status [325.26],

ThehighNPVobservedinthepresentstudy(89.1%)suggests
that the model may be useful for identifying patients with
a relatively low likelihood of flare-related activity. This may
help guide clinical prioritization and resource allocation in
routine practice. The moderate PPV (55.3%) likely reflects
the modest event prevalence in the cohort and indicates
that the model may be most appropriately interpreted as
a supportive classification aid, rather than as a standalone
trigger for treatment escalation.

Importantly, model evaluation should not rely on
discrimination alone. In the present study, calibration
analyses demonstrated good agreement between
estimated and observed probabilities, and decision curve
analysis suggested potential clinical utility across relevant
threshold probabilities. Together, these findings support the
potential role of the model as a clinical decision-support tool
in settings where multimodal data are routinely available.

Limitations

This study has several strengths. It used a multimodal
dataset derived from routine clinical care, included clinically
relevant endoscopic and histopathological variables, and
incorporated temporal validation in a distinct patient subset.
The use of a pragmatic composite outcome also reflects
clinically meaningful disease activity and escalation events.
In addition, the analysis followed established reporting
standards for observational studies (STROBE) and relevant
reporting principles for model development (TRIPOD),
strengthening transparency and reproducibility 13161,

Nevertheless, several limitations should be acknowledged.
First, the study was conducted at a single tertiary referral
center, which may substantially limit generalizability
to community-based practices or non-referral settings
where endoscopic and histopathologic data are less
uniformly available. Consequently, external validation in
independent, geographically diverse cohorts remains an
essential prerequisite before any consideration of broader
clinical implementation. Second, the retrospective design
introduces the possibility of incomplete recording, residual
confounding, and selection bias. Third, the composite
outcome, while clinically pragmatic, combines events of
differing severity (treatment intensification, hospitalization,
and surgery) and may be influenced by physician-
dependent decision-making. Future studies should
include sensitivity analyses evaluating individual outcome
components to better characterize model performance.
Fourth, the pragmatic binary histological classification
used for CD, although reflective of routine clinical practice,
may not capture the full granularity of formal histological
scoring systems 119201, Fifth, the model was developed
using a pre-index 90-day assessment window and therefore
should be interpreted as a classification tool for flare-related
activity within a defined pre-index period rather than as a
fully prospective long-term prediction model. Finally, the
temporal validation cohort was relatively small (n=103),
which may affect the stability of performance estimates;
larger validation samples would provide more precise Cls
around the reported metrics.

In addition, emerging data sources such as molecular
biomarkers, microbiome profiles, and wearable-derived
physiological data were not incorporated and may further

improve performance in future multimodal frameworks
[14,25]

Future Directions

Future studies should prioritize external validation across
diverse healthcare systems and geographic settings,
as emphasized in recent expert recommendations on
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predictive modeling in IBD UM, Further work is also
needed to assess transportability, calibration updating,
and integration into electronic health record-based
clinical decision-support systems [27.28] Future studies
should also define clinically actionable probability
thresholds and evaluate whether simplified or tiered
implementation strategies improve feasibility across
different care settings. Sensitivity analyses exploring
individual components of the composite outcome and
internal validation techniques such as bootstrapping
would further strengthen confidence in model robustness.
Prospective studies evaluating whether model-informed
monitoring strategies can improve patient-centered
outcomes would also be valuable.

Conclusion

In this retrospective cohort study, a multimodal ML model
integrating routinely collected clinical, biochemical,
endoscopic, histopathological, and patient-reported
data demonstrated good performance in classifying
flare-related activity within a defined pre-index 90-day
window in patients with IBD. Its consistent superiority
over unimodal approaches and good performance in a
temporally distinct validation cohort support the value
of multidimensional disease assessment. However, the
single-center design, lack of external validation, and
moderate PPV underscore that the model should currently
be viewed as a supportive classification framework -
particularly for identifying patients at lower likelihood of
recent flare-related activity - rather than as a standalone
treatment-directing tool. Prospective, multicenter
external validation is required to define its eventual role
in clinical decision-making.
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Abstract

Introduction: Metastatic bladder cancer (mBC) is associated with poor outcomes. Despite advances in immunotherapy and
targeted agents, platinum-based chemotherapy remains a cornerstone of treatment in real-world practice. We aimed to
identify pragmatic and readily available prognostic factors for risk stratification in patients with mBC.

Methods: This retrospective multicenter study included 121 patients with mBC treated at two high-volume oncology cen-
ters. Clinicopathological and laboratory parameters at the time of metastatic diagnosis were analyzed. The primary endpoint
was overall survival (OS).

Results: The median age was 66 years, and 90% of patients were male. The most common metastatic sites were abdominal
lymph nodes (71.9%), bone (52.9%), lung (41.3%), and liver (27.3%). On multivariable analysis, Eastern Cooperative Oncology
Group Performance Status >2 (hazard ratio [HR] 1.80 (1.04-3.14), p=0.036), low hemoglobin (HR 1.67 (1.01-2.77), p=0.046),
hypoalbuminemia (HR 2.08 (1.24-3.50), p=0.006), and leukocytosis (HR 2.26 (1.32-3.87), p=0.003) were independently asso-
ciated with inferior OS.

Discussion and Conclusion: Poor performance status, low hemoglobin levels, hypoalbuminemia, and leukocytosis at met-
astatic diagnosis are independent predictors of worse survival. These simple, cost-effective parameters may support risk
stratification and clinical decision-making, particularly in settings where access to novel therapies is limited.

Keywords: Hypoalbuminemia; leukocytosis; metastatic bladder cancer; overall survival; prognostic factors; real-world data.

laddercancer (BC) representsanaggressive malignancy,
typically diagnosed at a median age of around 73
years. Histologically, urothelial carcinoma represents the
predominant subtype of BC [, At initial presentation,
approximately one-third of patients have muscle-invasive
BC, whereas de novo metastatic disease is identified in a

smaller subset, comprising about 5% of cases. Moreover,
among those initially diagnosed with non-metastatic
disease, an estimated 20-25% will subsequently progress
to metastatic disease during the course of follow-up.
Despite advances in systemic therapies, clinical outcomes
remain suboptimal, with median progression-free
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survival (PFS) of around 7 months and overall survival
(0S) rarely exceeding 15 months [2]. Given the generally
poor prognosis of advanced BC, multiple treatment
modalities have been developed. Despite significant
progress in systemic treatment strategies, including
immune checkpoint inhibitors and targeted therapies,
their implementation in routine clinical practice remains
constrained. This is largely influenced by factors such as
patient selection, treatment eligibility, clinical feasibility,
and variability in healthcare resources. As a result, platinum-
based chemotherapy regimens, particularly those based
on cisplatin or carboplatin, continue to represent the
backbone of treatment for the majority of patients [:34],
In light of the consistently poor prognosis of advanced
disease and the increasing need for robust risk stratification
in clinical practice, multiple prognostic models have been
developed and validated for patients with metastatic
disease. Among the most consistently reported adverse
prognostic indicators are poor performance status and the
presence of visceral or bone metastases, which are strongly
associated with inferior survival outcomes. More recently,
increasingly refined prognostic models have incorporated
a broader spectrum of clinical and laboratory parameters,
enabling improved risk stratification and more reliable
survival prediction /6],

Given the limited availability of novel therapies, along
with real-world treatment constraints, patient selection
factors, and clinical feasibility, we aimed to identify adverse
prognostic factors associated with survival in patients
with metastatic BC (mBC) receiving platinum-based
chemotherapy through real-world data analysis.

Materials and Methods

Study Population and Data Collection

This retrospective study included 121 patients aged =18
years who were diagnosed with mBC and treated at two
high-volume oncology centers between 2009 and 2019.
Demographic and clinical data were extracted from
electronic health records. The primary endpoint was OS,
defined as the interval between the diagnosis of metastatic
disease and death from any cause or the last follow-up.
Baseline laboratory parameters at the time of metastatic
diagnosis included leukocyte, neutrophil, and lymphocyte
counts; neutrophil-to-lymphocyte ratio (NLR); hemoglobin;
platelet count; total bilirubin; albumin; C-reactive protein
(CRP); estimated glomerular filtration rate, calculated using
the Cockcroft-Gault equation; aspartate aminotransferase;
alanine aminotransferase; alkaline phosphatase (ALP); and
lactate dehydrogenase (LDH).

Statistical Analysis

Survival analyses were performed using the Kaplan-
Meier method. Comparisons in univariable analysis were
conducted using the log-rank test, and variables with
a p<0.10 in univariable analyses were considered for
inclusion in the multivariable Cox proportional hazards
model. Final variable selection also considered clinical
relevance and potential collinearity. For multivariable
analysis, Eastern Cooperative Oncology Group (ECOG)
performance status was dichotomized as 0-1 versus
>2 to distinguish patients with preserved versus poor
performance status and to avoid unnecessary model
complexity. For survival analyses, leukocyte, neutrophil,
lymphocyte, and platelet counts were dichotomized using
cut-offs of 10,000/uL, 6,000/uL, 1,000/uL, and 450,000/
uL, respectively; LDH was dichotomized at 220 U/L. NLR
was evaluated both individually and in combination.
Receiver operating characteristic (ROC) curve analysis
was performed to determine the optimal NLR cut-off
for survival analysis, which was identified as 5. Among
these, dichotomized leukocyte count demonstrated the
strongest prognostic performance and was therefore
included in the multivariable model. CRP and ALP were
excluded from the multivariable analysis because of
missing data (n=43 and n=14, respectively), while
univariable analyses were performed using the available
cases. Leukocyte count, as a surrogate marker of systemic
inflammation, was included. The proportional hazards
assumption was assessed using Schoenfeld residuals,
and no violation was identified. Missing data were not
imputed, and analyses were performed using available
data. Variables with substantial missingness were not
included in the multivariable model. The number of
observed events was considered when determining the
number of covariates included in the multivariable Cox
regression model to avoid model overfitting. A two-
sided p<0.05 was considered statistically significant. All
statistical analyses were performed using the Statistical
Package for the Social Sciences version 23.0 (IBM Corp.,
Armonk, NY, USA).

Ethical Statement

The study protocol was approved by the Institutional
Ethics Committee of Marmara University (Approval No:
09.2019.272, Date: March 01, 2019) and conducted in
accordance with local regulations, institutional guidelines,
and the principles outlined in the Declaration of Helsinki.

Results

In total, 121 patients were included, with a median age of
66 years, and a marked predominance of male patients
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Table 1. Patient demographics and clinical characteristics at study entry

Demographic or clinical characteristics n % | Demographic or clinical characteristics n %
Sex Adjuvant chemotherapy
Male 109 920 Yes 15 12
Female 12 10 No 106 88
Age, years BMI (kg/m?)
Mean 66+10.4 Median 24.5
Median 66.6 (range 17.9-45.6)
(range 37.8-88) Mean 25.3+44
Smoking Comorbidities
Yes 107 88 None 36 29.7
No 14 12 Hypertension 53 43.8
ECOG performance status Diabetes mellitus 27 223
0 30 25 Coronary artery disease 22 18.1
1 49 40.5 |  Others' 23 19.1
>2 42 34.5 | Histological subtype
Stage at initial diagnosis Urothelial carcinoma 86 71
NMIBC 17 14 Urothelial carcinoma with papillary diff. 17 14
MIBC 52 43 Urothelial carcinoma with squamous diff. 8 6.6
LN metastatic 21 17 Urothelial carcinoma with sarcomatoid diff. 4 33
Distant metastatic 31 26 Other? 6 49
CRT for localized disease Neoadjuvant CT regimens
Yes 21 17 Gemcitabine+Cisplatin 12 10
No 100 83 Gemcitabine+Carboplatin
Radical cystectomy Carboplatin+Etoposide 1 1
Yes 44 36 | Adjuvant CT regimens
No 77 64 Gemcitabine+Cisplatin 9 7
Neoadjuvant chemotherapy Gemcitabine+Carboplatin 3 23
Yes 19 16 Gemcitabine 2 1.2
No 102 84 Paclitaxel+Carboplatin 1 1

1: Asthma/COPD, hepatitis B/hepatitis C, chronic kidney failure, embolism/thrombosis, hearing impairment; 2: Squamous cell carcinoma, small cell carcinoma, large cell
carcinoma. Note 1: Patients could have multiple comorbidities; percentages were calculated using the total cohort (n=121) as the denominator. Note 2: Nine patients
received both radical cystectomy and chemoradiotherapy; therefore, 56 patients received at least one form of local bladder treatment. n: Numbers of patients; %: Per-
centage; ECOG: Eastern cooperative oncology group; NMIBC: Non-muscle invasive bladder cancer; MIBC: Muscle invasive bladder cancer; LN: Lymph node; BMI: Body

mass index; CRT: Chemoradiotherapy; CT: Chemotherapy; UC: Urothelial carcinoma.

(90%). During a median follow-up of 33.8 months (95%
confidence interval [Cl], 8.8-58.8), 89 patients (73.6%)
died and 32 patients (26.4%) were censored. The median
OS for the overall cohort was 10.03 months (95% Cl, 7.13-
12.93). At initial diagnosis, 26% of patients presented with
distant metastases, and 36% had undergone prior radical
cystectomy. Thirty-six patients (29.8%) did not receive
chemotherapy, whereas those who received systemic
therapy underwent a median of four cycles in both the first-
and second-line therapies. The majority of patients in the
cohort received systemic chemotherapy. Among the 29.8%
of patients who did not receive treatment, the main reasons
for not initiating chemotherapy were poor performance

status, rapid clinical deterioration after diagnosis,
significant comorbidities precluding chemotherapy, and
patient refusal. The most common sites of metastasis were
the abdominal lymph nodes (87/121,71.9%), bone (64/121,
52.9%), lung (50/121, 41.3%), and liver (33/121, 27.3%).
Baseline characteristics of the 121 patients with mBC are
summarized in Table 1, and laboratory parameters at the
time of initial detection of metastasis are presented in Table
2. 0S and the results of univariable analyses across patient
subgroups are shown in Table 3. ROC analysis identified an
NLR cut-off of 5, with an area under the curve of 0.712 (95%
Cl,0.61-0.81; p=0.001), a sensitivity of 64%, and a specificity
of 62.5%. Patients who had received local treatment



Alaca Topgu et al., Prognostic Factors in Advanced Bladder Cancer / doi: 10.14744/hnhj.2026.82997

Table 2. Laboratory parameters at the time of initial detection of
metastasis

Parameters (unit) Median (IQR)

Leukocytes (/uL) 7900 (6300-10750)
Neutrophils (/uL) 5500 (4050-7550)
Lymphocytes (/uL) 1410 (1100-1900)
Hemoglobin (g/dL) 11.1(9.1-12.7)
Platelets (/pL) 284000 (221000-349500)
Total Bilirubin (mg/dL) 0.5 (0.4-0.7)
Albumin (g/dL) 3.6 (3.0-4.0)

CRP (mg/L) 35(12.75-98.75)
eGFR (Cockcroft) (mL/min) 60.5 (45.00-84.75)
AST (U/L) 19 (14-27)

ALT (U/L) 15 (11-25)

ALP (U/L) 114 (88-182)
LDH (U/L) 220 (183.75-291.50)

CRP: C-reactive protein; eGFR: Estimated glomerular filtration rate; AST: Aspar-
tate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline Phospha-
tase; LDH: Lactate dehydrogenase.

(radical cystectomy or chemoradiotherapy; n=65) had a
shorter median OS than those who had not (n=56) (5.0 vs.
12.9 months, p=0.036). However, local treatment was not
independently associated with OS in the multivariable
analysis (p=0.083). Multivariable Cox regression analysis

Table 3. Overall survival and univariable analyses
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demonstrated that ECOG performance status =2 (hazard
ratio [HR] 1.80, p=0.036), low hemoglobin levels (HR
1.67, p=0.046), hypoalbuminemia (HR 2.08, p=0.006),
and leukocytosis (HR 2.26, p=0.003) were independently
associated with worse survival outcomes (Table 4).

Patients were stratified according to ECOG performance
status (0, 1, and >2), and survival outcomes were compared
across groups. Median OS was 12.6, 13.9, and 5.2 months
for patients with ECOG performance status 0, 1, and >2,
respectively. The overall difference in OS among the three
ECOG groups was statistically significant (log-rank p=0.002).
In exploratory unadjusted pairwise comparisons, there
was no statistically significant difference between ECOG 0
and ECOG 1 (p=0.270) or between ECOG 0 and ECOG =2
(p=0.051), whereas patients with ECOG >2 had significantly
shorter OS than those with ECOG 1 (p<0.001) (Fig. 1).

Patients were categorized according to leukocyte count as
<10,000/pL and >10,000/pL. Median OS was significantly
shorter in patients with leukocytosis (>10,000/pL) than
in those with leukocyte counts <10,000/pL (2.7 vs. 33.3
months, p<0.001; Fig. 2). Median OS was significantly
shorter in patients with hemoglobin <10 g/dL than in
those with hemoglobin =10 g/dL (5.2 vs. 12.6 months,
p=0.001; Fig. 3). Similarly, patients with albumin <3.5 g/dL
had shorter median OS than those with albumin =3.5 g/
dL (5.1 vs. 14.7 months, p<0.001; Fig. 4).

Risk factor Subgroups Median OS (months) p

Sex Female (n=12)/Male (n=109) 12.6/9.8 0.830
Age <66 (n=62)/>66 (n=59) 10.9/9.8 0.500
Comorbidity None or DM-HT (n=74)/Other comorbidity present (n=47) 9.5/12.3 0.730
BMI (kg/mz) 18.5-29.99 (n=101)/<18.5 or =30 (n=20) 11/5 0.230
ECOG PS 0 (n=30)/1 (n=49)/=2 (n=42) 12.6/13.9/5.2 0.002
Stage at initial diagnosis Localized (n=69)/de novo metastatic (n=52) 10/9.8 0.300
Local bladder treatment (RC or CRT) Yes (n=65)/No (n=56) 5/12.9 0.036
Leukocytes (/uL) <10000 (n=88)/>10000 (n=33) 33.3/2.7 <0.001
Neutrophils (/uL) <6000 (n=71)/>6000 (n=50) 13.5/5.1 0.002
Lymphocytes (/L) >1000 (n=101)/<1000 (n=20) 11.1/4.1 0.036
NLR <5 (n=79)/=5 (n=42) 12.6/2.7 0.001
Hemoglobin (g/dL) <10 (n=44)/210 (n=77) 5.2/12.6 0.001
Platelets (/pL) <450000 (n=104)/>450000 (n=17) 11.6/4.6 0.004
Albumin (g/dL) <3.5 (n=59)/=3.5 (n=62) 5.1/14.7 <0.001
CRP (mg/L) (n=78) <10 (n=15)/210 (n=63) NR/5.3 <0.001
ALP (U/L) (n=107) <120 (n=59)/>120 (n=48) 12.9/6.6 0.001
LDH (U/L) <220 (n=64)/>220 (n=57) 13.5/7.3 0.005
Liver metastasis Absent (n=88)/Present (n=33) 11.6/5.2 0.030

OS: Overall survival; BMI: Body mass index; ECOG PS: Eastern cooperative oncology group performance status; NLR: Neutrophil-lymphocyte ratio; CRP: C-reactive
protein; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; DM: Diabetes mellitus; HT: Hypertension.
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Table 4. Cox regression multivariable analysis for overall survival in metastatic bladder cancer

Parameter Comparison HR (95% Cl) P

ECOG PS >2 versus 0-1 1.80 (1.04-3.14) 0.036
Local therapy RC/CRT versus None 1.55(0.95-2.52) 0.083
Hemoglobin <10 versus 210 g/dL 1.67 (1.01-2.77) 0.046
Platelets >450000/<450000 /pL 1.05(0.51-2.14) 0.900
Albumin <3.5 versus =3.5 g/dL 2.08 (1.24-3.50) 0.006
LDH >220/<220 U/L 1.25(0.77-2.02) 0.660
Liver metastasis Present versus absent 1.39(0.84-2.28) 0.180
Leukocytes >10000/<10000 /uL 2.26 (1.32-3.87) 0.003

ECOG PS: Eastern Cooperative Oncology Group performance status; RC: Radical cystectomy; CRT: Chemoradiotherapy; LDH: Lactate dehydrogenase; Cl: Confidence

interval; HR: Hazard ratio.
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Figure 1. Kaplan-Meier curves for overall survival according to Eastern
Cooperative Oncology Group (ECOG) performance status. Median over-
all survival was 12.6 months for ECOG 0 (n=30), 13.9 months for ECOG 1
(n=49), and 5.2 months for ECOG >2 (n=42) (overall log-rank p=0.002).
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Figure 2. Overall survival (OS) according to leukocyte count. Median
OS was 33.3 months for leukocyte count <10,000/pL (n=88) and 2.7
months for leukocyte count >10,000/uL (n=33) (log-rank p<0.001).
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Figure 3. Overall survival (OS) according to hemoglobin level. Me-
dian OS was 5.2 months for hemoglobin <10 g/dL (n=44) and 12.6
months for hemoglobin =10 g/dL (n=77) (log-rank p=0.001).
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Figure 4. Overall survival (OS) according to albumin level. Median OS
was 5.1 months for albumin <3.5 g/dL (n=59) and 14.7 months for
albumin =3.5 g/dL (n=62) (log-rank p<0.001).
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Discussion

The prognosis of mBC remains poor. While
immunotherapies and targeted agents have expanded
the therapeutic landscape, platinum-based chemotherapy
continues to represent a cornerstone of treatment in real-
world clinical practice, driven by limitations in access to
novel therapies, patient selection, and clinical feasibility.
Using real-world data, we evaluated the impact of
clinicopathological characteristics at the time of metastasis
on survival outcomes. Our analysis demonstrated that
poor performance status, anemia, hypoalbuminemia,
and leukocytosis were independent predictors of adverse
prognosis, significantly reducing OS.

Recent studies have shown that pretreatment NLR and
platelet-to-lymphocyte ratio (PLR) are valuable prognostic
markers in mBC. A 2024 meta-analysis reported that elevated
NLR (typically>3.0) is consistently associated with poorer
survival outcomes. Similarly, Bozkurt et al. [ showed that
high NLR (>2.93) and PLR were predictive of inferior OS and
PFS in patients receiving first-line chemotherapy for mBC. In
our cohort, elevated NLR was associated with poorer OS in
the univariable analysis. However, because NLR is a composite
inflammation-based biomarker derived from peripheral blood
cell counts and may overlap with leukocytosis and other
inflammatory parameters, it was not included in the final
multivariable model to minimize collinearity. Leukocytosis,
which demonstrated a stronger and independent association
with survival, was retained in the final model.

Prognostic models in mBC consistently emphasize
the critical role of these factors in determining clinical
outcomes. Retrospective analyses of prospective phase
Il studies have identified ECOG performance status >0,
hemoglobin <10 g/dL, presence of liver metastases, and
time from prior chemotherapy as independent predictors
of 0S 91, In our cohort, although liver metastases did not
remain independently prognostic, poor ECOG performance
status and anemia remained strongly associated with worse
outcomes. These findings reinforce the robust prognostic
value of performance status and hemoglobin across
diverse patient populations, while suggesting that the
impact of liver metastases may be context-dependent and
influenced by patient selection and treatment strategies.

Visceral organ metastases have been consistently associated
with reduced OS and poorer prognosis in patients with BC
(510121 Among these, the liver is particularly notable due to
both its high frequency of involvement and the challenges it
presents for systemic therapy. Studies specifically evaluating
hepatic involvement have identified liver metastases as an
independent predictor of poor outcomes 91314l |n our
cohort, although liver metastases were associated with

worse outcomes in the univariable analysis, this association
did not persist in the multivariable analysis, suggesting that
their prognostic impact may be influenced by additional
patient- and treatment-related factors. Although local
treatment was associated with shorter OS in the univariate
analysis, this association did not remain significant in the
multivariable model. This finding should therefore be
interpreted cautiously and may reflect differences in patient
selection and disease course inherent to the retrospective
design rather than an adverse effect of local treatment itself.

In our analyses, various hematologic parameters — including
absolute leukocyte, neutrophil, and lymphocyte counts, as
well as dichotomized leukocyte values and NLR using the
ROC-derived cut-off of 5 — were evaluated individually.
Notably, leukocytosis (>10,000/uL) emerged as the most
powerful prognosticindicator, with leukocytosissignificantly
associated with poorer OS. These findings are consistent
with previous reports, including a study demonstrating that
patients with mBC and leukocyte counts exceeding 10,000/
uL experienced significantly worse survival 14, thereby
underscoring the prognostic significance of leukocyte-
based markers in this patient population.

The prognostic role of baseline clinical and laboratory
parameters in mBC has been extensively characterized.
Previous studies by Galsky et al. [/ demonstrated that
impaired ECOG performance status and leukocytosis were
consistently associated with significantly poorer survival,
regardless of whether these parameters were assessed
before 131 or after platinum-based chemotherapy. Building
on these findings, the same group recently developed
a comprehensive prognostic nomogram incorporating
performance status, the number of visceral metastatic sites,
white blood cell count, and radiologic response to first-line
therapy as independent predictors of post-first-line survival.
Our results are in line with this evidence, further highlighting
the prognostic importance of performance status and
leukocytosis in routine clinical practice. The concordance
between our cohortand these landmark studies underscores
the robustness of these variables as reliable indicators of poor
prognosis, even across populations with heterogeneous
treatment access and diverse socioeconomic contexts.

Prognostic determinants in patients undergoing second-
line or salvage chemotherapy for mBC have been
extensively explored. Pond et al. [ identified ECOG
performance status >1, low hemoglobin levels (<10 g/
dL), liver metastases, and shorter treatment-free intervals
as independent predictors of inferior survival outcomes.
Similarly, Salah et al. '”) identified ECOG >0, hemoglobin
<10 g/dL, and non-lymph node metastases as unfavorable
prognostic factors. Similarly, in a salvage chemotherapy
setting and after post-platinum, Sonpavde et al. [13.18]
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identified ECOG performance status >0, low hemoglobin
levels (<10 g/dL), and liver metastases as predictors of worse
outcomes. A short treatment-free interval (<3 months)
and hypoalbuminemia further contributed to adverse
prognosis. Consistent with these findings, our results also
demonstrated that impaired ECOG performance status,
lower hemoglobin, and reduced serum albumin were
significant predictors of poor prognosis. This concordance
highlights the validity and consistency of these clinical and
biochemical parameters across diverse therapeutic settings.

The introduction of immune checkpoint inhibitors (ICls)
has prompted extensive investigation into prognostic
determinants in patients receiving platinum-based
chemotherapy with or without ICls. Sonpavde et al. 13!
identified ECOG performance status >0, liver metastases,
elevated NLR, thrombocytosis,and increased LDH as adverse
prognostic factors in a validated five-factor model. In a first-
line ICI cohort, Khaki et al. [ reported that ECOG >1, liver
metastasis, low albumin, and NLR =5 were independently
associated with reduced survival, while Kobayashi et al.
(201 showed that ECOG >1, non-nodal metastases, low
hemoglobin, and elevated NLR were significant predictors
of poor outcomes in chemo-resistant patients treated with
pembrolizumab. The ARON-2 study further demonstrated
that these clinicopathological factors retain prognostic
significance in the immunotherapy setting, with ECOG >2
and liverorbone metastasesidentified asadverse prognostic
indicators in patients receiving pembrolizumab after
platinum-based chemotherapy 21, Similarly, Ruiz-Bafobre
et al. 221 and Bamias et al. [23] confirmed the prognostic
relevance of ECOG status, metastatic burden, hemoglobin,
albumin, and NLR, with risk stratification models yielding
clearly distinct survival outcomes. Collectively, these
findings, in line with our findings, underscore the robust
and consistent prognostic value of performance status and
systemicinflammatory markers across treatment modalities.

Although our cohort did not include patients treated with
immune checkpoint inhibitors (ICls), we similarly observed
that impaired ECOG performance status, anemia, and
hypoalbuminemia were independently associated with
decreased OS. The consistency of these findings with
prognostic models developed in the IClI era suggests a
persistent prognostic value of these readily available clinical
and biochemical parameters across different treatment
settings. Overall, these results indicate that performance status,
hemoglobin, and albumin may representimportant prognostic
factors in mBC, regardless of the therapeutic approach.

Limitations

Several limitations should be acknowledged, including
the retrospective design, modest sample size, and the

absence of molecular and genomic characterization -
such as PD-L1 expression, FGFR alterations, and tumor
mutational burden - which precludes direct comparison
with contemporary cohorts treated with targeted
therapies or immune checkpoint inhibitors. However,
since platinum-based chemotherapy remains widely used
in real-world clinical practice, our study is strengthened
by a well-characterized real-world population, robust
multivariable analyses, and a comprehensive evaluation
of clinical and laboratory parameters. Simple, low-cost
inflammatory biomarkers such as NLR and PLR may aid
in patient stratification, while anemia and performance
status remain critical for prognostic assessment and
management. Future prospective studies integrating
molecular profiling, liquid biopsy-based markers (e.g.,
circulating cell-free DNA), and immune-related signatures
are warranted to further refine risk stratification.

Conclusion

This real-world study in patients receiving platinum-based
chemotherapy identified ECOG performance status >2, low
hemoglobin levels, hypoalbuminemia, and leukocytosis as
independent predictors of poor prognosis in mBC. These
readily accessible and low-cost clinical and laboratory
parameters provide considerable value for risk stratification,
particularly in settings with limited access to advanced
diagnostic tools, and may support treatment planning,
patient communication, and the development of practical
prognostic models that reflect real-world clinical practice.
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Environmental Seizure Triggers and Ongoing Seizure Activity
in Adults with Epilepsy
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Abstract

Introduction: This study aimed to assess patient-perceived visual, auditory, and meteorological seizure triggers and examine
their associations with ongoing seizure activity in adults with epilepsy.

Methods: This single-center, cross-sectional study was conducted with 100 adults with epilepsy. We developed a structured
researcher questionnaire, which was used to conduct face-to-face interviews and included 12 environmental stimuli. These
were grouped as visual, auditory, and meteorological stimuli. Each stimulus was assessed using a 5-point Likert-type scale.
These scores were assessed in relation to ongoing seizures. To understand the relationship between the perception of envi-
ronmental stimuli and ongoing seizure activity, we performed multiple logistic regression analyses.

Results: Sixty-one percent of participants (95% Cl, 51.2-70.0%) reported at least one environmental stimulus as a trigger
“sometimes or more often” The most frequently reported stimuli were flashing lights (39%), bright sunlight (32%), sudden
loud sounds (30%), and hot weather (30%). Participants with ongoing seizures had higher visual, meteorological, and total
environmental trigger burden scores than those without ongoing seizures. Ongoing seizure activity was associated with
the reporting of an external trigger (adjusted odds ratio [aOR]=9.93; 95% confidence interval [Cl], 2.85-34.54; p<0.001). Each
5-point increase in the total environmental trigger burden score was associated with the occurrence of ongoing seizures
(aOR=1.39; 95% Cl, 1.02-1.88; p=0.035). Each additional ASM was independently associated with higher odds of ongoing
seizure activity (@OR=2.36; 95% Cl, 1.17-4.76; p=0.016).

Discussion and Conclusion: Many patients reported trigger stimuli when assessed in a structured manner. An increased
environmental trigger load was shown to have an independent correlation with ongoing seizure activity. Therefore, a formal,
structured assessment of environmental seizure triggers could provide additional information for routine epilepsy assess-
ments. Prospective studies using validated assessment tools and objective exposure assessments are warranted to better
define the possible clinical implications of these findings.

Keywords: Environmental seizure triggers; epilepsy; meteorological factors; seizure activity; seizure stimuli; visual stimuli.

pilepsy is a heterogeneous chronic neurological presence of internal and/or external factors that increase
condition characterized by recurrent seizure episodes. the likelihood of seizure episodes. The most commonly
This heterogeneity is evident in its different causes, clinical  cited factors include, but are not limited to, stress, sleep
manifestations, and responses to therapy. While recurrent  deprivation, fatigue, medication nonadherence, sensory
seizure episodes are perceived as spontaneous and stimulation, and environmental factors ['-3l Previous
unpredictable by the observer, many patients report the  questionnaire-based studies have demonstrated that
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patient-reported seizure triggers are frequent, indicating
that the assessment of these seizure triggers may provide
additional clinically relevant data beyond the standardized
collection of seizure data.

Among the many potential environmental factors, visual
stimuli have been the most extensively documented. These
include flashing lights, repetitive visual patterns, as well as
sunlight, television, and digital screens. Patient-reported
visual sensitivity is not the same as the electrophysiological
evaluation of photosensitivity. Clinical visual sensitivity
and the photoparoxysmal response (PPR) to intermittent
photic stimulation during electroencephalography (EEG)
represent different but related clinical phenomena 4. PPR
is documented in a minority of patients with epilepsy, and
variability in PPR is related to the epilepsy syndrome and
pharmacological therapy [*!. Extensive research has been
conducted on visual sensory stimuli as seizure-eliciting
factors. Auditory stimuli as seizure-eliciting factors, such as
sudden loud sounds or the startle response, have been less
extensively researched but may still elicit seizures (6,

Other environmental factors may include meteorological
factors. Temperature, atmospheric pressure, humidity, and
sudden changes in weather have all been studied in relation
to seizure incidence. Rakers et al. [”! found that lower levels
of atmospheric pressure were associated with a greater
incidence of seizures. In addition, in a study by Chang et al.
8], ]ow ambient temperature was found to be a considerable
meteorological risk factor for seizures. However, due to
factors such as climate, geography, the nature of epilepsy,
and methodology, findings may be inconsistent.

While there is more evidence regarding individual seizure
precipitants, larger studies have focused on general self-
reported triggers, laboratory-based photosensitivity, or
meteorological factors studied in isolation. There is a lack
of evidence examining visual, auditory, and meteorological
seizure precipitants withinthesamestudyandrelating these
patient-reported measures to ongoing seizure activity. This
study aims to address this gap by characterizing patient-
perceived environmental triggers in relation to ongoing
seizure activity in real-world clinical practice. EEG findings
were collected as descriptive clinical characteristics and
were not a primary analytical outcome of the study.

The aim of this study was to assess the frequency and burden
of patient-perceived visual, auditory, and meteorological
seizure triggers and to examine their associations with
ongoing seizure activity in adults with epilepsy. By focusing
on structured patient-reported environmental trigger
assessment alongside routine clinical information, this study
seeks to evaluate whether such assessment may provide
additional context for epilepsy management and counseling.

Materials and Methods

This single-center, cross-sectional observational study was
conducted at the Epilepsy Outpatient Clinic of Haydarpasa
Numune Research and Training Hospital, University of
Health Sciences, Tiirkiye. Data were collected between July
2,2026,and July 31,2026. Patients attending the outpatient
clinic for routine follow-up were consecutively approached
for participation. A separate screening log documenting
the exact number of patients assessed but not enrolled or
those who declined participation was not prospectively
maintained. The study was reported in accordance with
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) recommendations [,

Patients were eligible for inclusion if they were aged
>18 years, had a diagnosis of epilepsy according to the
International League Against Epilepsy (ILAE) clinical
definition 1%, were under neurological follow-up, had
sufficient cognitive capacity to understand and complete
the questionnaire, and provided written informed
consent. Patients with an uncertain diagnosis of epilepsy,
psychogenic nonepileptic seizures, exclusively acute
symptomatic seizures, significant cognitive impairment,
dementia oraphasia, inability to communicate or cooperate
adequately, or refusal to participate were excluded.

Sample Size

An a priori sample size calculation was performed using
G*Power version 3.1 UM The initial calculation was
based on a chi-square framework because the study was
designed to detect an association between two categorical
clinical characteristics, particularly ongoing seizure status
and the presence of a patient-reported external seizure
trigger. Assuming a medium effect size (w=0.30), a two-
sided a level of 0.05, 80% statistical power, and 1 degree
of freedom, the minimum required sample size was 88
participants. Although the subsequent analyses included
nonparametric group comparisons and multivariable
logistic regression to provide more detailed adjusted
estimates, the chi-square calculation was used as the initial
sample size framework for participant recruitment. To allow
forincomplete or unusable questionnaires, the recruitment
target was increased to 120 participants. Ultimately, 100
participants had complete and analyzable data, exceeding
the prespecified minimum sample size.

Data Collection and Assessment of Seizure Triggers

An investigator-developed questionnaire was used during
in-person interviews to collect data. Interviews lasted 5-10
minutes. The demographic and clinical variables included
age, sex, epilepsy duration, ongoing seizure status, and the
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number of antiseizure medications (ASMs). According to
the structured questionnaire, ongoing seizure status was
recorded as “yes” or “no” (binary).

Available EEG reports were classified as normal, non-
epileptiform abnormality, or epileptiform abnormality
based on the report text. The presence of a photosensitive
epileptiform response was recorded separately.

"

In the first stage, participants answered “yes," “no,” or “not
sure” regarding whether they perceived an external seizure
trigger and, if so, what the trigger was. In the second stage,
all participants rated 12 environmental stimuli grouped into
three categories. The first category (visual) comprised four
stimuli (flashing lights, traffic lights, phone/TV screens, and
bright sunlight). The second category (auditory) comprised
three stimuli (vehicle horns, sirens, and loud sounds).
The meteorological category comprised five stimuli: hot
weather, cold weather, sudden weather changes, rainy
weather, and windy weather.

Selection of the stimuli was based on factors reported in
the literature as patient-perceived seizure triggers, reflex
seizure triggers, and seizure-associated meteorological
factors [1:6-8],

Participants rated the stimuli on a 5-point scale, where 0,
1,2, 3, and 4 corresponded to “never," “rarely,’ “sometimes,’
“often,” and “always,” respectively. Participants rated each
stimulus and answered an open-ended question regarding

perceived external seizure triggers.

Domain-specific trigger burden scores were calculated
by summing the corresponding item scores, yielding
possible ranges of 0-16 for visual triggers, 0-12 for
auditory triggers, and 0-20 for meteorological triggers.
A total environmental trigger burden score ranging
from 0 to 48 was calculated by summing all 12 items. For
item-level analyses, responses =2 (“sometimes,” “often,”
or “always”) were considered indicative of a perceived
trigger, and the number of stimuli meeting this threshold
was calculated for each participant (range, 0-12). These
indices were developed for the present study and were
not considered validated clinical scales.

Statistical Analysis

Summary statistics for categorical variables were expressed
as frequencies and percentages. Continuous variables were
evaluated for distribution using histograms, Q-Q plots,
and the Shapiro-Wilk test. Variables showing non-normal
distributions, including age and epilepsy duration, were
presented as medians and interquartile ranges (IQRs).
Trigger burden indices additionally exhibited considerable
zeroinflation and violations of normality and were therefore
also presented as medians and IQRs.

For participants with and without ongoing seizures,
trigger burden indices were compared using the Mann-
Whitney U test. For the perception of general external
triggers, the “no,” “yes,’” and “uncertain” groups were
evaluated using the Kruskal-Wallis test. If a significant
result was detected with the Kruskal-Wallis test, Dunn-
based pairwise post hoc comparisons with Bonferroni

correction were subsequently conducted.

Because the five comparisons were based on overlapping
measures derived from the same 12 items, Holm's
sequential Bonferroni procedure was applied to the five
unrounded Mann-Whitney U test p values to control the
family-wise error rate. For item-level proportions, 95%
confidence intervals were calculated using the Wilson
score method. Rank-biserial correlation was reported as
the effect-size measure for Mann-Whitney U comparisons,
with positive values indicating higher scores in participants
with ongoing seizures. Exploratory item-level associations
between each binary trigger indicator (“sometimes or more
often” vs. “never/rarely”) and ongoing seizure status were
evaluated using Fisher’s exact test, with Holm adjustment
across the 12 item-level tests.

Cronbach’s alpha coefficients for the visual, auditory,
meteorological, and total trigger indices were calculated
descriptively. Agreement between the general external-
trigger question and item-derived binary indicators was
evaluated using percentage agreement and Cohen’s
kappa coefficient for two thresholds (any item rated at
least “rarely” and any item rated at least “sometimes”);
participants who answered “uncertain” to the general
question were excluded from these agreement analyses.
For the open-ended responses, investigators grouped
responses according to content similarity, and a single
response could be included in several groups.

For the external trigger perception multivariable binary
logisticregression analysis, external trigger perception (“yes”
vs.“no”) was the dependent variable, and participants who
were “uncertain” were excluded from the primary analysis.
Ongoing seizure activity was the primary independent
variable. Age and sex were included as prespecified
demographic adjustment variables, while the number of
ASMs was included as a prespecified indicator of treatment
burden. These covariates were selected a priori to provide
a parsimonious adjustment set for potential demographic
and clinical confounding. The number of ASMs was entered
as a continuous variable, such that its adjusted odds
ratio represents the change in odds associated with each
additional ASM. Epilepsy duration was not added as an
additional covariate because the number of outcome events
in the primary model was limited; avoiding an additional
parameter reduced the risk of overparameterization.
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In the second model, the total environmental trigger
burden score was the main independent variable, and
ongoing seizure activity was the dependent variable. The
same prespecified adjustment variables—age, sex, and
number of ASMs—were retained, with the number of
ASMs entered as a continuous variable. Due to the limited
available sample size and number of outcome events, the
number of predictors was deliberately limited.

The two regression models were specified to address
two distinct research questions. Model A examined
whether ongoing seizure activity was associated with the
likelihood of reporting an external seizure trigger, whereas
Model B examined whether a greater patient-perceived
environmental trigger burden was associated with the
likelihood of ongoing seizure activity. Because the study
was cross-sectional, the designation of dependent and
independent variables was analytical rather than temporal
or causal; the models were intended to characterize
complementary associations and not to establish
directionality or causation.

Multivariable logistic regression analyses were performed
using the Enter method. Age was modeled per 10-year
increase for clinical interpretability, the total trigger
burden score was modeled per 5-point increase, and
the number of ASMs was modeled per one-medication
increase. Multicollinearity was evaluated by estimating
variance inflation factors in linear regression models that
included the same predictors. Adjusted odds ratios (aORs)
with 95% Cls and two-sided p values were reported. The
maximum variance inflation factor (VIF) was reported for
each multivariable model.

Overall model fit was assessed using the omnibus
likelihood-ratio chi-square test, the Hosmer-Lemeshow
test, and Nagelkerke R’ Discriminative performance was
assessed using the area under the receiver operating
characteristic curve (AUC/c-statistic). Sensitivity analyses
were performed with “uncertain” responses coded as “no”
and as “yes” in separate analyses. Nonparametric 95%
confidence intervals for the AUC estimates were calculated

using DelLong’s method.

IBM SPSS Statistics version 26.0 was used for all statistical
analyses. All tests were two-sided, with statistical
significance set at p<0.05.

Ethical Considerations

The study was conducted in accordance with the principles
of the Declaration of Helsinki. Participants provided
written informed consent, and the study was approved
by the Ethics Committee for Non-interventional Clinical
Studies of University of Health Sciences, Haydarpasa

Table 1. Demographic and clinical characteristics of the study
population (n=100)

Characteristic Value
Age, years 35.5(27.8-45.2)
Age range, years 19-78
Male sex 42 (42.0)
Female sex 58 (58.0)
Duration of epilepsy, years 15.0 (8.0-23.0)
Ongoing seizures: No 58 (58.0)
Ongoing seizures: Yes 42 (42.0)
Perception of an external trigger: No 35 (35.0)
Perception of an external trigger: Yes 36 (36.0)
Perception of an external trigger: Uncertain 29 (29.0)
Number of ASMs 1.0 (1.0-2.0)
One ASM 59 (59.0)
Two ASMs 30(30.0)
Three or four ASMs 11(11.0)
EEG: Normal 47 (47.0)
EEG: Non-epileptiform abnormality 15(15.0)
EEG: Epileptiform abnormality 38(38.0)
Photic-sensitive epileptiform response 8(8.0)

Values are presented as n (%) or median (interquartile range), unless otherwise
indicated. EEG categories were derived from the free-text EEG report field. ASM:
Antiseizure medication; EEG: Electroencephalography.

Numune Research and Training Hospital, Tiirkiye, on June
2, 2026 (approval no. HNEAH-GOAEK/KK/2026/119). Direct
personal identifiers were removed from the analytical
dataset, and all data were used for scientific purposes.

Results

Recruitment was completed at the end of the planned data-
collection period before the target of 120 participants was
reached. A total of 100 eligible participants were enrolled,
and all 100 had complete data for the structured study
variables and were included in the final analyses. The results
are presented according to the demographic and clinical
characteristics of the study population, the distribution of
environmental seizure triggers, comparisons according to
ongoing seizure status, and multivariable regression analyses.

Demographic and Clinical Characteristics of the
Study Population

The demographic and clinical characteristics of the
participants are presented in Table 1. The median age was
35.5years (IQR, 27.8-45.2), with an age range of 19-78 years,
and the median duration of epilepsy was 15.0 years (IQR,
8.0-23.0). Women comprised 58.0% of the study population.
Ongoing seizures were reported by 42.0% of participants.
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Table 2. Distribution of self-reported environmental seizure triggers (n=100)

Domain Trigger Never/Rarely, Sometimes or more often,
n (%) [95% Cl] n (%) [95% Cl]
Visual Flashing lights 61(61.0) [51.2-70.0] 39 (39.0) [30.0-48.8]
Traffic lights 91 (91.0) [83.8-95.2] 9(9.0) [4.8-16.2]
Smartphone/television screens 76 (76.0) [66.8—-83.3] 24 (24.0) [16.7-33.2]
Bright sunlight 68 (68.0) [58.3-76.3] 32(32.0) [23.7-41.7]
Auditory Vehicle horns 82 (82.0) [73.3-88.3] 18(18.0) [11.7-26.7]
Sirens 78 (78.0) [68.9-85.0] 22(22.0) [15.0-31.1]
Sudden loud sounds 70 (70.0) [60.4-78.1] 30 (30.0) [21.9-39.6]
Meteorological Hot weather 70 (70.0) [60.4-78.1] 30 (30.0) [21.9-39.6]
Cold weather 92 (92.0) [85.0-95.9] 8(8.0) [4.1-15.0]
Sudden weather changes 83 (83.0) [74.5-89.1] 17 (17.0) [10.9-25.5]
Rainy weather 95 (95.0) [88.8-97.8] 5(5.0)[2.2-11.2]
[

Windy weather

92 (92.0) [85.0-95.9] 8(8.0) [4.1-15.0]

The category “sometimes or more often” included responses of sometimes, often, and always. The 95% confidence intervals for proportions were calculated using the

Wilson score method. n: Number of participants.

Table 3. Comparison of environmental trigger burden according to ongoing seizure status

Trigger measure Ongoing seizures No ongoing seizures U (r_rb) Holm-adjusted
(n=42) (n=58) p

Visual trigger score (0-16) 4.5 (1.0-6.8) 0.5 (0.0-4.0) 774.0 (0.365) 0.007

Auditory trigger score (0-12) 0.0 (0.0-5.8) 0.0 (0.0-2.0) 1016.0 (0.166) 0.098

Meteorological trigger score (0-20) 2.0 (0.0-6.8) 0.0 (0.0-1.0) 817.5(0.329) 0.007

Total trigger burden score (0-48) 6.5(3.0-19.2) 2.0 (0.0-9.0) 771.5(0.367) 0.007

Number of triggers reported sometimes or more often (0-12) 3.0 (1.0-6.0) 0.5 (0.0-2.8) 815.5(0.330) 0.007

Values are presented as median (interquartile range). U denotes the smaller Mann-Whitney U statistic reported by SPSS. Values in parentheses are rank-biserial correla-
tions (r_rb). Holm-adjusted p values were calculated from the unrounded two-sided asymptotic p values across the five overlapping comparisons. Positive r_rb values
indicate higher scores in participants with ongoing seizures. IQR: Interquartile range; SPSS: Statistical package for the social sciences.

Regarding the general perception of external seizure
triggers, 36.0% of participants reported that their seizures
were triggered by an external factor, 35.0% reported
no such trigger, and 29.0% were uncertain. The median
number of ASMs was 1.0 (IQR, 1.0-2.0). Overall, 59.0% of
participants were receiving one ASM, 30.0% were receiving
two ASMs, and 11.0% were receiving three or four ASMs.

EEG findings were classified as normal in 47.0% of
participants, non-epileptiform abnormal in 15.0%,
and epileptiform abnormal in 38.0%. A photosensitive
epileptiform response was identified in 8.0% of participants.

Distribution of Environmental Seizure Triggers

The distribution of visual, auditory, and meteorological
triggers according to the predefined threshold of “never/
rarely”versus“sometimes or more often”is shown in Table 2.

At least one specific trigger rated as occurring “sometimes
or more often” was reported by 61 participants (61.0%;
95% Cl, 51.2-70.0%). At this threshold, the most frequently

reported triggers were flashing lights (39.0%), bright
sunlight (32.0%), sudden loud sounds (30.0%), and hot
weather (30.0%). Rainy weather (5.0%), cold weather (8.0%),
and windy weather (8.0%) were reported less frequently.

Environmental Trigger
Ongoing Seizure Status

Burden According to

Environmental trigger burden scores were compared
between participants with and without ongoing seizures
(Table 3).

Participants with ongoing seizures had significantly
higher visual trigger scores than those without ongoing
seizures (median 4.5 [IQR, 1.0-6.8] vs. 0.5 [IQR, 0.0-4.0];
U=774.0; unadjusted p=0.001). Meteorological trigger
scores were also significantly higher among participants
with ongoing seizures (2.0 [0.0-6.8] vs. 0.0 [0.0-1.0];
U=817.5; unadjusted p=0.002).

Similarly, the total environmental trigger burden score was
higher in participants with ongoing seizures (6.5 [3.0-19.2]
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Table 4. Multivariable binary logistic regression analyses

375

Panel A. Factors associated with patient-reported external-trigger perception (“yes” vs.“no”; n=71)

Predictor aOR 95% CI P

Ongoing seizures: Yes vs. No 9.93 2.85-34.54 <0.001
Age, per 10-year increase 1.15 0.72-1.84 0.565
Female sex vs. male 1.54 0.47-4.98 0.473
Number of ASMs, per additional ASM 1.61 0.67-3.85 0.287

Twenty-nine participants who responded “uncertain” were excluded from the primary model. Overall model: omnibus x*(4)=23.80, p<0.001;
Nagelkerke R’=0.380; Hosmer-Lemeshow p=0.600; AUC=0.811. The 95% Cl for the AUC was 0.706-0.916; maximum VIF=1.21. The AUC 95%
Cl was estimated using DeLong’s method; the reported maximum VIF refers to the model predictors (intercept excluded).

Panel B. Factors associated with ongoing seizure activity (N=100)

Predictor aOR 95% Cl p

Total trigger burden score, per 5-point increase 1.39 1.02-1.88 0.035
Age, per 10-year increase 1.39 0.97-1.99 0.073
Female sex vs. male 043 0.17-1.12 0.084
Number of ASMs, per additional ASM 2.36 1.17-4.76 0.016

Across both models, age was modelled per 10-year increase and number of ASMs as a continuous variable per additional ASM; in Panel B,

total trigger burden was modelled per 5-point increase. Odds ratios were adjusted for all variables shown in the model. Overall model: omni-

bus x*(4)=25.53, p<0.001; Nagelkerke R?=0.303; Hosmer-Lemeshow p=0.636; AUC=0.742. The 95% Cl for the AUC was 0.640-0.844; maximum
VIF=1.23.The AUC 95% Cl was estimated using DeLong’s method; the reported maximum VIF refers to the model predictors (intercept excluded).

aOR: Adjusted odds ratio; Cl: Confidence interval; ASM: Antiseizure medication; AUC: Area under the receiver operating characteristic curve; VIF: Variance inflation
factor; x: chi-square; R% Coefficient of determination; n/N: number of participants; p: probability value.

vs. 2.0 [0.0-9.0]; U=771.5; unadjusted p=0.001), as was
the number of triggers reported as occurring “sometimes
or more often” (3.0 [1.0-6.0] vs. 0.5 [0.0-2.8]; U=815.5;
unadjusted p=0.004). In contrast, auditory trigger scores
did not differ significantly between the groups (0.0 [0.0-
5.8] vs. 0.0 [0.0-2.0]; U=1016.0; unadjusted p=0.098). After
Holm correction for the five overlapping comparisons, the
visual, meteorological, total burden, and trigger-count
comparisons remained statistically significant (adjusted
p=0.007 for each), whereas the auditory comparison
remained non-significant (adjusted p=0.098).

Rank-biserial correlations for the visual, auditory,
meteorological, total trigger burden, and trigger-count
comparisons were 0.365, 0.166, 0.329, 0.367, and 0.330,
respectively; positive values indicated higher scores in
participants with ongoing seizures.

Multivariable Regression Analyses

Factors independently associated with perceived external
seizure triggers and ongoing seizure activity were
examined using two separate multivariable binary logistic
regression models (Table 4).

In the first model, which evaluated patient-reported
external-trigger perception (“yes” vs. “no”; n=71),
ongoing seizure activity was independently associated

with reporting an external trigger (adjusted odds ratio

[aOR]=9.93; 95% Cl, 2.85-34.54; p<0.001). Age, sex, and
number of ASMs were not independently associated
with external-trigger perception. The overall model was
statistically significant (omnibus x*[4]=23.80; p<0.001),
with a Nagelkerke R®> of 0.380, Hosmer-Lemeshow
p=0.600,and an AUC of 0.811. Participants who responded
“uncertain” (n=29) were excluded from this primary
model. The 95% Cl for the AUC was 0.706-0.916, and the
maximum VIF was 1.21.

In the second model, ongoing seizure activity was the
dependent variable. Each 5-point increase in the total
environmental trigger burden score was independently
associated with higher odds of ongoing seizures
(@OR=1.39; 95% Cl, 1.02-1.88; p=0.035). In addition,
each additional ASM was associated with higher odds
of ongoing seizures (aOR=2.36; 95% Cl, 1.17-4.76;
p=0.016). Age and sex were not independently associated
with ongoing seizure activity. The overall model was
statistically significant (omnibus x’[4]=25.53; p<0.001),
with a Nagelkerke R* of 0.303, Hosmer-Lemeshow
p=0.636, and an AUC of 0.742.The 95% Cl for the AUC was
0.640-0.844, and the maximum VIF was 1.23.

Sensitivity and Additional Analyses

The association between ongoing seizure activity and
patient-reported external-trigger perception remained
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statistically significant in sensitivity analyses addressing the
“uncertain” responses. When “uncertain” responses were
recoded as“no,’ongoing seizures remained associated with
external-trigger perception (aOR=3.75; 95% Cl, 1.42-9.86;
p=0.007). When “uncertain” responses were recoded as
“yes,” the association also remained significant (aOR=9.24;
95% Cl, 2.76-30.89; p<0.001) (Appendix 1).

Visual, auditory, meteorological, total trigger burden,
and trigger-count indices differed significantly across the
three categories of general external-trigger perception.
In  Bonferroni-adjusted Dunn pairwise comparisons,
participants who reported no external trigger had lower
values than both those who reported an external trigger
and those who were uncertain, whereas no statistically
significant differences were observed between the “yes”
and “uncertain” groups (Appendix 2).

Exploratory item-level associations with ongoing seizure
activity are presented in Appendix 3. After Holm adjustment
across the 12 item-level tests, hot weather (adjusted
p=0.021) and sudden weather changes (adjusted p=0.027)
remained statistically significant; the other item-level
comparisons did not remain significant after multiplicity
correction.

Cronbach’s alpha coefficients for the visual, auditory,
meteorological, and total trigger indices were 0.791,
0.932, 0.843, and 0.908, respectively (Appendix 4).
Because the trigger indices were markedly zero-inflated,
these coefficients were interpreted descriptively. In
particular, the very high alpha for the three-item auditory
domain may partly reflect redundancy among the items
rather than uniformly high internal consistency, and the
total 12-item alpha should not be interpreted as evidence
of a single unidimensional construct because the items
represent three distinct trigger domains. Agreement
between the general external-trigger question and
reporting at least one item as occurring “sometimes or
more often” was 83.1%, with a Cohen’s kappa coefficient
of 0.662 (Appendix 5).

Among the 37 participants who reported additional
triggers in the open-ended question, the most frequently
identified categories were stress/emotional factors
(70.3%) and sleep deprivation/insufficient sleep (35.1%)
(Appendix 6).

Discussion

This study examined perceived environmental seizure
triggers among adults with epilepsy. Of the participants,
61% reported specific triggers occurring at least“sometimes
or more often,” with flashing lights, bright sunlight, sudden
loud sounds, and hot weather being the most commonly

reported stimuli. Participants who experienced ongoing
seizures had higher visual, meteorological, and total trigger
burden scores. In the multivariable analysis, the strongest
association with reporting a perceived external trigger was
ongoing seizure activity. In addition, a higher total trigger
burden and a greater number of prescribed ASMs were
associated with ongoing seizure activity.

The trigger reporting in our cohort is comparable with
previous research, which also documented that a large
proportion of individuals with epilepsy report at least
one seizure-precipitating factor. Additionally, other recent
studies have documented a wide range of patient-reported
seizure triggers ['2 and emphasized the importance of
structured assessments 113l One important finding of
our research was that, with a general trigger question,
approximately 36% of participants reported a perceived
external trigger. However, with the structured item-based
assessment, 61% of participants reported at least one
specific trigger. Thus, our findings suggest that perceived
triggers may remain unreported unless a structured
assessment is performed. The potential value of systematic
trigger assessment is further supported by recent
preliminary work on the validation of a questionnaire
specifically designed to assess perceived seizure triggers in
adults with epilepsy 14,

Most of the stimuli used in this study were visual stimuli.
Respondents frequently reported bright and/or flashing
stimuli, sunlight, and smartphone and television screens.
Data collected from the participants showed that only
8% of individuals exhibited a photosensitive epileptiform
response. This finding is consistent with the distinction
between reported visual sensitivity and the presence of
electrophysiological photosensitivity [>]. However, since
our study did not analyze the relationship between visual
trigger scores and photosensitive EEG findings, we cannot
comment on whether such a relationship exists. Sudden
loud sounds were reported as auditory stimuli, although
the burden of auditory triggers did not differ significantly
according to seizure status, suggesting that auditory
stimuli may not be associated with ongoing seizure activity
in this cohort.

Meteorological stimuli were also of clinical concern.
Thirty percent of respondents reported hot weather, and
those with ongoing seizures exhibited a higher burden
of meteorological stimuli. The relationship between
atmospheric pressure, temperature, and other weather-
related variables and the occurrence of seizures has
been the subject of research, although results tend to be
inconsistent 7/815.16] The inconsistencies observed among
studies may be due to geographic location, epilepsy type,
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and variations in research methods ['>16], Importantly, our
study focused on patient-perceived meteorological stimuli,
whereas most previous studies focused on objectively
measured meteorological variables. The findings of this
study should therefore be viewed as complementary to,
rather than equivalent to, those of other research.

This study's findings highlight the association between
increased trigger burden and ongoing seizures. Each
5-point increase in total environmental trigger burden
was associated with higher odds of ongoing seizures. The
direction of this relationship cannot be established due to
the cross-sectional nature of the study. Patients with active
seizures may have greater trigger sensitivity and therefore
may be more likely to perceive and report seizure-
provoking stimuli. In addition, although a greater number
of ASMs was associated with ongoing seizure activity, this
finding should not be interpreted as indicating an adverse
effect of ASMs. Rather, a greater number of ASMs may
reflect a greater treatment burden or more difficult-to-
control epilepsy ['71. Accordingly, the two models should
be interpreted as complementary association models
addressing different research questions rather than as
evidence of reciprocal or causal effects.

The open-ended responses further illustrate that seizure
occurrence may be associated with multiple factors.
The most commonly reported additional triggers were
stress/emotional factors and sleep deprivation, which are
consistent with findings from previous research [1-3.13],
These results suggest that environmental factors and
their triggers should not be considered separately from
other factors, including sensory exposure, emotional state,
treatment adherence, sleep, and individual susceptibility
to seizures.

Limitations

This study has several limitations. Because of its single-
center, cross-sectional design, generalizability is limited, and
causation cannot be determined. Patient self-report was
used to assess trigger exposure and therefore may have been
influenced by both recall and attribution bias. The indices
used to measure trigger burden were developed specifically
for this study and, to the authors'knowledge, have not been
validated. There was no attempt to relate meteorological
exposures to objective weather measurements. In addition,
data collection was conducted during a single summer
month. Therefore, participants’ retrospective reporting of
meteorological triggers may have been influenced by the
season in which the interviews were conducted, particularly
for temperature- and precipitation-related stimuli. This
seasonal context should be considered when interpreting
the meteorological trigger burden findings. Epilepsy

syndrome and seizure type were also excluded from the
multivariable models. Additionally, EEG categories were
created based on the existing text of the reports, and a
direct analysis of self-reported visual triggers and photic-
related epileptiform responses was not conducted. The
number of outcome events in the first multivariable model
was limited relative to the number of covariates included,
which may have reduced the precision of the estimated
association, as reflected by the relatively wide confidence
interval around the adjusted odds ratio; this finding should
therefore be interpreted cautiously. Because the AUC values
were estimated using the same datasets used to fit the
models and no internal validation was performed, these
discrimination estimates may be optimistic.

Conclusion
Patients reported multiple visual, auditory, and
meteorological seizure triggers. Structured trigger

assessment revealed more perceived triggers than a single
broad question, and a greater burden of environmental
triggers was associated with ongoing seizure activity.
These findings suggest that structured assessment of
seizure triggers may be a useful addition to the standard
evaluation of patients with epilepsy. Further multicenter
studies using validated assessment tools are needed to
better determine the clinical significance of these findings.
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