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Mitigating High-Fat Diet-Induced Testicular Oxidative
Stress and Fibrosis with Bromelain

Burcu Giiltekin'©=x, Raviye Ozen Koca2@=x, Halime Tuba Canbaz*®~x, Hasan Basri Savas*©==, Mustafa
Berk Basaran?@~x, Z. Isik Solak Gormiig?@r=
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Medicine, University of Health Sciences, Istanbul, Tiirkiye, *Department of Medical Biochemistry, Mardin Artuklu University, Faculty of
Medicine, Mardin, Tiirkiye

ABSTRACT

Objectives: Obesity induced by a high-fat diet (HFD) is closely associated with impaired male fertility, pri-
marily through oxidative stress, inflammation, and testicular dysfunction. Natural compounds with antioxidant
and anti-inflammatory properties have gained increasing attention for their potential therapeutic effects.
Bromelain, a proteolytic enzyme complex derived from Ananas comosus, exhibits antioxidant, anti-inflam-
matory, and antifibrotic activities, suggesting potential protective effects against obesity-related reproductive
impairments.

Methods: Male Wistar rats were randomly assigned to four groups (n=9 per group). Animals were fed an HFD
for 12 weeks to induce obesity, followed by one month of bromelain supplementation. Testicular tissues were
histologically assessed using hematoxylin & eosin (H&E) and Masson’s trichrome staining. Serum and testic-
ular samples were analyzed for antioxidant and oxidative stress markers, including paraoxonase-1 (PON1),
arylesterase (ARE), total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI).
Results: The HFD group showed significant testicular alterations, including thickening of the tunica albuginea,
perivascular collagen accumulation, germ cell loss, and disrupted seminiferous tubule architecture (P<0.0001).
Biochemically, TAS (P<0.0001) and PON1 (P=0.0041) levels were significantly decreased, whereas TOS
(P<0.0001) and OSI (P<0.0001) levels were elevated. Bromelain supplementation mitigated histopathological
changes, reducing collagen deposition and tunica albuginea thickness. Moreover, Bromelain significantly re-
stored TAS and PONI1 levels while decreasing TOS and OSI. No significant differences were observed in ARE
(P=0.0002) activity between the groups.

Conclusions: Bromelain supplementation attenuated HFD-induced oxidative stress and fibrotic alterations in
testicular tissue, improving both histological and biochemical parameters. These findings suggest that Br may
be a potentially beneficial natural supplement for alleviating obesity-induced impairments in male reproductive
functions and associated metabolic dysfunctions.

Keywords: Bromelain, Fibrosis, Oxidative Stress, Testis, High-Fat Diet
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Bromelain Attenuates HFD-Induced Testicular Stress and Fibrosis

leads to obesity, increased body weight, and

disturbances in glucose and lipid metabolism,
contributing to the development of various metabolic
disorders [1, 2]. Accumulating evidence indicates that
diet-induced obesity negatively impacts male fertility
[3, 4]. High-calorie diets and obesity can directly or
indirectly impair sperm quality through multiple
mechanisms, including inflammatory responses, ox-
idative stress, alterations in gut microbiota, and sperm
DNA damage and remodeling. The cumulative effects
of these mechanisms may result in irreversible struc-
tural and functional alterations in sperm cells [5].
Moreover, obesity adversely affects spermatogenesis
via hormonal imbalances, elevated leptin and estrogen
levels, increased testicular temperature, and oxidative
stress [6]. Oxidative stress, resulting from the oxida-
tion of various cellular components, increases reactive
oxygen species (ROS) levels, which can cause testic-
ular atrophy, structural disruption of the seminiferous
epithelium, germ cell loss, apoptosis in Sertoli and
Leydig cells, reduced steroidogenesis, and impaired
sperm production and motility [7]. Excess adipose tis-
sue in obesity triggers systemic inflammatory re-
sponses and promotes oxidative stress through
adipose-derived proinflammatory mediators, further
compromising semen parameters [8]. Spermatozoa are
particularly vulnerable to oxidative stress due to lim-
ited antioxidant defenses and insufficient DNA dam-
age detection and repair capacity [9]. Additionally,
studies have reported that HFD-induced endoplasmic
reticulum (ER) stress contributes to reduced sperm
motility and male reproductive dysfunction through
mitochondrial signaling pathways [10, 11]. Nutritional
supplements and plant-derived (phytochemical) prepa-
rations with antioxidant capacity have shown benefi-
cial effects by modulating apoptosis and inflammatory
processes. Therefore, these natural compounds are
considered promising strategies for managing male in-
fertility, particularly obesity-associated infertility, as
antioxidant therapies and lifestyle modifications effec-
tively mitigate oxidative stress-related reproductive
impairments [12]. Bromelain (Br), a crude extract de-
rived from the stem and fruit of Ananas comosus, con-
sists of a group of thiol endopeptidases and other
bioactive components, exhibiting diverse biological
functions as a natural anti-inflammatory enzyme [13].
Its medicinal properties are primarily attributed to pro-

[ ong-term consumption of a high-fat diet (HFD)

teolytic enzymes (proteases) and sulfur-containing
protein-digesting enzymes, along with minor compo-
nents such as peroxidases, acid phosphatases, protease
inhibitors, and calcium ions. The biological activity of
bromelain relies on the synergistic effects of these en-
zymes and proteins in modulating biochemical reac-
tions within the organism [14]. Due to its
anti-inflammatory, antioxidant, antiangiogenic, and
analgesic properties, Br is considered a potential ther-
apeutic and protective agent against inflammatory and
oxidative stress-related pathologies, including testic-
ular and nephrotoxicity [15-17]. Previous studies have
demonstrated the protective potential of Br against
various testicular impairments induced by different
stressors. For instance, Jebur et al. [16] reported that
aluminum chloride exposure causes oxidative stress,
hormonal imbalance, and deterioration of sperm qual-
ity, whereas pretreatment with bromelain alleviated
these harmful effects by enhancing antioxidant de-
fense, suppressing ROS production, and improving
testicular function. Similarly, Hosseinpour et al. [18]
showed that bromelain exerts protective effects against
Rapid Eye Movement (REM) sleep deprivation—in-
duced testicular dysfunction through its strong antiox-
idant and anti-inflammatory properties. These findings
collectively suggest that bromelain may play a bene-
ficial role in preserving testicular integrity under con-
ditions of oxidative and inflammatory stress.

HFD is a widely used model for inducing obesity.
Obesity can negatively affect testicular function, caus-
ing decreased testosterone levels, increased oxidative
stress, and impaired sperm production. Therefore, the
HFD model provides a suitable experimental approach
for studying obesity-related male reproductive disor-
ders. In this study, we aimed to evaluate the protective
and therapeutic effects of Br on testicular structure and
biochemical changes in rats with HFD-induced obe-
sity, and to clarify its possible role in reducing obe-
sity-related reproductive disorders.

METHODS
Animals and Experimental Design

A total of 36 adult male Wistar Albino rats weigh-
ing 250-300 g were used in this study. All experimen-
tal procedures were conducted in accordance with the
ARRIVE guidelines and approved by the Local Ethics

2 The European Research Journal | Volume 12 | Issue 1 | January 2026
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Committee of Necmettin Erbakan University (decision
no: 2024-117, dated 28 November 2024). Animal care
and use complied with the Guide for the Care and Use
of Laboratory Animals. Rats were obtained from the
Experimental Medicine Application and Research
Center (KONUDAM) of Necmettin Erbakan Univer-
sity. Animals were randomly assigned to four groups
(n=9 per group): (1) standard diet control (SD), (2)
standard diet + bromelain (SD+Br), (3) high-fat diet
(HFD), and (4) high-fat diet + bromelain (HFD+Br).
Animals were housed under controlled conditions at
21+2 °C with a 12 h light/12 h dark photoperiod. SD
and SD+Br groups received standard chow and water
ad libitum for 12 weeks, whereas HFD and HFD+Br
groups were fed a high-fat diet ad libitum for the same
period. Body weights were monitored regularly.

Obesity Induction and Bromelain Administration

Obesity was induced in the HFD and HFD+Br
groups over a 3-month period using a high-fat feed
(Arden Research & Experiment Company, Ankara,
Turkey). According to the manufacturer’s nutritional
analysis, this diet consisted of 24% protein, 30% car-
bohydrate, and 35% fat (primarily from vegetable
oils), providing a total energy content of 5.2 kcal/g,
approximately 45% of which was derived from fat.
Rats in the SD and SD+Br groups received standard
rat chow. During the establishment of the obesity
model, body weights of all rats were monitored regu-
larly [7]. Baseline weights were recorded, and subse-
quent measurements were taken approximately every
10 days. After the obesity model was established, rats
in the SD+Br and HFD+Br groups were administered
bromelain via oral gavage at a dose of 200 mg/kg/day
for 30 days [19]. The bromelain preparation, with a di-
gestive activity of 2400 GDU/g (Meteoric Biopharma-
ceutical, batch number: BM2403332), was freshly
dissolved in physiological saline for daily administra-
tion. Each rat received 1 mL/100 g body weight (200
mg/kg) using a 16-gauge flexible feeding needle. Dos-
ing was performed each morning (09:00-10:00) after
absorption. A single researcher gently restrained each
rat, inserted the gavage needle, and visually confirmed
swallowing to ensure full administration of the dose.
Any regurgitation events were immediately addressed
with repeated dosing, and all incidents were recorded.
Rats in the SD and HFD groups were similarly han-

dled and administered 1 mL/100 g body weight of
physiological saline via oral gavage to control for han-
dling and vehicle effects.

Histological Analyses

Testicular tissues were surgically excised and
fixed in 10% formalin, dehydrated in graded alcohol
series (70-100%), cleared in xylene, and embedded in
paraffin. Sections of 5 um thickness were cut and
stained with hematoxylin—eosin (H&E) and Masson’s
trichrome. All histological evaluations were performed
in a blinded manner by two independent observers to
minimize observer bias. For each specimen, system-
atic random sampling was employed to select micro-
scopic fields, ensuring representative and unbiased
assessment of the tissue sections.

Hematoxylin & Eosin (H&E) Staining

Tissue sections obtained from paraffin-embedded
blocks were deparaffinized by immersion in xylene for
three consecutive 20-minute intervals. The sections
were then sequentially rehydrated through a graded
ethanol series (100%, 90%, 80%, 70%, and 50%) and
rinsed with distilled water to remove residual alcohol.
For nuclear staining, sections were immersed in hema-
toxylin solution, followed by thorough washing under
running tap water. Differentiation was performed using
acid alcohol to remove excess stain, and sections were
subsequently blued in alkaline water. Eosin staining
was then applied to visualize cytoplasmic components.
The sections were dehydrated through an ascending
ethanol series (70%, 80%, 90%, and 100%), cleared in
xylene, and mounted with a coverslip using an appro-
priate mounting medium for microscopic examination.

In H&E stained testicular sections, the histological
structure of the seminiferous tubules and interstitial
areas was evaluated in detail. For each experimental
group, ten randomly selected seminiferous tubule
areas were examined under x40 objective magnifica-
tion using a light microscope (Axiocam Erc 5s, Carl
Zeiss AG, Germany). Histopathological changes in the
seminiferous tubules and disruptions in spermatogen-
esis were scored according to Johnsen’s spermatoge-
nesis evaluation criteria. Scoring was performed in a
blinded manner, and the collected data were subjected
to statistical analysis (Table 1) [20].

The European Research Journal | Volume 12 | Issue 1
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TABLE 1. Johnsen Scoring System for the
Evaluation of Spermatogenesis.

Score Evaluation of spermatogenesis

1 No cells visualized in tubular cross section
2 Sertoli cells only

3 Only spermatogonia present
4

No sperm cells or spermatids, few
spermatocytes (<5)

9]

No sperm cells or spermatids, presence of
spermatocytes

No sperm cells, few spermatids (<5 to 10)
No sperm cells, presence of spermatids

Presence of few sperm cells (<5 to 10)

O 0 3 O

Some sperm cells, with a disorganized
epithelium

10 Compete spermatogenesis with mature
sperm cells

Masson’s Trichrome Staining

Sections of 5 um thickness were obtained from the
testis blocks of experimental groups to assess fibrosis.
Deparaffinization was conducted by passing the sec-
tions through xylene and a descending alcohol series
(90%, 80%, 70%, and 50%). Masson's Trichrome Stain
Kit (ChemBio, CB6095.0200, Istanbul, Tiirkiye) was
then applied. The sections were covered with Entellan®
after final rinsing with the alcohol series and xylene.

Biochemical Analyses

At the end of the experimental period, 10 mL of
blood was collected from all animals into gel-coated
biochemical tubes. The collected blood samples were
centrifuged at 1500 x g for 10 minutes to obtain the
serum fraction. The serum was aliquoted into labeled
Eppendorf tubes and stored at —80 °C until analysis.
On the day of analysis, all serum samples were thawed
simultaneously to room temperature and vortexed to
ensure homogeneity before biochemical measure-
ments. Tissue samples obtained post-anesthesia were
homogenized, sonicated, centrifuged, and the resulting
supernatants were used for biochemical assays. Ox-
idative stress parameters analyzed in serum included
paraoxonase-1 (PON1) and arylesterase (ARE).
Serum PONI1 (Rel Assay Diagnostics Kits, Cat. no:

RLO0031, Mega Tip San., Gaziantep, Turkey) and ARE
(Rel Assay Diagnostics Kits, Cat. no: RL0055, Mega
Tip San., Gaziantep, Turkey) activities were measured
according to the manufacturer’s protocols. In tissue
samples, total antioxidant status (TAS), total oxidant
status (TOS), and oxidative stress index (OSI) were
determined.

Measurement of PON1 Activity

Serum PONI1 activity was assessed using a fully
automated method developed by Rel Assay Diagnos-
tics (Cat. no: RL0031). The assay evaluates paraox-
onase activity based on the hydrolysis of paraoxon
(diethyl p-nitrophenyl phosphate) in the presence of
NaCl (basal and salt-stimulated activity). The forma-
tion of p-nitrophenol was monitored by absorbance in-
crease at 412nm at 37°C. The amount of
p-nitrophenol was calculated using a molar extinction
coefficient of 17,000 M-1 cm-1 at pH 8. Net enzy-
matic activity was calculated by subtracting basal ac-
tivity from salt-stimulated activity and expressed in
units per liter, where 1 unit corresponds to the hydrol-
ysis of 1 pmol of substrate per minute per liter [21].

Measurement of ARE Activity

Serum ARE activity was determined using a fully
automated method (Rel Assay Diagnostics, Cat. no:
RLO0055). Phenyl acetate was used as a substrate and
hydrolyzed to produce phenol and acetic acid. The re-
sulting phenol reacted with 4-aminoantipyrine and
potassium ferricyanide to form a colored complex,
measured spectrophotometrically. ARE activity was
calculated using the molar absorption coefficient of
the colored complex and expressed as units per liter,
with 1 unit defined as the hydrolysis of 1 umol of
phenyl acetate per minute per liter [22].

Measurement of TAS

TAS was measured using commercially available
kits (Rel Assay Diagnostics Kits, Cat. no: RL0017).
The fully automated method is based on the suppres-
sion of the characteristic color of the ABTS (2,2’-
azino-bis (3-ethylbenzothiazoline-6-sulfonic acid))
radical cation by antioxidants in the sample. The
assay has an ideal deviation of less than 3%, and re-
sults were expressed in mmol Trolox equivalents per
liter [23].
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Measurement of TOS

TOS was measured using commercially available
kits (Rel Assay Diagnostics Kits, Cat. no: RL0024).
In this method, oxidants in the sample oxidize the fer-
rous ion—o-dianisidine complex to ferric ion, which in
an acidic medium reacts with xylenol orange to form
a colored complex. The color intensity, measured
spectrophotometrically, is proportional to the total ox-
idant molecules present. Results were expressed in
umol hydrogen peroxide equivalents per liter (umol
H>0: equiv/L) [24].

Calculation of OSI

The oxidative stress index (OSI) was calculated as
the ratio of TOS to TAS. TAS values were converted
to umol/L, and OSI was determined using the follow-
ing formula:

TOS (umol H,0, equivalent/L)
TAS (mmol Trolox equivalent/L)

OSI (arbitrary unit) =

x 100 [25, 26].

Statistical Analysis

Normality was assessed using the Shapiro—Wilk
test. Intergroup differences were analyzed using one-
way ANOVA followed by Tukey’s post hoc test when
appropriate. Data are presented as mean + standard de-
viation (SD), and P<0.05 was considered statistically
significant. Statistical analyses were performed using
Microsoft Office 365 and GraphPad Prism 8.

RESULTS
Hematoxylin-Eosin Staining Findings

Microscopic examination of H&E-stained testic-
ular sections revealed that the SD and SD+Br groups
exhibited normal seminiferous tubule architecture,
characterized by an intact basal membrane with sper-
matogonia, dispersed Sertoli cells, and well-organized
germinal cells, including spermatids and spermatozoa.

SD

SD + Br

Johnsen's Scoring

HFD

Score

0 & O o
X AR )
s T

HFD + Br

FIGURE 1. Hematoxylin—Eosin (H&E) staining of testicular tissue sections. Each experimental group consisted of 9 rats. In
the standard diet (SD) and standard diet+Bromelain (SD+Br) groups, seminiferous tubules exhibited normal architecture with
spermatogonia in the basal membrane, dispersed Sertoli cells, well-organized germinal cells, and morphologically normal Ley-
dig cells. In the high-fat diet (HFD) group, seminiferous tubules displayed germ cell degeneration, vacuolization, atrophy, dis-
organization, and a reduction in the interstitial area. In the high-fat diet+Bromelain (HFD+Br) group, focal atrophy was
observed; however, the overall seminiferous tubular structure was largely preserved, and the interstitial area appeared normal.
Statistical analysis of Johnsen’s scores is presented as mean+SD. *(P<0.05 vs. SD), ?(P<0.05 vs. SD+Br), <(P<0.05 vs. HFD).
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The interstitial connective tissue and Leydig cells ap-
peared structurally intact. In contrast, testicular sec-
tions from the HFD group demonstrated marked
histopathological alterations in germ cells, including
degeneration, vacuolization, atrophy, and disorganiza-
tion of the seminiferous epithelium. The interstitial
space was also reduced in this group. In the HFD+Br
group, focal atrophy of seminiferous tubules was ob-
served; however, the overall tubular architecture was
largely preserved, and the interstitial area maintained
normal morphology. Mean Johnsen scores were cal-
culated for 10 randomly selected seminiferous tubules
per animal according to the criteria outlined in Table
1. Statistical analysis revealed that the HFD and
HFD+Br groups differed significantly from the SD
and SD+Br groups. While the HFD+Br group had sig-
nificantly lower scores than the SD and SD+Br

groups, it showed significantly higher scores com-
pared to the HFD group (P<0.0001) (Figure 1).

Masson’s Trichrome Staining of Testicular Tissue

Masson’s Trichrome staining was performed to vi-
sualize collagen fibers and fibrosis in the connective
tissue. In the SD group, the tunica albuginea layers of
the testes exhibited normal thickness, whereas in the
SD+Br group, the tunica albuginea was slightly thin-
ner. In the HFD group, the tunica albuginea layers
were observed to be thicker compared to the SD and
SD+Br groups. In the HFD+Br group, the tunica al-
buginea thickness resembled that of the SD group. Ex-
amination of collagen fibers in the perivascular area
revealed an increase in the HFD group relative to the
other groups (Figure 2).

— Tunica Albuginea

SD

— Perivascular Area
L AT Y, A3 CRREIT "

SD + Br

HFD

HFD + Br

FIGURE 2. Masson’s Trichrome staining of testicular tissue. Each experimental group consisted of 9 rats. In the standard
diet (SD) group, the tunica albuginea exhibited normal thickness, while in the standard diet + Bromelain (SD+Br) group, slight
thinning was observed. In the high-fat diet (HFD) group, the tunica albuginea was markedly thickened, and an increased
amount of collagen fibers was observed in the perivascular area. In the high-fat diet+Bromelain (HFD+Br) group, the tunica
albuginea thickness was similar to that of the SD group. Areas stained blue indicate the density of collagen fibers.
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Biochemical Findings vealed that PON1 levels in the HFD group were sig-
Serum PON1 and ARE Results nificantly different from those in the SD, SD+Br, and
HFD+Br groups (P=0.0041). When the ARE enzyme
activities were examined across all groups, the activity
in the HFD group was found to be significantly de-
creased compared to the SD+Br group (P=0.0002).

PONI1 enzyme activity, which decreases under
conditions of elevated oxidative stress and organ dam-
age, was found to be high and comparable in the SD
and SD+Br groups, whereas it was lower in HFD
group. In the HFD+Br group, PONI1 activity was __
lower than in the SD and SD+Br groups but slightly Tissue TAS, TOS, and OSI Results

higher than in the HFD group. Statistical analysis re- TAS, an important biochemical parameter reflect-
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FIGURE 3. Biochemical parameters in serum and testicular tissues across all experimental groups. Each experimental group
consisted of 9 rats. Serum paraoxonase-1 (PON1) and arylesterase (ARE) enzyme activities are shown. PON1 activity was
high in the standard diet (SD) and standard diet + Bromelain (SD+Br) groups, whereas a significant decrease was observed in
the high-fat diet (HFD) group. In the high-fat diet+Bromelain (HFD+Br) group, PON1 activity was partially higher than in
the HFD group but remained lower than in the SD and SD+Br groups. There was a statistically significant difference in ARE
activity between SD+Br and HFD groups. In testicular tissue, total antioxidant status (TAS), total oxidant status (TOS), and
oxidative stress index (OSI) levels are presented. TAS levels were high in the SD and SD+Br groups, significantly decreased in
the HFD group, and increased in the HFD+Br group. TOS levels were low in the SD and SD+Br groups, elevated in the HFD
group, and reduced in the HFD+Br group. OSI values were low in the SD and SD+Br groups, high in the HFD group, and sig-
nificantly decreased in the HFD+Br group. Data are presented as mean+SD. Statistical significance is indicated by *(P<0.05
vs. SD), °(P<0.05 vs. SD+Br), <(P<0.05 vs. HFD).
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ing the overall antioxidant capacity of the organism,
was evaluated in testicular tissue. TAS levels were
high and similar in the SD and SD+Br groups, while
a decrease was observed in the HFD group. In the
HFD+Br group, TAS levels increased. Statistical
analysis indicated that the HFD group differed signif-
icantly from the SD, SD+Br, and HFD+Br groups
(P<0.0001).

TOS was measured to assess the intensity of ox-
idative stress and monitor the efficacy of antioxidant
interventions. TOS levels were low in the SD and
SD+Br groups, whereas a significant increase was ob-
served in the HFD group. In the HFD+Br group, TOS
levels decreased but remained higher than in the SD
group (P<0.0001).

OSI, reflecting the balance between oxidant and
antioxidant systems, was low in the SD and SD+Br
groups. Conversely, OSI values were markedly ele-
vated in the HFD group. In the HFD+Br group, a sig-
nificant reduction and improvement in OSI were
observed (P<0.0001) (Figure 3).

DISCUSSION

Approximately 20% of reproductive problems in cou-
ples worldwide are increasingly attributed solely to
male infertility, which can arise from multiple factors,
including metabolic disorders such as obesity [27].
Obesity is a systemic metabolic disorder affecting nu-
merous major organs, with the testes being among the
most severely impacted [7]. In this context, the present
study employed a HFD for 12 weeks to establish an
obesity model in rats. Following confirmation of obe-
sity, animals received Br treatment for 30 days to in-
vestigate whether Br could mitigate obesity-induced
testicular impairments through histopathological as-
sessment, oxidative stress parameters, and fibrosis
evaluation.

The present findings are consistent with previous
studies indicating that prolonged exposure to HFD
leads to reproductive dysfunction. For instance,
Demirci and Sahin [28] demonstrated that HFD al-
tered testicular histology and negatively affected sper-
matogenesis, as assessed using Johnsen scores.
Similarly, Mohammadi Roushandeh et al. [29] re-
ported that oxidative stress induced by HFD and obe-
sity adversely affected sperm motility, morphology,

and viability, directly impacting spermatogenesis. In
line with our findings, they observed histological al-
terations in testicular tubules, including vacuolization,
reduced mature sperm counts, depletion of sperm from
the epididymal lumen, and basal membrane disruption.
The role of oxidative stress in testicular fibrosis and
collagen synthesis is also supported by the literature.
Cultured human fibroblasts exposed to oxidative stress
have been shown to exhibit increased collagen synthe-
sis [30]. Masson-Trichrome staining allows for the
quantitative evaluation of collagen fibers in interstitial
edema and peritubular fibrosis [31]. In our study, HFD
exposure led to increased collagen fiber content in both
the tunica albuginea and perivascular regions of the tes-
ticular tissue, confirming prior reports of collagen up-
regulation in mammalian testes [32].

Antioxidant dietary supplements and phytochem-
icals may provide beneficial effects in the treatment
of obesity-related reproductive disorders by reducing
apoptosis and inflammation, thereby preserving tes-
ticular function [12]. In particular, Br, a proteolytic en-
zyme derived from Ananas comosus, enhances
antioxidant capacity by reducing lipid peroxidation
and other oxidative stress markers. Bromelain exhibits
antioxidant properties by scavenging free radicals and
ROS [33-37]. Supplementation with Br has been re-
ported to improve sperm count and morphology, ele-
vate testosterone levels, and enhance antioxidant
enzyme activities [18]. Additionally, ethanolic extracts
of Ananas comosus and Br protect cellular compo-
nents against oxidative damage via ROS detoxifica-
tion and the glutathione redox cycle [38]. Previous
studies demonstrated that Br activates the Nrf2 antiox-
idant pathway and suppresses NF-kB-mediated in-
flammatory responses in non-reproductive tissues (e.g.,
liver, lung) and cell models [39, 40]. In light of these
data, the protective effects observed in our HFD-in-
duced testicular dysfunction model may be mediated,
at least in part, via similar modulation of Nrf2 and
NF-«B signalling. Consistent with these findings, our
study demonstrated that Br treatment histologically
ameliorated HFD-induced testicular damage.

PONI1 protects low-density lipoprotein (LDL)
from oxidation and neutralizes hydrogen peroxide and
peroxidized phospholipids in oxidized LDL [41]. Due
to structural similarities between LDL and cellular
membranes, some authors have suggested that HDL-
associated PON1 antioxidant activity provides general
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protection against membrane lipid peroxidation [42].
Serum PONI1 activity has been inversely correlated
with oxidative stress in serum and macrophages, and
PONI1 deficiency has been reported to exacerbate ox-
idative stress. Elkiran et al. [43] found that serum
PONI1 and ARE activities were significantly lower in
smoking lung cancer patients compared to smoking
healthy controls. Similarly, in our study, the partial
restoration of PON1 activity following Br supplemen-
tation suggests that Br not only suppresses oxidative
load but may also positively modulate lipid metabo-
lism and enzymatic antioxidant defense mechanisms.
The absence of significant changes in ARE activity in-
dicates that this enzyme may be more resistant to diet-
induced oxidative challenges relative to other
parameters [44]. Regarding ARE activity, the absence
of significant changes may be due to cell type-specific
or substrate-specific responses, meaning that the
measured antioxidant response might not fully reflect
the actual intracellular changes [45, 46]. Additionally,
some enzymes may be influenced by adaptive regula-
tory mechanisms; under prolonged oxidative stress or
elevated antioxidant load, certain enzymes can be
downregulated or maintained at a steady activity via
feedback mechanisms [47]. Therefore, unchanged
ARE activity does not necessarily indicate ineffective
antioxidant defense but may reflect substrate speci-
ficity or adaptive enzyme regulation.

our study, the HFD-induced decreases in PON1
and TAS levels, together with increases in TOS and
OSI, indicate that a high-fat diet suppresses endoge-
nous antioxidant defenses while increasing oxidant
load. Br supplementation exerted strong antioxidant
effects, evidenced by increased TAS and significant
reductions in TOS and OSI. Moreover, the strong neg-
ative correlation between TOS and TAS suggests that
elevated oxidant burden reduces antioxidant capacity,
shifting the oxidative/antioxidative balance toward ox-
idants [23]. Similarly, Akkoca at al. [48] demonstrated
that ischemia-reperfusion (IR) decreases TAS, in-
creases TOS, and that MitoTEMPO exerts protective
effects against these changes. Bromelain has also been
shown to reduce AGE receptor (RAGE)-mediated in-
flammation and tissue damage by disrupting advanced
glycation end products (AGE)-associated pathways
[49-51].

Several studies have demonstrated that HFD in-
duces oxidative stress and testicular dysfunction in rat
models. For instance, micronutrient-based antioxidant
interventions have been shown to ameliorate HFD-in-
duced sperm and testicular oxidative damage [52],
while quercetin supplementation reduced oxidative
stress and improved spermatogenesis in HFD-fed Wis-
tar rats [53]. These studies provide relevant context
and support the role of oxidative mechanisms in HFD-
induced reproductive impairment, reinforcing the ra-
tionale for investigating Br’s protective effects.

Overall, our results indicate that Br supplementa-
tion can partially restore testicular structure and ox-
idative balance in HFD-induced obese rats,
highlighting its potential as a protective agent against
obesity-associated reproductive dysfunction. Future
studies should further investigate the protective effects
of Br on HFD-induced testicular dysfunction at a de-
tailed molecular level. Direct assessment of Nrf2 and
NF-«B signalling pathways, evaluation of different
doses and treatment durations, and long-term safety
profiling are warranted. Additionally, the effects of Br
on other reproductive parameters and hormone levels,
as well as its clinical applicability, should be explored.
Such investigations would provide a clearer under-
standing of the potential therapeutic role of bromelain
in male reproductive health.

Strengths and Limitations

Strengths of the study include the use of a well-
controlled experimental design, the incorporation of
both biochemical and histological evaluations to pro-
vide comprehensive insight into tissue alterations, and
the application of standardized methods for assessing
oxidative stress and reproductive parameters. The
study also contributes valuable preliminary data re-
garding the potential protective effects of Br against
diet-induced testicular damage, thereby establishing a
foundation for future mechanistic and translational re-
search. However, it should be noted that this study was
conducted in an experimental rat model, which may
not fully replicate human pathophysiology. The sam-
ple size was relatively limited, and only short-term Br
treatment was evaluated. In addition, molecular path-
ways underlying the protective effects of Br were not
investigated in depth. Therefore, further studies in-
volving larger cohorts, longer treatment periods, and
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mechanistic analyses are required to confirm the trans-
lational relevance of these findings. Another limitation
of this study is that, although sham gavage was per-
formed in the SD group, the potential adverse effects
of repeated gavage-induced stress on oxidative and re-
productive parameters were not elucidated. Addition-
ally, firstly no effect size calculations were reported,
which limits the interpretation of the magnitude of the
observed differences; secondly, a priori power analysis
was not performed, and therefore the risk of type II er-
rors cannot be excluded.

CONCLUSION

Our findings indicate that the increase in oxidative
stress parameters induced by HFD can be alleviated
by Br administration, leading to improvements in the
biochemical and histological structure of rat testicular
tissue. Consequently, Br treatment may be considered
a protective and therapeutic agent against diet-induced
testicular damage.
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ABSTRACT

Objectives: International prognostic index (IPI) score, genetic mutation heterogeneity and inflammatory mark-
ers play an important role in predicting prognosis in diffuse large B-cell lymphoma (DLBCL). The uric acid
to high-density lipoprotein cholesterol ratio (UHR) has been shown to be a new marker that allows better pre-
diction of metabolic deterioration and inflammatory processes. The aim of the study is to evaluate the effect
of UHR on prognosis in DLBCL patients.

Methods: In this retrospective cohort study, 120 patients were included. The effects of UHR on prognosis
were evaluated.

Results: Of the total cohort, 79 patients survived, whereas 41 patients died. Mortality was higher in patients
with higher UHR and IPI score > 3 (P=0.047 and P=0.001, respectively). Univariate analysis revealed that
age, Eastern Cooperative Oncology Group performance status (ECOG PS), disease stage, extranodal involve-
ment, uric acid levels, IPI score, and UHR were significant predictors of mortality. Multivariate analysis re-
vealed that ECOG PS, IPI score, and UHR were found to be independent predictors. Kaplan-Meier analysis
showed that higher UHR (>0.1075) and IPI scores (>3) were associated with decreased overall survival.
(P=0.003 and P=0.005, respectively).

Conclusions: Elevated pre-treatment UHR independently predicts prognosis and is associated with reduced
overall survival in patients with DLBCL. It may serve as a surrogate marker of systemic metabolic dysfunction
and help identify high-risk patients alongside the IPI score.

Keywords: Diffuse Large B-Cell Lymphoma, Uric Acid to High Density Lipoprotein Cholesterol Ratio, Prognosis

heterogeneous disease in terms of clinical and
treatment outcomes. International prognostic
index (IPI) score and its derivatives, genetic mutation
heterogeneity, and inflammatory markers have an im-
portant place in predicting disease progression and

@iffuse large B-cell lymphoma (DLBCL) is a

mortality risk [1, 2]. Hyperuricemia, which occurs as
a result of a high rate of cellular destruction and re-
newal cycle, is frequently encountered in hematologic
malignancies [3]. Elevated uric acid has been identi-
fied as a predictor of adverse long-term prognosis in
DLBCL [4]. High-density lipoprotein cholesterol
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(HDL-C) is a component that plays an important role
in the interplay between cancer biology and lipid me-
tabolism [5].

Evidence indicates that its anti-inflammatory, im-
munomodulatory, and antioxidant effects enable it to
modulate proliferative and inflammatory mechanisms
during the progression of malignancies [6, 7].
Apolipoprotein A-1 (Apo A-1), one of the main com-
ponents of HDL-C, was identified as an independent
prognostic marker associated with poor overall sur-
vival and progression-free survival in DLBCL patients
[8]. Although both uric acid levels and HDL-C have
been shown to play an important role in lymphoma bi-
ology, the prognostic value of these parameters alone
is limited [9, 10].

The use of ratios provides a more comprehensive
approach in terms of reflecting inflammation and ox-
idative stress together. Uric acid to HDL-C ratio
(UHR) has been shown to be a new inflammatory
marker that allows better prediction of metabolic de-
terioration and inflammatory processes [11-13]. High
inflammation burden and oxidative stress are unfavor-
able factors in the prognosis of DLBCL [14, 15]. Ele-
vated UHR in such an aggressive lymphoma type may
be associated with reduced response to treatment,
along with increased tumor burden and systemic in-
flammation. Therefore, UHR may provide additional
benefit to traditional prognostic scores in predicting
survival in DLBCL patients.

This study aimed to assess the impact of UHR ex-
amined at the time of diagnosis on prognosis in
DLBCL patients.

METHODS
Study Population

Actotal of 120 patients with DLBCL were included
in this retrospective cohort study who were followed
up at the Hematology Clinic of Recep Tayyip Erdogan
University School of Medicine between January 2015
and January 2025.

Study Design and Data Collection

Age, gender, body mass index (BMI), comorbidi-
ties, Eastern Cooperative Oncology Group perform-
ance status (ECOG PS), Ann Arbor disease stage, B

symptoms (fever, weight loss, night sweats), and the
presence of bulky disease (lymphadenopathy larger
than 7.5 cm in any region).

B symptoms (fever, unexplained weight loss, night
sweats), and bulky disease (lymph node enlargement ex-
ceeding 7.5 cm in any area) and extranodal involvement
were recorded. At the time of diagnosis, after fasting for
at least 8-12 hours, lipid profile, uric acid, albumin, lac-
tate dehydrogenase (LDH), uric acid to HDL-C ratio,
and triglyceride to HDL-C ratio were recorded.

The IPI score was calculated and scored between
0-5. Patient age, Ann Arbor staging, serum LDH lev-
els, extranodal involvement, and ECOG PS parame-
ters were used in the calculation [2].

UHR was calculated as uric acid divided by HDL-
C, and the triglyceride to HDL-C ratio as triglyceride
divided by HDL-C.

Overall survival (OS) was calculated from the
time of diagnosis to death from any cause or the date
of last follow-up. Progression-free survival (PFS) was
calculated from the time of diagnosis to disease pro-
gression, relapse, or death.

eInclusion Criteria

Patients aged >18 years who received first-line rit-
uximab-based chemoimmunotherapy regimens, in-
cluding rituximab, cyclophosphamide, doxorubicin,
vincristine, and prednisone (R-CHOP), or its variants
(R-mini-CHOP or R-CVP), were included.

eExclusion Criteria

Patients with active or chronic infection at the time
of diagnosis, renal dysfunction, taking uric acid-lower-
ing drugs (allopurinol or febuxostat), diagnosis of hy-
perlipidemia or taking statins, fenofibrates, niacin,
patients with autoinflammatory diseases (rheumatoid
arthritis, lupus), gout, and patients who use alcohol were
excluded from the study. In addition, DLBCL patients
with human immunodeficiency virus (HIV) or Epstein-
Barr virus (EBV) co-infection, history of malignancy
or prior chemo-radiotherapy, receiving treatment other
than rituximab-based chemoimmunotherapy, and
whose laboratory and clinical data were not available
were excluded from the study.

Patients were divided into 2 groups: Survivors and
Non-survivors.
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Statistical Analysis

Statistical analysis was conducted by using IBM
SPSS Statistics for Windows, version 23.0; IBM
Corp., Armonk, NY. Descriptive characteristics of the
groups were summarized using frequency and percent-
age (n, %) for each category. For continuous variables,
the normality analysis was carried out by taking into
account the number of participants in the groups (Kol-
mogorov-Smirnov (KS) and Shapiro-Wilk (SW)
tests). Accordingly, variables with normal distribution
were shown as mean =+ standard deviation (SD), and
variables that did not conform to normal distribution
were shown as median (minimum- maximum). Differ-
ences in numerical variables between two groups were

evaluated using the Student t-test for variables with
normal distribution and the Mann-Whitney U test for
variables without normal distribution. The relationship
between mortality and categorical variables in patients
with DLBCL was evaluated by Chi-Square analysis.
Significance values were given considering the num-
ber of patients in the categories (Pearson's chi-square
test or Fisher's exact test). The performance of uric
acid to HDL-C ratio in the prediction of mortality in
patients with DLBCL was examined by a receiver op-
erating characteristic (ROC) analysis. Cut-off value,
sensitivity, specificity, and area under the curve (AUC)
values were identified. The predictive value of the pa-
rameters was evaluated by Cox regression analysis,

TABLE 1. Clinical and Demographic Characteristics of the Patients

Survival status

Survivors Non-survivors P-value
Gender Female 38 (48.1) 18 (43.9) 0.662
Male 41 (51.9) 23 (56.1)
ECOG PS 0-1 75 (94.9) 28 (68.3) <0.001
2-4 4(5.1) 13 (31.7)
Ann Arbor stage 1-2 36 (45.6) 6 (14.6) 0.001
3-4 43 (54.4) 35(85.4)
B symptoms No 59 (74.7) 26 (63.4) 0.198
Yes 20 (25.3) 15 (36.6)
Bulky disease No 68 (86.1) 33 (80.5) 0.426
Yes 11(13.9) 8 (19.5)
Extranodal involvement No 36 (45.6) 8 (19.5) 0.005
Yes 43 (54.4) 33 (80.5)
LDH (U/L) <240 44 (55.7) 13 (31.7) 0.013
>240 35(44.3) 28 (68.3)
IPI Score 0-2 42 (53.2) 9(22) 0.001
3-5 37 (46.8) 32 (78)
Age (years) 67 (27-88) 71 (43- 89) 0.015
Uric acid (mg/dL) 5(2.4-9.5) 6.1 (2.5-10.5) 0.018
HDL-C (mg/dL) 44.6 (13.1) 41.8(11) 0.237
Uric acid/HDL-C ratio 0.11 (0.05-0.39) 0.14 (0.05- 0.7) 0.047
Triglyceride/HDL-C ratio 3.3(0.2-26.8) 3.2 (1.4-24.6) 0.565

Data are shown as meantstandard deviation or n (%) or median (minimum-maximum) where appropriate. ECOG PS, Eastern
Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; IPI, international prognostic index; HDL-C,

high-density lipoprotein cholesterol.
Statistically significant P-values are shown in bold.
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and the hazard ratio (HR) with 95% condidence inter-
val (CI) was provided. Variables found to be signifi-
cant in the univariate analysis were then included in
the multivariate analysis. The effects of variables on
mortality were evaluated by Kaplan-Meier survival
analysis and log-rank test. P-value <0.05 was consid-
ered statistically significant.

RESULTS

Among the 120 patients included in the study, 56
(46.7%) were female and 64 (53.3%) were male. The
mean age of the patients was 67+13 years, and the me-
dian follow-up period was 22 months (max 113
months). Seven-nine patients survived, whereas 41 pa-
tients died.

Among the patients, 34 (28.3%) had diabetes mel-
litus, 69 (57.5%) had hypertension and 23 (19.2%) had
coronary artery disease. The mean BMI of the patients
was 26.743.9 kg/m?. Clinical and demographic data
are given in Table 1.

Mortality was associated with ECOG PS, Ann
Arbor stage, extranodal disease, LDH, IPI score, age,

uric acid levels, and UHR. Higher mortality was ob-
served in patients with ECOG performance status >2,
Ann Arbor stage >3, presence of extranodal involve-
ment, LDH level above 240, and IPI score > 3
(P<0.001, P=0.001, P=0.005, P=0.013, and P=0.001,
respectively). Patients who died were significantly
older and had higher uric acid and UHR levels.
(P=0.015, P=0.018, and P=0.047, respectively). In ad-
dition, no significant association was found between
HDL-C levels and mortality (P=0.237). Correlation
analysis revealed no significant relationship between
HDL-C levels and ECOG PS or age (P=0.948 and
P=0.313, respectively) (Table 1).

The optimal cut-off value for UHR was deter-
mined by ROC analysis. (AUC: 0.611 (95% CI 0.505-
0.717), P=0.047, sensitivity: 80.5%, specificity:
45.6%). Mortality rate was higher in patients with
UHR above 0.1075.

Independent predictors for mortality were deter-
mined by univariate analysis. Patient age, ECOG per-
formance status, Ann Arbor stage, extranodal
involvement, uric acid, IPI score, and UHR were
found to predict mortality in univariate analysis. Age,
ECOG performance status, Ann Arbor stage, extran-

TABLE 2. Univariate and Multivariate Analysis of Clinical and Laboratory Parameters

Univariate Analysis

Multivariate Analysis

P-value 95% CI for HR P-value 95% CI for HR
Gender 0.757 1.102 (0.595-2.043)
Age (years) 0.007 1.04 (1.011-1.071)
ECOG PS <0.001 3.554 (1.77-7.134) 0.011 2.676 (1.257-5.697)
Ann arbor stage 0.004 3.583 (1.504-8.533)
B symptoms 0.120 1.664 (0.876-3.163)
Bulky disease 0.630 1.21 (0.558-2.622)
Extranodal involvement 0.029 2.369 (1.093-5.137)
LDH (U/L) 0.066 1.858 (0.961-3.594)
Uric acid (mg/dL) 0.003 1.307 (1.097-1.558)
HDL-C (mg/dL) 0.144 0.982 (0.958-1.006)
IPI score <0.001 1.787 (1.336-2.389) 0.012 1.471 (1.087-1.990)
Uric acid/HDL-C ratio 0.006 2.981 (1.376-6.461) 0.01 2.782 (1.273-6.078)
Triglyceride/HDL-C ratio 0.224 1.504 (0.778-2.907)

ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; IPI, international prognostic
index; HDL-C, high-density lipoprotein cholesterol; CI, confidence interval; HR, hazard ratio.

Statistically significant P-values are shown in bold.
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FIGURE 1. Kaplan—Meier analysis. (a) Overall survival (OS) and (b) Progression-free survival (PFS) stratified by uric

acid/HDL-C ratio (UHR> 0.1075 [n=76] vs. <0.1075 [n=44]).

odal involvement, IPI score, and UHR were chosen as
covariates. ECOG performance status, IPI score, and
UHR were found to be independent predictors in mul-
tivariate analysis (Table 2).

In Kaplan-Meier analysis, the association of UHR
and IPI score with PFS and OS was evaluated (Figures
1 and 2). UHR>0.1075 and IPI score >3 were signifi-
cantly associated with decreased OS (P=0.003 and
P=0.005, respectively) (Figure la and. Figure 2a).
While shorter PFS was found in patients with IPI score
>3, UHR was not associated with PFS (P=0.002 and
P=0.227, respectively) (Figure 1b and Figure 2 b).

0s

10 IPI Score
=0-2
35
(0-2-cansored
08 —35-censored
5 05
2
3
w
§
o 04
02 Log Rank P:0.005
00
0 20 40 60 80 100 120
Months
(a)

Cum Survival

DISCUSSION

This study is the first to examine the prognostic value
of UHR in DLBCL patients. UHR, age, uric acid,
ECOG performance status, Ann Arbor stage, extran-
odal involvement, and IPI score were found to predict
mortality. ECOG PS, IPI score, and UHR were found
to be independent predictors. Patients with higher UHR
and IPI scores> 3 had shorter OS.

The IPI score and its derivatives are one of the
prognostic scores used in DLBCL. Previous studies
have shown that OS and PFS decreased in patients
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FIGURE 2. Kaplan—Meier analysis. (a) Overall survival (OS) and (b) progression-free survival (PFS) stratified by IPI score.
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with high IPI scores [2, 16]. In our study, OS and PFS
were shortened in patients with an IPI score of 3 and
above and were consistent with the literature.

ECOG PS is widely recognized as a prognostic in-
dicator in patients with DLBCL and has been associ-
ated with survival outcomes. Patients with an ECOG
PS >2 generally present at a more advanced stage and
have comorbidities, which result in lower PFS and OS.
Therefore, ECOG PS is included as an independent
predictor in commonly used prognostic models such
as the IPI [16]. In our study, consistent with the liter-
ature, a high ECOG PS was found to be associated
with mortality, once again highlighting its importance
in prognosis and treatment planning.

Uric acid represents the final product of purine
metabolism, and hyperuricemia resulting from high
cellular turnover is a common complication of hema-
tologic malignancies. In a study on hyperuricemia and
risk factors in hematologic cancers, hyperuricemia
was found in 20.9% of DLBCL and low-grade lym-
phoma patients [3]. A study by Prochazka et al. [4]
showed that high uric acid levels were associated with
adverse long-term outcomes in patients with DLBCL.
In this study, while there was no association between
uric acid levels and relapse, higher uric acid levels
were detected in patients who died during survival as-
sessment. This result suggests that increased uric acid
levels may be associated with poor prognosis or in-
creased mortality. Therefore, maintaining low uric
acid levels at baseline and during treatment may im-
prove survival.

In addition to regulating lipid traffic, HDL-C plays
an important role in integrating innate and adaptive
immunity and has anti-inflammatory and antioxidant
capacity [17]. HDL-C has been reported to modulate
the inflammatory response by inhibiting cytokine-in-
duced expression of adhesion molecules in endothelial
cells and suppressing chemotaxis of monocytes and
lymphocytes [18]. In cancer cells, the balance between
cholesterol synthesis, efflux, and influx, which pro-
motes proliferation and invasion, results in intracellu-
lar cholesterol accumulation, thus creating a backdrop
of impaired reverse cholesterol transport in cancer.
Apo A-1 plays an active role in reverse cholesterol
transport and has an inhibitory effect on the prolifera-
tion and growth of tumor cells that show a high de-
mand for increased cholesterol [19]. Yu et al. [8] found
that low Apo A-1 levels were associated with poor OS

and PFS in DLBCL patients. In a cohort study, de-
creased levels of HDL-C or ApoA-1 have been asso-
ciated with an increased risk of developing various
cancers, including non-Hodgkin lymphoma and mul-
tiple myeloma [20]. Another study found that low
HDL-C and low-density lipoprotein cholesterol (LDL-
C) levels were associated with poor prognosis in
DLBCL patients and that HDL-C or LDL-C elevations
after chemotherapy were associated with better sur-
vival [21]. A recent study has shown that high HDL-
C is associated with a reduced risk of progression in
DLBCL patients [10]. Current evidence suggests that
low HDL-C levels adversely impact cancer prognosis
and demonstrate the paradoxical relationship between
HDL-C, inflammatory response and malignancy. This
study found no association between HDL-C levels and
survival or relapse. The discrepancy between our re-
sults and previous studies suggesting a prognostic role
of HDL-C may be attributed not only to the limited
sample size of our cohort but also to differences in pa-
tient characteristics, comorbidity profiles, and treat-
ment modalities among studies. Variations in
chemotherapy protocols, supportive care, and meta-
bolic background could influence HDL-C levels and
their association with survival outcomes.

UHR has been recognized as a new inflammatory
and metabolic marker. Recent studies indicate that
UHR can function as an indicator of chronic, low-
grade inflammation in multiple diseases. [11, 12, 22].
Inflammation plays an important role in the pathogen-
esis and progression of DLBCL [15, 23]. Jaeger et al.
[14] found that inflammatory cytokines direct disease
progression and disease symptoms in T-cell lym-
phoma. Another study reported that inflammatory cy-
tokines may be strong markers in determining
treatment response and predicting prognosis in newly
diagnosed DLBCL patients [24].

In this study, we found that a high UHR in patients
with DLBCL was associated with shorter OS, but not
with PFS, and represented an independent adverse
prognostic factor. The fact that UHR is associated with
OS, but not with PFS, suggests that this biomarker re-
flects general systemic metabolic status and concomi-
tant comorbidities rather than lymphoma-specific
tumor progression. Elevated uric acid levels are an in-
dicator of oxidative stress and inflammation and are
closely associated with cardiovascular mortality and
metabolic syndrome [25]. Similarly, low HDL levels
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contribute to atherosclerotic events and increased mor-
tality risk due to reduced antioxidant and anti-inflam-
matory effects [26]. A cohort study reported that UHR
is a strong predictor of both all-cause mortality and
cardiovascular mortality [27]. Therefore, high UHR
may be a marker of systemic inflammation, endothe-
lial dysfunction, and metabolic abnormalities that in-
crease the risk of mortality due to non-lymphoma
causes in DLBCL patients. This situation may explain
why UHR is only effective on OS. Accordingly, the
finding that UHR correlates with overall survival
rather than progression-free survival should be con-
sidered a hypothesis-generating observation, which
necessitates confirmation in well-designed prospective
cohorts with comprehensive cause-specific mortality
data. Our findings indicate that UHR is a meaningful
biomarker in DLBCL, as its elevation is independently
associated with shorter overall survival. Although it is
not associated with progression-free survival, it can
reflect patients' general systemic and metabolic status
and accompanying comorbidities, which makes it
valuable for risk classification and prognostic assess-
ment. Although the specificity of UHR was relatively
low (45.6%), its sensitivity was high (80.5%), suggest-
ing that it may effectively identify patients at increased
risk of poor outcomes. Given that UHR reflects sys-
temic metabolic and inflammatory alterations rather
than tumor biology alone, its clinical utility may be as
a complementary prognostic indicator rather than a
standalone biomarker. Nevertheless, the relatively
modest AUC (0.611) and low specificity represent im-
portant limitations, and UHR should be interpreted to-
gether with established prognostic indices such as the
IPI score.

Given that UHR is a combination of inflammatory
response and lipid metabolism, this marker can serve
as an indicator of systemic metabolic dysfunction and
may contribute to identifying high-risk groups among
DLBCL patients.

Strengths and Limitations

Our study is important in terms of showing the
negative effect of UHR elevation on prognosis in
DLBCL patients. To our knowledge, this is the first
study showing the prognostic value of UHR in newly
diagnosed DLBCL patients. Our limitations are the
relatively small number of patients and the fact that it

was performed in a single center. Also, information on
the causes of death was not available, as survival status
was obtained from hospital electronic records. There-
fore, we could not distinguish between lymphoma-re-
lated and non-lymphoma-related deaths. The
retrospective design of this study limits the ability to
infer causal relationships. Additionally, the relatively
low specificity of UHR observed in the ROC analysis
may restrict its standalone clinical applicability. An-
other limitation is the inability to fully control meta-
bolic factors that may affect HDL.

CONCLUSION

Our study demonstrated that elevated pre-treatment
UHR independently predicts prognosis and is associ-
ated with reduced overall survival in patients with
DLBCL. While these findings do not imply a direct
causal relationship, they suggest that high UHR may
serve as a surrogate marker of systemic metabolic dys-
function linked to poorer clinical outcomes. UHR may
be considered a potential marker that could help iden-
tify high-risk patients in DLBCL patients in addition
to the IPI score. Future prospective studies are war-
ranted to investigate whether interventions targeting
metabolic abnormalities might indirectly improve out-
comes in patients with DLBCL.
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The Role of Systemic Immune-Inflammation Index in
Severe Bicuspid Aortic Stenosis
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ABSTRACT

Objectives: Bicuspid aortic valve (BAV) is the most common congenital cardiac abnormality and often leads
to severe aortic stenosis (AS) at a younger age compared to tricuspid valves. Inflammation plays a key role in
the pathogenesis of AS. This study aimed to investigate the association between the Systemic Immune-Inflam-
mation Index (SII) and disease severity in patients with severe BAV-AS.

Methods: In this retrospective observational study, 76 patients with severe BAV-AS and 76 age- and sex-
matched controls without AS were included. Routine laboratory data and transthoracic echocardiographic pa-
rameters were recorded. SII was calculated as platelet count x neutrophil count / lymphocyte count. The severity
of AS was determined by aortic valve area (AVA) and mean transvalvular gradient. Correlation analyses, Re-
ceiver Operating Characteristic (ROC) curve, and logistic regression were used to assess the relationship be-
tween SII and AS severity.

Results: The BAV-AS group had significantly higher SII values compared to controls (median: 931.7 vs. 534;
P<0.001). SII showed a moderate inverse correlation with AVA (r = —0.547) and a positive correlation with
mean gradient (r=0.535). The optimal SII cut-off for predicting severe BAV-AS was 691 (AUC=0.790), with
sensitivity of 71.1% and specificity of 77.6%. Multivariate analysis identified SII as an independent predictor
of severe BAV-AS (OR: 3.841, 95% CI: 1.395-10.576; P=0.009).

Conclusions: SII is significantly elevated in patients with severe BAV-AS and may serve as a useful inflamma-
tory biomarker for disease burden. Further studies are needed to confirm its utility in clinical decision-making.
Keywords: Bicuspid Aortic Valve, Systemic Immune-Inflammation Index, Aortic Stenosis, Inflammation,
Echocardiography, Biomarkers

mon congenital cardiac malformation, affect-

ing approximately 1-2% of the general
population, and represents a significant risk factor for
the early development of aortic stenosis (AS) [1]. Un-
like tricuspid aortic valves, BAV is associated with ac-
celerated calcification and structural degeneration,
often resulting in severe AS at a younger age [2, 3].

B icuspid aortic valve (BAV) is the most com-

While tricuspid AS tends to develop in the elderly, Se-
vere aortic stenosis in BAV (BAV-AS) patients is par-
ticularly challenging due to its progressive nature and
the need for timely clinical evaluation and intervention
[4]. Despite advances in imaging, early biomarkers to
predict disease severity remain an unmet clinical need.

Aortic stenosis is a progressive disease character-
ized by chronic inflammation, lipid accumulation, my-
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ofibroblast activation, and ultimately valve calcifica-
tion [5, 6]. Emerging evidence supports that AS shares
common pathophysiological mechanisms with ather-
osclerosis, including endothelial dysfunction, oxida-
tive stress, and immune system activation [7, 8].
Accordingly, the interplay between inflammatory and
immune responses has gained increasing interest in re-
cent years, particularly regarding their utility in assess-
ing disease severity and prognosis.

Several hematological markers derived from pe-
ripheral blood counts have been studied in this context,
such as the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and lymphocyte-
to-monocyte ratio (LMR), all of which have demon-
strated associations with valvular disease severity and
adverse cardiovascular outcomes [9-11]. The systemic
immune-inflammation index (SII), which integrates
neutrophil, lymphocyte and platelet counts [(platelet
neutrophil)/lymphocyte], was first described by Hu et
al. [12], as a robust biomarker of inflammatory condi-
tions in oncology patients [13-15]. SII has since been
shown to be associated with severity in numerous car-
diovascular diseases, including coronary artery disease
(CAD) [16], heart failure (HF) [17] and acute myocar-
dial infarction (AMI) [18], but its role in BAV-AS is
unexplored.

Given the unique clinical and anatomical features
of BAYV, it is important to investigate whether SII re-
tains its diagnostic value in this population. The pres-
ent study aims to evaluate the diagnostic utility of SII
in patients with BAV-AS and to examine its correla-
tion with the echocardiographic severity of stenosis.
Our findings could establish SII as a practical, cost-
effective tool for risk stratification in this high-risk
population. This investigation represents one of the
first attempts to apply inflammation-based biomarkers
specifically to BAV-AS.

METHODS
Study Design and Population

This single-center, retrospective, observational
study included patients diagnosed with severe AS due
to BAV who were evaluated at the cardiology outpa-
tient clinic of our institution between 2014 and 2022.
The diagnosis of BAV was confirmed by transthoracic
echocardiography (TTE), based on visualization of a

two-leaflet aortic valve in the parasternal short-axis
view during systole. Patients with confirmed BAV and
echocardiographically severe AS (defined as aortic
valve area [AVA] <1.0 cm? or mean transvalvular gra-
dient >40 mmHg) were enrolled in the study.

A control group consisting of age- and sex-
matched individuals without structural heart disease
or valvular pathology was selected from patients who
underwent routine check-ups during the same period.
Individuals with known chronic inflammatory dis-
eases, hematological disorders, malignancy, recent in-
fection, autoimmune conditions or chronic use of
anti-inflammatory medications (including NSAIDs or
corticosteroids) were excluded from both groups to
minimize confounding effects on inflammatory mark-
ers. Patients with moderate-to-severe aortic regurgita-
tion, more than mild involvement of other valves (e.g.,
mitral or tricuspid), congenital heart diseases other
than BAV, and any previous valve surgery were ex-
cluded from the analysis. Our study complied with the
Declaration of Helsinki and was approved by the local
Ethical Committee of the Karamanoglu Mehmetbey
University, Karaman, Turkey. (Approval date:
04/06/2025, Approval number: 21-2025/04).

Data Collection

Demographic characteristics (age, sex), cardiovas-
cular risk factors (hypertension, diabetes mellitus, hy-
perlipidemia, smoking status), and comorbidities
(atrial fibrillation, coronary artery disease, chronic
kidney disease, chronic obstructive pulmonary dis-
ease) were recorded from electronic medical records.

Venous blood samples obtained from patients on
the day of their outpatient clinic admission were ret-
rospectively retrieved from the institutional database.
Routine laboratory analyses included complete blood
count, renal and inflammatory markers such as C-re-
active protein (CRP, mg/dL). Hematologic parame-
ters—including neutrophil, lymphocyte, and platelet
counts - were measured using an automated hematol-
ogy analyzer (Mindray BC-6000, Mindray Bio-Med-
ical Electronics Co., Shenzhen, China). Serum
creatinine, electrolytes, liver enzymes, and lipid pro-
files were assessed using a Beckman Coulter AU5800
modular chemistry analyzer (Beckman Coulter Inc.,
Brea, CA, USA).

Based on complete blood count results, the Sys-
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temic Immune-Inflammation Index (SII) was calcu-
lated using the following formula: SII= (Platelet
countxNeutrophil count) / Lymphocyte count. All
blood samples were processed within one hour of col-
lection to ensure analytical accuracy. Laboratory as-
sessments were performed within 24 hours of the
echocardiographic evaluation.

Echocardiographic Evaluation

All patients underwent comprehensive two-di-
mensional, M-mode, and Doppler TTE examinations
using a Philips iE33 xMatrix system (Philips Health-
care, Andover, MA, USA) equipped with 2.5- and 3.5-
MHz transducers. Echocardiographic assessments
were performed by experienced cardiologists blinded
to the patients' laboratory and clinical data.

The diagnosis of severe AS was based on standard
echocardiographic criteria. AVA was calculated using
the continuity equation, while the maximum trans-
valvular pressure gradient was derived from peak aor-
tic jet velocity using continuous-wave Doppler. The
mean aortic pressure gradient was calculated based on
the time-velocity integral of the aortic jet signal. In all
participants, left ventricular ejection fraction (LVEF)
was also measured using the modified Simpson’s bi-
plane method.

Statistical Analysis

Data analysis was carried out using IBM SPSS
Statistics version 25.0 (IBM Corporation, Armonk,
NY, USA). As there were more than 50 data points,
skewness and kurtosis values were examined, and the
distribution was considered normal when these values
were within £2 (19). Categorical variables were pre-
sented as frequencies and percentages, while continu-
ous variables were expressed as meanzstandard
deviation (SD) for normally distributed data and as
median with interquartile range (25th-75th percentile)
for non-normally distributed data. Group comparisons
for continuous variables were performed using the in-
dependent samples t-test or Mann—Whitney U test, de-
pending on distribution characteristics. Categorical
variables were compared using Pearson’s chi-square
test. Receiver operating characteristic (ROC) curve
analysis was conducted to evaluate the diagnostic per-
formance of the SII and to identify an optimal cut-off
value for predicting the presence of severe AS. The

optimal threshold was calculated based on Youden’s
index, incorporating both sensitivity and specificity
for SII. Pearson correlation test was conducted in
order to investigate the correlation between mean aor-
tic transvalvular pressure gradient, AVA, and SII. To
determine independent predictors associated with the
presence of severe aortic stenosis, multivariate logistic
regression analysis was performed. Variables with a
P-value <0.15 in univariate analysis were included in
the multivariate models. The models demonstrated ac-
ceptable goodness of fit for model 1 (Hosmer—
Lemeshow ¢*=43.503; P>.05) and model 2
(Hosmer—Lemeshow ¥*=45.801; P>.05). For each
variable, odds ratios (ORs) and 95% confidence inter-
vals (Cls) were reported. The statistical significance
of the results was determined by a P-value of 0.05.

RESULTS

A total of 152 individuals were included in the study,
comprising 76 patients with severe BAV-AS and 76
age- and sex-matched control subjects. The baseline
demographic and clinical characteristics of both
groups are presented in Table 1. The groups were com-
parable in terms of age, sex distribution, and most co-
morbidities. However, hypertension was significantly
more prevalent in the BAV-AS group (82.8% vs.
67.1%, P=0.025). The BAV-AS group also exhibited
significantly lower hemoglobin and albumin levels,
and reduced LVEF compared to controls (P=0.041,
P=0.040, and P=0.002, respectively).

With respect to inflammatory parameters, the
BAV-AS group demonstrated significantly higher neu-
trophil counts, platelet counts, and SII values, while
lymphocyte counts were not significantly different.
Median SII values were markedly elevated in the
BAV-AS group compared to controls (931.7 vs. 534;
P<0.001). Additionally, SII >691 was significantly
more common among BAV-AS patients (72.3% vs.
22.3%; P<0.001).

Echocardiographic evaluation revealed a mean
aortic pressure gradient of 54.2+11.2 mmHg and an
average AVA of 0.64+0.15 cm? in the BAV-AS group.
Pearson correlation analysis showed a significant in-
verse correlation between SII and AVA (r = —0.547,
P<0.001) and a positive correlation between SII and
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TABLE 1. Baseline Demographic and Laboratory Characteristics of the Study Population

Variables Overall BAY group Control group P-value
(n=76) (n=76)

Demographics
Age (year) 66.5+8.7 66.9+8.3 66+9.2 0.537%
Sex (male) 101 (66.4) 52 (68.4) 49 (64.5) 0.721"
BMI (kg/m?) 27.3 (24.4-30) 27.9 (26.4-30) 27.1(25.3-29.7) 0.071¢
Smoking 92 (60.5) 45 (59.2) 47 (61.8) 0.741"

Comorbidities and drugs, n (%)
Diabetes mellitus 69 (45.3) 32 (42.1) 37 (48.6) 0.415"
Hypertension 114 (75) 63 (82.8) 51 (67.1) 0.025"®
Hyperlipidemia 81(53.2) 43 (56.5) 38 (50) 0.416°
Atrial fibrillation 18 (11.8) 10 (13.1) 8 (10.5) 0.616"
CAD 101 (66.4) 52 (68.4) 49 (64.5) 0.621°
COPD 40 (26.3) 18 (23.6) 22 (28.9) 0.461°
GFR < 60mL/min 20 (13.1) 9(11.8) 11 (14.4) 0.631°
ACE inhibitors 53 (34.8) 30 (39.4) 23 (30.2) 0.233"
ARB 41 (26.9) 18 (26.6) 23 (30.2) 0.361°
Statins 56 (36.8) 26 (34.2) 30 (39.4) 0.501"

Laboratory parameters
Neutrophil (x10%/uL) 4.26 (3.6-5.27) 50-6.1) 3.89 (3.54.4) <0.001€
Lymphocyte (x10%/pL) 1.64+0.42 1.61£0.45 1.66+0.38 0.420*
Platelet (x10°%/uL) 260.4+74.4 287.6+77.2 233.3£60.7 <0.001*
SII 659.1 (493.7-1036)  931.7 (627.9-1320) 534 (420.6-681.4)  <0.001¢
SII> 691, n (%) 72 (47.3) 55(72.3) 17 (22.3) <0.001°
Hemoglobin (g/dL) 13+1.59 12.7£1.46 13.3£1.69 0.041*
Albumin (g/L) 4.18+0.33 4.13+0.35 4.24+0.3 0.04*
CRP (mg/L) 1.93+1 1.96+1.1 1.9+0.99 0.112*
LVEF (%) 53.7+£6.93 52.1£7.29 55.4+6.14 0.002°¢
Mean aortic gradient (mmHg) - 54.2+11.2 - )
AVA (cm?) - 0.64+0.15 - -

Continuous variables were shown as mean+standard deviation or median (25" - 75" percentiles) where appropriate. ACE,
angiotensin converting enzyme; ARB, angiotensin receptor blocker; AVA, aortic valve area; BMI, body mass index; CAD,
coronary artery disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; GFR, glomerular filtration
rate; LVEF, left ventricular ejection fraction; SII, systemic immune-inflammation index.

AStudent’s t test, BPearson’s x* test, “Mann Whitney U test. Statistically significant P-values are shown in bold.

mean aortic gradient (r=0.535, P<0.001), as illustrated
in Figures 1 and 2, respectively.

In univariate logistic regression analysis, neu-
trophil count, platelet count, hemoglobin, albumin,
LVEF, and both continuous and categorical SII values
were significantly associated with BAV-AS. In multi-

variate models, SII remained an independent predictor
of severe BAV-AS, whether evaluated as a continuous
(OR: 1.002, 95% CI: 1.001-1.003; P=0.05) or cate-
gorical variable (SII >691: OR: 3.841, 95% CI: 1.395-
10.576; P=0.009), after adjusting for potential
confounders (Table 2).
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FIGURE 1. Correlation between systemic immune-inflammation index and aortic valve area.
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FIGURE 2. Correlation between systemic immune-inflammation index and mean aortic transvalvular pressure gradient.
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TABLE 2. Independent Predictors of Severe Bicuspid Aortic Stenosis by Logistic Regression Analysis

Multivariate analysis—Model 2"

Multivariate analysis—Model 1*

Univariate analysis

Variables

P-value

OR (95% CI)
1.821 (0.687-4.826)
0.382 (0.107-1.366)

0.814 (0.628-1.055)

P-value
0.270

OR (95% CI)
1.720 (0.657-4.504)

0.424 (0.121-1.485)

P-value
0.027
0.042

OR (95% CI)

0.228

2.37(1.1-5.1)
0.356 (0.131-0.965)

0.808 (0.657-0.994)
1.057 (0.77-1.45)

HT

0.139
0.120

0.180
0.124

Albumin

0.822 (0.640-1.055)

0.044

Hemoglobin

CRP

0.734

0.004
0.338

1.854 (1.212-2.836)
1.003 (0.996-1.011)

0.016

1.765 (1.11-2.809)
1.005 (0.997-1.012)

<0.001
<0.001
0.417

2.564 (1.772-3.712)

Neutrophil
Platelet

1.011 (1.006-1.017)
0.729 (0.340-1.565)

Lymphocyte

SII

0.05

1.002 (1.001-1.003)

<0.001
<0.001

0.004
CI, confidence interval; CRP, C-reactive protein; HT, hypertension; LVEF, left ventricular ejection fraction; OR, odds ratio; SII, systemic immune-inflammation

index. #SII presented as a continuous variable, "SII presented as a categorical variable. Statistically significant P-values are shown in bold.

1.004 (1.002-1.005)

0.009
0.140

3.841 (1.395-10.576)
0.955 (0.898-1.015)

0.961 (0.904-1.020)

9.09 (4.34-19)
0.926 (0.880-0.975)

SII>691

0.192

LVEF (%)

To assess the discriminative performance of inflam-
matory markers in identifying severe BAV-AS, ROC
curve analysis was performed for SII, NLR, and PLR.
The area under the curve (AUC) for SII was 0.790
(95% CI: 0.718-0.861, P<0.001), indicating good di-
agnostic accuracy. In comparison, NLR and PLR
yielded lower AUC values of 0.734 (95% CI: 0.663-
0.819) and 0.690 (95% CI: 0.606-0.774), respectively
(Figure 3, Table 3). An SII cut-off value of 691 was
associated with a sensitivity of 71.1% and specificity
of 77.6%. These findings suggest that SII outperforms
other commonly used inflammatory markers in dis-
criminating patients with severe BAV-AS.

DISCUSSION

This study is the first, to our knowledge, to investigate
the relationship between the SII and disease severity
in patients with severe BAV-AS, a relatively underrep-
resented subgroup within the spectrum of valvular
heart disease. While inflammation has long been im-
plicated in the pathogenesis of calcific AS, the appli-
cation of composite inflammatory biomarkers such as
SII specifically to the BAV population has not been
previously explored. Unlike tricuspid AS, BAV dis-
ease is a congenital condition characterized by abnor-
mal cusp morphology, altered shear stress, and
accelerated calcification, resulting in severe aortic
stenosis at a younger age. These distinct pathophysio-
logical mechanisms may also lead to different patterns
of inflammatory activation, making systemic inflam-
matory biomarkers such as the SII particularly relevant
in this subgroup [2, 3]. Our findings demonstrate that
higher SII values are moderate yet significant correla-
tions with reduced AVA and increased transvalvular
gradients in patients with BAV-AS, suggesting a po-
tential pathophysiologic link between systemic im-
mune-inflammatory  activation and  disease
progression in this distinct clinical entity.

Previous studies have established that AS shares
numerous features with atherosclerosis, including en-
dothelial dysfunction, lipid accumulation, and inflam-
matory cell infiltration [5, 7]. Inflammatory activity is
known to contribute to valvular calcification and fi-
brosis, processes that are central to the evolution of
stenotic lesions. In this regard, various inflammation-
based indices such as NLR, PLR, and LMR have been
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FIGURE 3. The ROC curves of NLR, PLR and SII for bicuspid severe aortics stenosis. NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index.

explored in the context of valvular disease severity and
outcomes [9, 11, 20]. However, SII - by integrating
neutrophil, lymphocyte, and platelet counts - provides
a broader representation of the interplay between in-
nate immunity, lymphocyte suppression, and throm-
bopoietic activity. In our cohort, SII demonstrated
superior discriminative ability compared to traditional
inflammatory markers such as NLR and PLR, support-
ing its potential role as a more comprehensive bio-
marker  that integrates  neutrophil-mediated
inflammation, lymphocyte-related immune regulation,
and thrombocytic activity in BAV-AS pathophysiology.

In a previous study by Erdogan ef al. [21] involv-
ing patients with tricuspid aortic valve calcific AS, SII

was significantly elevated in patients with severe AS
and showed moderate correlations with mean aortic
pressure gradient and AVA. Our findings are in align-
ment with that study and extend its implications to the
bicuspid valve population, thereby confirming the po-
tential of SII as a non-invasive, blood-based marker of
hemodynamic severity across different anatomical sub-
types of AS. Notably, the correlation coefficients be-
tween SII and both AVA and mean gradient in our study
(r=-0.547 and r=0.535, respectively) are comparable
to those previously reported in tricuspid AS cohorts,
reinforcing the consistency of this association. These
findings suggest that SII may not only reflect systemic
inflammation but also serve as a surrogate marker of

TABLE 3. ROC Curve Analysis of SII for Bicuspid Severe Aortic Stenosis

Variable AUC (%95) P-value Cut-off Sensitivity (%) Specificity (%)
SII 0.790 (0.718-0.861) 0.001 691 0.711 0.776
NLR 0.734 (0.663-0.819) 0.001 2.78 0.647 0.745
PLR 0.690 (0.606-0.774) 0.001 159.1 0.658 0.645

AUC, area under curve; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ROC, receiver operating
characteristic; SII, systemic immune-inflammation index. Statistically significant P-values are shown in bold.
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valvular disease severity in patients with BAV-AS.

Furthermore, ROC curve analysis in our study
demonstrated good diagnostic accuracy for SII in iden-
tifying BAV-AS, with an AUC of 0.790 and an optimal
cut-off value of 691, providing a sensitivity of 71.1%
and specificity of 77.6%. These metrics are consistent
with prior cardiovascular studies in which SII was
found to be a reliable marker for disease prediction,
including in CAD, HF, acute coronary sydromes, my-
ocardial ischemia on myocardial perfusion scintigra-
phy [16-18, 22-24]. Interestingly, the optimal SII
cut-off identified in our cohort was lower than the
value reported by Erdogan et al. [21] in patients with
tricuspid aortic stenosis. This difference may be attrib-
uted to the younger age profile typically observed in
the BAV population [2, 3], as systemic inflammatory
activity and related indices such as SII tend to increase
with advancing age. Thus, lower SII thresholds may
be more appropriate for younger patients with congen-
ital valve morphology such as BAV. Importantly, our
logistic regression analysis showed that SII remained
an independent predictor of severe BAV-AS even after
adjustment for other hematologic and clinical vari-
ables, underscoring its potential utility in risk stratifi-
cation. Although the SII was identified as an
independent predictor of severe BAV-AS, the odds
ratio (OR = 1.002) may appear modest at first glance.
However, as a continuous variable with a wide range,
even small per-unit increases in SII can translate into
clinically meaningful risk differences when elevated
levels are considered. Similar effect sizes have been
reported for SII in various cardiovascular conditions,
especially when modeling it as a continuous bio-
marker [16, 21].

Our study also revealed that BAV-AS patients had
significantly lower LVEF values than controls, and
this reduction in systolic function was paralleled by
elevated inflammatory indices. This is in agreement
with the findings of Kasapkara et a/. [25], who demon-
strated that increased NLR was associated with de-
creased EF in patients with severe AS. The present
study expands on these findings by showing that SII,
a more comprehensive inflammatory marker, may also
reflect early myocardial impairment in BAV-AS, even
before overt clinical deterioration.

From a clinical perspective, the identification of
elevated SII levels in patients with BAV-AS may offer
practical utility in patient risk stratification. As a readily
accessible and inexpensive biomarker derived from

routine blood tests, SII could be incorporated into clin-
ical workflows to identify patients at higher inflamma-
tory risk who may require more frequent surveillance
or earlier consideration for intervention such as aortic
valve replacement or TAVI. Particularly in patients
with equivocal symptoms or borderline echocardio-
graphic findings, elevated SII may prompt clinicians
to adopt a more proactive management approach. Ad-
ditionally, SII might help to anticipate perioperative
risk or guide multidisciplinary heart team decisions in
the context of surgical planning. Prospective studies
are needed to validate whether serial measurements or
threshold-based approaches can be integrated into clin-
ical algorithms for BAV-AS management.

Strengths and Limitations

To our knowledge, this is the first study to inves-
tigate the clinical relevance of the SII specifically in
patients with severe BAV-AS, a relatively underrepre-
sented but clinically distinct subgroup. By focusing on
this unique population, SII provide novel insights into
the role of inflammatory biomarkers in a congenital
valvular condition with earlier disease onset. Further-
more, the study employed comprehensive echocardio-
graphic assessment and evaluated the correlation of
SII with both anatomical AVA and hemodynamic
(mean gradient) severity indices. The inclusion of
ROC analyses comparing SII with other commonly
used inflammatory markers, such as NLR and PLR,
further strengthens the discriminatory value of SII in
this context.

Nevertheless, several limitations should be ac-
knowledged. The retrospective and single-center de-
sign limits generalizability, and causality cannot be
established. Moreover, while SII reflects systemic in-
flammation, it may be influenced by transient condi-
tions such as infections or other inflammatory states
not fully accounted for. Despite these limitations, our
study provides novel insights into the inflammatory
profile of BAV-AS and highlights the need for
prospective, multi-center investigations.

CONCLUSION

In this study, we demonstrated for the first time that
the SII is significantly associated with disease severity
in patients with severe BAV-AS. Elevated SII values
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were independently correlated with lower AVA and
higher aortic transvalvular gradients, suggesting that
systemic inflammatory burden may play a contribu-
tory role in the progression of valvular obstruction in
this population. Given its simplicity, cost-effective-
ness, and availability from routine blood tests, SII may
serve as a useful non-invasive marker for identifying
patients with advanced BAV-AS. Future prospective,
multicenter studies are warranted to validate these
findings and to explore the potential utility of SII in
risk stratification and clinical decision-making for pa-
tients with bicuspid valve disease.
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ABSTRACT

Objectives: Salmonella is the second gastrointestinal infection in the European Union and the European
Economic Area (EU/EEA). This study aims to identify the academic publications on salmonellosis in EU/EEA
countries.

Methods: This study analyses 2,900 articles published in EU/EEA countries between 2000-2025 using Web
of Science data. Publications were bibliometrically examined.

Results: Germany (1,390 articles) was the leading contributor, followed by France (996 articles). The thematic
focus of the studies was antibiotic resistance (34.5%), molecular characterization of Salmonella enterica
serotypes (28%) and outbreak epidemiology (22%). The annual number of publications peaked in 2021 with
144 articles. In terms of cooperation, the United Kingdom and Germany were the leaders. Thematic evolution
analysis has shown a significant increase in the terms ‘antimicrobial resistance’ and ‘whole genome sequencing’
since 2015.

Conclusions: This study showed that research is dominated by antibiotic resistance and molecular
characterization studies, with Germany leading the publication output.

Keywords: Bibliometric, Publications, Salmonellosis, Sa/monella, Bibliometric Analysis, Antimicrobial
Resistance, Whole Genome Sequencing, EU/EEA, Foodborne Zoonoses

sepsis, and focal mucosal infections, which may result

fections due to non-typhoidal serotypes of Sal-

monella species, excluding typhoid (Sa/monella
Typhi) and paratyphoid (Salmonella Paratyphi) [1].
Salmonella is a foodborne pathogen mainly residing
in the intestines of humans and animals. Infections
produced by this bacterium are associated with several
diseases ranging from gastroenteritis to bacteraemia,

S almonellosis is an inclusive term for enteric in-

fatal, particularly in the most severe cases [2]. Salmo-
nella has a broad host range and serves as reservoirs
of infection a variety of animals, predominantly in-
cluding chickens, pigs, cattle, and reptiles [1, 2]. In
most cases, people get sick from eating raw or under-
cooked infected food. The incubation period and the
symptoms may vary according to the dose of bacteria
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Bibliometric Map of Salmonellosis Publications in EU/EEA Countries

in food and the immune status of the individual [1].
Gram-negative Salmonella organisms are ingested in
contaminated food or spread through the fecal-oral
route [3]. The process by which Salmonella enters the
host cell and disseminates throughout the host is not
completely elucidated; thus, there are still many unre-
solved questions [2].

Salmonella is a bacterial genus having two
species: S. enterica and S. bongori. S. enterica is sub-
divided into 6 subspecies and S. bongori has 22
serotypes [6]. Approximately 99% of human salmo-
nellosis is caused by the enterica subspecies of S. en-
terica. Typhoidal serotypes cause typhoid fever, while
non-typhoidal serotypes (NTS) generally cause self-
limiting gastroenteritis [7]. Whole Genome Sequenc-
ing (WGS) technologies are of great importance for
this bacterium, which has a high capacity for environ-
mental adaptation. WGS has enabled the rapid detec-
tion of strains and the global study of transmission
processes from the environment to hosts using more
than 340,000 genome data, thereby strengthening di-
agnostic processes [8].

In 2022, according to the ECDC, salmonellosis
was the second most reported gastrointestinal infection
in the EU and European Economic Area (60), and a
significant contributor to foodborne outbreaks. There
were 65,967 laboratory-confirmed cases in the area in
2022, 81 of which were fatal (15.5 per 100,000 popu-
lation). The number of cases, which fell in 2020 be-
cause of the COVID-19 pandemic, rose again in 2022,
but was still low relative to pre-pandemic levels. The
incidence rate is highest among children aged 0 to 4
years (81.5 cases per 100,000 population) - tenfold
higher than in adults. Eggs and egg products remain
the most common vehicle for the occurrence of sal-
monella outbreaks and the largest outbreak in 2022
was attributed to chocolate [1].

The increasing number of cases necessitates a
comprehensive bibliometric mapping of the research
environment. The present study conducted a biblio-
metric analysis using academic articles on salmonel-
losis, a foodborne zoonotic disease in EU/AA
countries, to identify research trends, collaborations
and major themes. Therefore, the objective of this
study is to assess the present stage of scientific pro-
duction in the combat against salmonellosis and to es-
tablish the perspectives for the future.

METHODS
Data Source and Search Strategy

In the study, the Web of Science (WoS) Core Col-
lection database was searched on June 2, 2025. The
search was limited to publications indexed in Science
Citation Index Expanded (SCIE) and Emerging
Sources Citation Index (ESCI). The initial search
using the keyword TS=(‘Salmonella’ OR “salmonel-
losis” OR ‘non-typhoidal Salmonella’) identified
51,961 publications.

Inclusion Criteria

*Time Interval: Articles published between Jan-
uary 1, 2000, and May 30, 2025, were included.

*Document Type: Only research articles (exclud-
ing reviews, conference proceedings, etc.) were se-
lected, resulting in 29,343 publications.

*Geographical Scope: Restriction was made to
EU/EEA countries, and 7,096 articles were identified.

*Research Area: Only publications in the fields
of microbiology, infectious diseases, public health, im-
munology, internal medicine, and pediatrics were se-
lected, resulting in a final sample of 2900 articles.

*Definition of the European Union (EU) and
the European Economic Area (EEA) countries: The
European Union (EU) is an economic and political
union of 27 countries. The EU's single market ensures
the free movement of goods, services, capital and peo-
ple between member states. Germany, France, Italy,
Spain, the Netherlands, Belgium, Luxembourg, Den-
mark, Ireland, Austria, Sweden, Finland, Portugal,
Greece, Poland, Hungary, the Czech Republic, Slova-
kia, Slovenia, Estonia, Latvia, Lithuania, Malta, the
Republic of Cyprus, Bulgaria, Romania, Croatia are
the 27 full members of the EU. The AEA (European
Economic Area) countries are Iceland, Liechtenstein
and Norway [9].

Data Extraction, Bibliometric Tools and Metrics

All eligible publications were downloaded from
WoS as plain text files in a single day to ensure time
consistency.

This study explored various aspects such as annual
publication trends, contributions from countries and
institutions, attribute networks, keyword collocation,
top published journals, and thematic evolution,etc.

We conducted a comprehensive analysis with
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various advanced bibliometric tools:

(a) VOSviewer: We uncovered thematic trends in
the field by visualizing author collaborations and key-
word relationships with VOSviewer 1.6.19 [10].

(b) R Studio (Biblioshiny version 4.5.1): Due to
its adaptable structure and statistical properties, we
were able to analyze and demonstrate complex biblio-
metric data [11].

We used a similar methodology to that used by
Jangid et al. [12]. To visualize thematic evolution in
Salmonella research, we identified dominant themes,
emerging trends and literature gaps by analyzing key-
word clusters. In bibliometric analysis, we examined
(1) research volume by number of publications, (2) in-
fluential studies by citation analysis, (3) global collab-
orations by co-authorship networks, (4) thematic shifts
by keyword frequencies and collocations.

This systematic approach provides a robust dataset
to assess the EU/EEA's 25-year profile in Salmonella
research while minimizing selection bias.

(c) Academic evaluation metrics: The H-index
combines the total number of publications and cita-
tions to measure the number and quality of an author's
publications, but it may be insufficient. The G-index
aims to complement the shortcomings of the H-index
by considering the most cited articles. The G-index
means that if the author's citations to at least g highly
cited articles are more than g2, the author's G-index is
g. This better reflects the impact of highly cited arti-
cles. The M-index divides the author's H-index by the
year of publication to remove bias due to publication
time. These indices can also be applied for countries
and journals [13, 14].

As this study is a bibliometric study using publicly
available aggregate data, ethical approval is not re-
quired. No human or animal subjects were involved,
and anonymity has been preserved.

Statistical Analysis

In this study, descriptive statistics (Frequency)
were used to determine annual publication and contri-
bution trends; Network Analysis (Co-authorship and
Co-occurrence Networks) was used to model global
collaborations and keyword relationships; Cluster
Analysis to visualize themes, and Citation Analysis
(H-, G-, and M-index) to measure the impact of pub-
lications. These analyses were performed using

VOSviewer 1.6.19, particularly for author collabora-
tions and keyword mapping, and R Studio's Bib-
lioshiny 4.5.1 package for the analysis and
presentation of complex bibliometric data.

RESULTS
General Information

For our sample, we analyzed data from the year
2000 to 2025, and we included in the analysis 2900 ar-
ticles assembled from 204 sources (journals, books,
etc.) based on inclusion criteria. The annual growth rate
was -3.35%; the average age of the articles was 12.6
years; and the number of citations per article was
35.45. A total of 58,677 references were employed in
the analysis, with 4,849 Keywords Plus (ID) and 3,851
author keywords (DE) i.e. articles. A total of 11,783
authors existed who contributed to the research, and 13
authors wrote singly authored articles. The analysis re-
vealed that 19 articles were authored by one author; the
average number of authors per article was 7.22, and the
rate of international co-authorship was 48.38%.

A total 0f 2,900 articles, 2,800 (96.6%) in Science
Citation Index Expanded (SCI-EXPANDED), 100
(3.4%) in Emerging Sources Citation Index (ESCI)
journals.

In the analysis of the publication style of a total of
2,900 articles; 2,146 articles (74%) were made avail-
able in open access; with the most common access cat-
egory being Gold Open Access for 920 articles
(31.7%), followed by Free to Read for 579 articles
(20%) and Gold-Hybrid for 103 articles (3.6%). Under
the Green open access heading, the published version
of the articles is recorded as 1,574 (54.3%), the sub-
mitted version as 282 (9.7%), and the accepted version
as 155 (5.3%).

These results indicate that most of the documents
are open (green open access, 69.3%), although the per-
centage of gold open access publications is limited
(35.3%). In addition, it is interesting to note that 1 out
of 5 articles (20%) can be accessed for free reading,
however they do not allow or offer the option of down-
loading.

Publications and Citations Per Year

The number of articles fluctuated in the 2000—
2009 period. After 115 articles in 2000, numbers
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Annual Scientific Production

Average Citations per Year

FIGURE 1. (a) Annual scientific production and (b) Average citations per year.

dropped to 77 in 2001, but then increased again to 101
in 2002, and 112 in 2003. The number of articles was
122 in 2004, 100 in 2005, 133 in 2006, 126 in 2007,
106 in 2008 and 127 in 2009.

The distribution of articles during the period
2010-2019 remained relatively stable. It began with

TABLE 1. Citation Topics Micro
Rank Research topic

Citation count

1 Salmonella and Campylobacter 1,785
2 Antimicrobial Resistance 242
3 Bacterial Gene Regulation 100
4 Listeria Monocytogenes 100
5 Quorum Sensing 88
6 Lactic Acid Bacteria 50
7 Bacteriophage 50
8 Gut Microbiota 32
9 Outer Membrane 27
10 Yersinia Pathogenesis 19
11 E. coli Pathogenesis 18
12 Microbial Diversity 18
13 Essential Oil 15
14 Sepsis Immunology 13
15 Iron Metabolism 12
16 Toll-like Receptors 11
17 Bacterial Motility 10
18 Poultry Nutrition 10
19 Water Sanitation

20 RNA Translation Dynamics

133 articles in 2010, declined to 122 in 2011, further
dropped to 91 in 2012 and increased back to 100 in
2013. The number of publications in the last 6 years
rose from 117 in 2014 and 118 in 2015 to 129 in 2016,
107 in 2017, 110 in 2018 and 112 in 2019.

As summarised in Figure 1a, publication numbers
show overall stability during the 2000-2025 period,
although the sudden peak in publication numbers in
2021 and the subsequent decline are noteworthy.

Citation Distribution and Analysis by Research
Topics

(a) Citation analysis of articles

The analysis of articles cited demonstrated a clear
pattern of research focus on a global basis to food-
borne pathogens (Salmonella and Campylobacter
1,785 citations, Listeria 100 citations), and antimicro-
bial resistance 242 citations), along with how bacteria
and sicken or a-foodstuff - (palms 88 citations). The
range of specialty areas covered is impressive and new
niche topics like gut microbiota (32 citations), bacte-
riophages (50 citations) and Yersinia pathogenesis (19
citations) further diversify the research limits. Further-
more, isolated studies, such as artificial intelligence
and health (1 citation) and the epidemiology of lep-
tospirosis (1 citation), suggest interdisciplinary appli-
cations. Less frequently cited but emerging topics are
novel areas such as biomedical Raman spectroscopy
(5 citations), antimicrobial peptides (8 citations), syn-
thetic biology (2 citations) and nanotoxicology (1 ci-
tation). Finally, unbalanced research on clinical and
basic microbiology has been verified but the distribu-
tion in environmental microbiology, biotechnology
and rare infections is an obvious index of research
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TABLE 2. Annual Citation Metrics Analysis
Year Mean total citations per article Number of articles Mean citations per year  Citable years
2000 47.57 115 1.83 26
2001 62.53 77 2.50 25
2002 62.61 101 2.61 24
2003 61.64 112 2.68 23
2004 60.02 122 2.73 22
2005 54.65 100 2.60 21
2006 62.5 133 3.12 20
2007 52.08 126 2.74 19
2008 44.28 106 2.46 18
2009 42.61 127 2.51 17
2010 34.85 133 2.18 16
2011 33.11 122 2.21 15
2012 40.63 91 2.90 14
2013 31.25 100 2.40 13
2014 26.08 117 2.17 12
2015 29.56 118 2.69 11
2016 29.58 129 2.96 10
2017 39.9 107 4.43 9
2018 18.36 110 2.30 8
2019 29.86 112 4.27 7
2020 18.93 107 3.15 6
2021 15.11 144 3.02 5
2022 9.15 130 2.29 4
2023 4.04 114 1.35 3
2024 1.73 98 0.86 2
2025 0.08 49 0.08 1

diversity. Citation counts embody the waves of sci-
ence, especially the food safety and antimicrobial re-
sistance issues, which are urgent worldwide (Table 1).

Table 2 shows the citation performance of reported
articles from the year of publication 2000 to the max-
imal year 2025 of publication. The mean number of
citations for articles published between 2000 and 2006
ranged from 47.57 to 62.61. In 2002 specifically, it set
a 26-year peak at around an average 62.61 citations.
The number of citations was directly related to the
citable years (years since publication). On average, for
the other years the number of citations received by ar-

ticles published in year t-25 was 47.57, while for those
published in year t (11 years accumulated), 29.56 ci-
tations were received. The 2020-2025 period is show-
ing a strong decline. Instead, 2023 articles were cited
at a mean of 4.04 times, which fell to 0.08 times by
2025. This indicates that the time to impact of the ar-
ticles would be too short for any newly published ar-
ticles to have been cited. Articles from 2017 have the
highest average number of citations/year (n=4.43) for
a given year; the citation curve peaks around 7-10
years after publication. The average number of cita-
tions per year is presented in Figure 1b.

36



Eur Res J. 2026;12(1):32-50

Bibliometric Map of Salmonellosis Publications in EU/EEA Countries

TABLE 3. The Top Funding Agencies

Rank Funding agency Country/region Record count
1 European Union (EU) Multi-country 169
2 German Research Foundation (DFG) Germany 132
3 Spanish Government Spain 119
4 United States Department of Health & Human Services USA 115
5 National Institutes of Health (NIH) USA 105
6 UK Research and Innovation (UKRI) United Kingdom 93
7 Wellcome Trust United Kingdom 66
8 Biotechnology and Biological Sciences Research Council (BBSRC)  United Kingdom 54
9 Swedish Research Council Sweden 48
10 Medical Research Council (MRC) United Kingdom 46
11 Fundacdo para a Ciéncia e a Tecnologia (FCT) Portugal 45
12 NIH National Institute of Allergy & Infectious Diseases (NIAID) USA 44
13 Agence Nationale de la Recherche (ANR) France 43
14 Federal Ministry of Education & Research (BMBF) Germany 36
15 Bill & Melinda Gates Foundation USA 34
(International)
16 Consultative Group on International Agricultural Research (CGIAR) International 30
17 Swiss National Science Foundation (SNSF) Switzerland 27
18 Coordenagdo de Aperfeicoamento de Pessoal de Nivel Superior Brazil 24
(CAPES)
19 Institut Pasteur France 24
20 European Research Council (ERC) European Union 23
21 FWO (Research Foundation - Flanders) Belgium 22
22 Instituto de Salud Carlos I11 Spain 22
23 Science Foundation Ireland (SFI) Ireland 22
24 Bill & Melinda Gates Foundation Grand Challenges Explorations USA 21
Initiative (International)
25 Ministry of Health Italy 21
Funding Agencies Biotechnology and Biological Sciences Research

Subsequently, with regards to the analysis of most
funding institutions, the European Union is the leading
performer, with 169 publications, followed by the Ger-
man Research Foundation (DFG) with 132 and the
Spanish Government with 119. Among US institu-
tions, US department of Health & Human Services
and National Institutes of Health are the key funders
with 115 and 105 publications. The top contributing
provider was UK Research and Innovation, with 93
publications, followed by Wellcome Trust (n=66),

Council (n=54) and Medical Research Council (n=46).
From the Nordic countries, the Swedish Research
Council could be cited 48 times, whereas Agence Na-
tionale de la Recherche and Institut Pasteur, France
could be cited 43 and 24 times, respectively. The Bill
& Melinda Gates Foundation shows the highest num-
ber of publications (n=34) and the Consultative Group
on International Agricultural Research (CGIAR) fol-
lows with 30 publications. With respect to developing
regions, Brazil’s CAPES program was notable for 24
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TABLE 4. Top Published Countries

Country Number of Total Average EU/EEA
Articles Citations Citations/Article Member?
Germany 1390 17,103 44.70 Yes
France 996 10,656 35.60 Yes
Spain 876 8,975 30.10 Yes
United kingdom (uk) 662 4,86 40.20 No
Italy 648 5,528 27.80 Yes
Usa 643 6,621 51.30 No
Denmark 634 8,297 40.90 Yes
Belgium 445 4,157 37.80 Yes
Netherlands 403 4,648 40.80 Yes
Sweden 403 4,241 37.50 Yes
Ireland 321 4,356 46.80 Yes
Portugal 232 1,832 30.00 Yes
Poland 203 742 11.60 Yes
China 176 777 20.40 No
Switzerland 162 3,355 90.70 No
Greece 152 984 19.70 Yes
Norway 136 1,369 38.00 Yes
Canada 134 2,099 65.60 No
Finland 116 894 27.10 Yes
Brazil 115 597 20.60 No
Czech republic 111 1,227 28.50 Yes
Austria 107 1,023 39.30 Yes
Australia 75 574 33.80 No
Slovakia 74 462 13.60 Yes
Hungary 66 436 18.20 Yes
India 56 431 28.70 No
Israel 53 618 41.20 No
Iran 52 51 7.30 No
Bulgaria 51 189 11.80 Yes
Romania 39 - - Yes
Croatia 25 - - Yes
Estonia 22 - - Yes
Slovenia 22 - - Yes
Luxembourg 19 - - Yes
Iceland 8 - - Yes
Lithuania 6 - - Yes
Latvia 5 - - Yes
Cyprus 3 - - Yes
Malta 3 - - Yes
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publications, whereas the Swiss National Science
Foundation (n=27), Belgium’s FWO (n=22), and the
Irish Science Foundation (n=22) were standout among
other European countries (Table 3).

Distribution of Publications by Region

Looking into multi-authored publications, Ger-
many (n=1,390) was the most frequently occurring
country considering the countries of all authors.
France (n=996), Spain (n=876), Italy (n=648) and
Denmark (n=634) are the other most productive coun-
tries among the EU/EEA countries. In addition, China
(n=176) and Switzerland (n=162) show their active
participation in the global research network outside
the EU/EEA. These results reflect the core position of
Europe in Salmonella research, indicating a significant
proportion of international cooperative studies. When
considering author affiliations only, Germany
(n=1,390) leads significantly. With respect to
EU/EEA, France (n=996), Spain (n=876), Italy
(n=648) and Denmark (n=634) are likewise among the
other most productive countries. Outside the EU/EEA,
the UK (n=662) and the USA (n=643) are also well in-
putting countries, as well as China (n=176) and
Switzerland (n=162), showing the strength of their con-
nections to the global research network. These results

Country Production over Time

1000

Articles

500

indicate the importance of Europe in academic re-
search, but they are also indicative of the common in-
volvement of authors from around the world (Table 4).

Table 4 demonstrates the academic publication
performance of selected countries in terms of publica-
tion output, total citations and average citations per
publication. While Germany (1,390 publications,
17,103 publications) is the clear leader in terms of
publications and citations, it has significantly lower
citations per article (n=44.70) than countries like
Switzerland (n=90.70), USA (51.30) and Ireland
(46.80). Whereas Switzerland demonstrates the quality
of its publications with it citations per article and the
USA stands out with its high average citation (51.30)
despite its modest number of publications (n=643).
European nations are prominent in academic terms oc-
cupying 9 of top 10 (non-USA), however, the likes of
Canada (n=65.6) and Malawi (n=65.70) rank high in
average citations received, unexpectedly. On the other
hand, Poland (n=11.60), Bulgaria (n=11.80) and Iran
(n=7.30) are demonstrating low impact of research
with low average of citations.

Analysis of the country—wise distribution of aca-
demic publications on Salmonella during 2000-2025
provided important insights into trends in the research
activity and outcome (Figure 2). On the contrary, from
43 in 2000, Germany showed a constant rise and 1390
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FIGURE 2. Countries' production over time.
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publications in 2025, retaining the unassailable lead.
Notably, the speed of increase in number of publica-
tions grew since 2016 (2016: n=731 — 2025: n=1,390
France: 2000 45th, 2025: 996 2nd. For Spain, the op-
posite is true; with 28 publications in 2000, Spain has
the third place in 2025 with 876 publications. The rate
of growth of both countries is very similar in both
2004-2014. Italy’s article output is the fourth largest
having increased from 14 in 2000 to 648 in 2025. Par-
ticularly the sharp rise after 2015 (2015: n=273 —
2025: n=648) is remarkable. The United Kingdom was
ranked fifth, The UK started in 2000 with 15 articles
to write 662 articles in 2025.

In every country there is a marked acceleration in
the number of publications in the 2010-2020 period,
with average annual growth rates ranging between 8%
and 12% in this period. These figures show that the
number of publications decreased in all countries dur-
ing the pandemic period (i.e., 2020-2022).

These data clearly reveal the leading role of Eu-
ropean countries in the Salmonella research, and the
rapid increase in research potential of the field, espe-
cially in Germany. These trends are visualized in
greater detail in Figure 2.

lebanon
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Co-Authorship Analysis between Countries

The Vos Viewer visualization in Figure 3 impres-
sively captures the network of academic cooperation
between countries through the thickness of lines, col-
ors and node sizes. The thickness of the lines repre-
sents the link strength (Total Link Strength - TLS)
between countries, e.g. a thick line between the UK
(876 TLS) and Germany (844 TLS) indicates intense
academic interaction between these two countries.
Nodes of the same color indicate common collabora-
tion groups (e.g. European countries clustered in the
same color cluster). The size of the nodes is directly
proportional to the number of publications of the coun-
tries; large nodes, such as Germany or the USA, em-
phasize high academic productivity. While the image
maintains the dominance of traditional research cen-
ters (UK, USA, Germany), it also reveals that coun-
tries such as Vietnam (172 TLS) or Ghana (104 TLS)
are integrated into the global network with unexpected
connectivity. Color groups also make interdisciplinary
interactions visible, reflecting geographical or the-
matic clusters of cooperation. These details show how
the image presents not only quantitative but also qual-
itative dynamics of cooperation. According to Figure
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TABLE 5. Top Published Affiliations

Affiliation Country Articles
Technical University of Denmark Denmark 164
Institut Pasteur France 150
Robert Koch Institute Germany 128
Statens Serum Institut Denmark 118
University of Copenhagen Denmark 104
KU Leuven (Katholieke Universiteit Leuven) Belgium 79
Karolinska Institutet Sweden 74
University of Osnabriick Germany 63
European Centre for Disease Prevention and Control (ECDC) European Union 62
University of Porto Portugal 60
University of Oxford United Kingdom 59
Utrecht University Netherlands 58
University College Dublin Ireland 57
Instituto de Salud Carlos I1I Spain 55
University of Oviedo Spain 54
Ghent University Belgium 53
Hannover Medical School Germany 51
University of Seville Spain 50
Free University of Berlin Germany 49
University of Barcelona Spain 49
Uppsala University Sweden 47
Braunschweig University of Technology Germany 46
National Institute for Public Health and the Environment (RIVM) Netherlands 46
Institute of Tropical Medicine Belgium 43
Veterinary Research Institute Belgium 43

3, the UK stands out as the country with the strongest
academic collaboration network (876 total link
strength), followed by Germany (n=844) and the USA
(n=736). European countries such as France (n=555),
Denmark (538) and Italy (380) exhibit strong link net-
works, while the Netherlands (n=377), Spain (n=358),
Belgium (n=329) and Sweden (n=325) also stand out
as important centers of academic interaction. Coun-
tries such as Ireland (n=280), Switzerland (n=201) and
Canada (n=190) have medium-sized but effective net-
works, while developing countries such as Vietnam
(n=172), Bangladesh (n=149) and Ghana (n=104)
show surprisingly high connectivity strength. In
Africa, Tanzania (n=97), Madagascar (n=94), Senegal

(n=94) and Burkina Faso (n=92) have a more active
academic cooperation profile than expected, while in
Asia, countries such as South Korea (n=139), Thailand
(n=73) and Pakistan (n=71) have also gained a
foothold in the global network. Large economies such
as Brazil (n=76), India (n=75) and Egypt (n=73) ex-
hibit lower than expected connectivity, while countries
such as Japan (n=49), Greece (n=46) and Iran (n=32)
are represented by relatively weak network structures.
Among the smaller countries, Luxembourg (n=90) and
Estonia (n=27) have proportionally strong connec-
tions, whereas countries such as Turkey (n=21), Rus-
sia (n=21) and Chile (n=24) have a limited presence
in global academic networks.
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Affiliations' Production over Time
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FIGURE 4. Top published affiliations' production over time.

Top Published Affiliations

Denmark appears among the countries with the
most publications linked to the Technical University
of Denmark (164 articles) and the University of
Copenhagen (104 articles), whereas Germany is the
country most represented with 5 institutions including
the Robert Koch Institute (128 articles). Other major
contributors are France (Institute Pasteur, 150 articles),
Belgium (KU Leuven, 79 articles) and Sweden
(Karolinska Institute, 74 articles). Table 5 also in-
cludes institutions as ECDC, European Union institu-
tion (62 articles), and the University of Barcelona
(Spain) (49 articles). For the most part, Northern and
Western European nations appear to be overrepre-
sented in academic publications. Table 5 compares the
academic publication impacts of key research insti-
tutes within Europe.

Figure 4 compares the research performance of the
top five institutions in the publication rankings for
2000-2025. There is a trend towards increasing publi-
cation for all organizations, although the rate of
growth varied among organizations. Institute Pasteur
were the initial leaders with 11 publications in 2000,
and rapid expansion was seen at the Technical Univer-
sity of Denmark from 1 in 2006 to 164 in 2024. Also,
RKI and Statens Serum Institut both with the same
speed to the middle group. The University of Copen-

hagen came next, seeing a smaller but steady rise from
one paper in 2000 to 104 in 2025. The article makes a
feature of the different development paths which the
institutions have followed since their creation.

Journals

Table 6 summarises the most frequently published
journals and their academic impact. For example, Ap-
plied and Environmental Microbiology (139 articles
and h-index of 58 and 9.619 cites) and Infection and
Immunity (139 articles and h-index of 52, 8. 225 cita-
tions) that have achieved a more significant visibility
in terms of total publications and impact factor, fol-
lowed by Frontiers in Microbiology (n=145) that pres-
ent the highest output, but a lower H-index indicating
that the articles have not been cited enough; other rel-
evant journals are Journal of Bacteriology (H-index:
42), Antimicrobial Agents and Chemotherapy (H-
index: 45), and Molecular Microbiology (H-index:
48), whereas the most recent journals as Microorgan-
isms and Pathogens present lower metrics which in-
dicate that they are in their expanding phase. The
number of publications in the top five journals over
the years 1s summarised in Figure 5. Frontiers in Mi-
crobiology began as a new journal in 2013 and demon-
strated a very dynamic development, with as many as
145 publications in 2025. Applied and Environmental
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TABLE 6. Top Published Journals and Their Local Impact

Journal h_index g index m_index Total Number of Year of start of
citations publications publication
Frontiers In Microbiology 30 48 2,308 3239 145 2013
Applied and Environmental 58 94 2,231 9619 139 2000
Microbiology
Infection and Immunity 52 85 2 8225 139 2000
Journal of Bacteriology 42 64 1,615 4629 100 2000
Epidemiology and Infection 31 44 1,192 2605 98 2000
Journal of Applied Microbiology 35 54 1,346 3381 94 2000
Journal of Antimicrobial 44 73 1,692 5507 93 2000
Chemotherapy
Journal of Clinical Microbiology 42 64 1,615 4489 93 2000
Antimicrobial Agents and 45 73 1,731 5704 92 2000
Chemotherapy
Molecular Microbiology 48 81 1,846 7267 81 2000
Microorganisms 13 18 1,857 605 77 2019
Eurosurveillance 26 40 1,529 1837 75 2009
Antibiotics-Basel 14 21 1,273 589 60 2015
FEMS Microbiology Letters 22 41 0,846 1817 57 2000
PLOS Pathogens 29 50 1,813 3048 50 2010
Emerging Infectious Diseases 28 50 1,077 3025 50 2000
Cellular Microbiology 29 45 1,115 2555 45 2000
BMC Microbiology 24 39 1,263 1592 45 2007
Letters in Applied Microbiology 22 35 0,846 1273 44 2000
PATHOGENS 11 17 1,571 373 42 2019
Microbiology -SGM 22 35 0,88 1231 38 2001
Microbes and Infection 22 37 0,846 1744 37 2000
Journal of Microbiological 16 35 0,615 1271 35 2000
Methods
MBIO 22 34 1,467 1164 34 2011
Microbiology Resource 5 7 0,625 81 33 2018
Announcements

Microbiology and Infection and Immunity have
reached 139 publications each with a continuous in-
crease since 2000, while Journal of Bacteriology
started from 4 publications in 2000 and plateaued at
100 with a recent increase since 2009. Epidemiology
and Infection had 10 documents in 2000 and 98 in
2000 with a rate of increase between the years 2010.
Overall, Infection and Immunity and Applied and En-
vironmental Microbiology are the journals that have

shown earlier more publications, while Frontiers in
Microbiology has shown more publication in recent
years. Journals of Bacteriology and Epidemiology and
Infection maintained similar levels of publications.

Keywords Analysis

The keyword analysis performed with VOSviewer
reveals the thematic trends and scientific relationships
of research on Salmonella in detail. While the key-
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word ‘Salmonella’ (599 occurrences, 1061 TLS) is at
the centre of the studies, it is seen that research in this
field is mainly concentrated on four main axes.

The primary focus is on antibiotic resistance issues
such as ‘antimicrobial resistance’ (134 occurrences,
363 TLS) and ‘antibiotic resistance’ (63 occurrences,
138 TLS). In this context, specific resistance mecha-
nisms such as ‘multidrug resistance’ (43 occurrences,
99 TLS), “fluoroquinolones” (18 occurrences, 46
TLS) and ‘colistin resistance’ (10 occurrences, 27
TLS) stand out. The second thematic cluster focuses
on the molecular characterisation of pathogen species
such as ‘Salmonella typhimurium’ (123 occurrences,
216 TLS), ‘Salmonella enterica’ (96 occurrences, 167
TLS) and ‘Salmonella enteritidis’ (70 occurrences, 132
TLS). The third and fourth main research areas are epi-
demiological studies, with molecular typing methods
such as PFGE (44 occurrences, 102 TLS), whole
genome sequencing (36 occurrences, 93 TLS) and
MLST (15 occurrences, 44 TLS) and public health ap-
plications such as outbreak (21 occurrences, 36 TLS)
and surveillance (33 occurrences, 77 TLS) (Figure 6a).

Figure 6b shows the most frequently used key-
words visualised with Worcloud. The Wordcloud
analysis generated with Biblioshiny package of Bib-
liometrix reveals the thematic foci of research on Es-
cherichia coli and Salmonella species (especially

Typhimurium and Enteritidis serotypes). While ‘Es-
cherichia-coli’ (n=620), ‘typhimurium’ (n=393) and
‘identification’ (323) are the most frequently encoun-
tered terms in the analysis, terms such as “resistance”
(n=236), ‘antimicrobial resistance’ (n=172) and ‘an-
tibiotic-resistance’ (140), which indicate resistance
mechanisms, indicate that a significant portion of the
research focuses on antibiotic resistance. Terms related
to virulence factors such as ‘virulence’ (n=221), ‘iii
secretion system’ (n=110) and “invasion” (n=80) in-
dicate that the mechanisms of pathogenicity have been
intensively studied, while specific pathogen designa-
tions such as ‘enterica serovar typhimurium’ (203),
‘serovar typhimurium’ (n=94) reflect the level of tax-
onomic detail of the studies. Molecular characterisa-
tion studies are represented by the term’s ‘gene’
(n=107), ‘gene-expression’ (n=109), ‘sequence’
(n=121) and ‘molecular characterisation’ (n=80),
while epidemiological studies are represented by key-
words such as ‘prevalence’ (175), “outbreak™ (104)
and ‘epidemiology’ (n=85). The terms ‘infection’
(n=209), ‘infections’ (n=160), ‘humans’ (n=96) and
‘disease’ (n=75) reflecting the clinical and public
health dimension, as well as terms such as “poultry”
(n=67) and ‘animals’ (n=64) indicating zoonotic links,
point to the interdisciplinary nature of the studies. In
particular, the emphasis on specific resistance models
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FIGURE 6. (a) Keyword analysis with Vosviewer, (b) Word cloud and (c) Words' frequency over time.

such as ‘multidrug resistance’ (n=63) and ‘dt104’
(n=60) indicates that research focuses on current
health threats.

Thematic Mapping and Factorial Analysis

When the keyword usage trends in studies con-
ducted between 2000 and 2025 are analyzed, a steady
increase is observed for all terms. 'Escherichia-coli’
(from 16 in 2000 to 620 in 2025) and “typhimurium”
(from 20 to 393) are the two most dominant terms, in-
dicating that studies have largely focused on these
pathogens. Increases in the term’s “identification”
(9—323), “resistance” (6—236) and “virulence”

(7—221) reflect the growing interest in research on
pathogen identification, antibiotic resistance and vir-
ulence mechanisms. The significant increase in the
term ‘enterica serovar typhimurium’ (1—203), espe-
cially after 2010, indicates that studies are moving to-
wards more specific pathogen characterization. The
steady increase in molecular biology terms such as
‘expression’ (11—189) and ‘genes’ (5—208) indicates
that research is focusing on the genetic level. The
sharp increases observed for all terms in the 2020-
2025 period probably reflect the importance given to
post-pandemic infectious disease research. These data
quantitatively illustrate the thematic evolution and
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change in priorities of microbiology research over a
25-year period. Figure 6¢ shows a summary of the
word frequency analysis by year.

The trend topic analysis and the topic dendrogram
(Figure 7a, Figure 7b) described the chronology of the
development of microbiology over time, characteriz-
ing three main periods: the previous period (early
2000s) in which predominate of molecular basic tech-
niques, such as, “field gel-electrophoresis™ (2003-
2008-2013) and “gene” (2003-2009-2016), and
pathogens identification, such as “%typhimurium%>
(2010-2018-2004) and “%enteritidis%” (2010-2019-
2005). The rise in the occurrence of “identification”
(2006-2011-2018), “expression” (2006-2012-2019),
and “protein” (2006-2012-2018) in the intermediate
period (2006-2014) is indicative of research moving
towards functional genomics and proteomics, whilst
the use of “virulence” (2007-2014-2020) and “genes”
(2007-2014-2019) suggest an increasing interest in
pathogenicity mechanisms. In the more recent era
(after 2015), the apparent ascent and dominance of
‘disease’ (2015 > 2018 > 2022) and to a lesser extent
‘antimicrobial resistance’ (2009-2021) suggests a
growing importance of clinical consequences and re-
sistance mechanisms.

DISCUSSION

In this study, a total of 2900 articles published in the
period covering the years 2000-2025 were analyzed
and the status and future trends in salmonellosis re-
search were examined in detail. The analysis results
reveal that salmonellosis studies have increased sig-
nificantly, especially in the last 10 years. One of the
most striking findings of our study is the sudden in-
crease in the annual number of publications observed
in 2021. After a relative decrease in 2020, the first year
of the COVID-19 pandemic, the highest number of
publications of all time was reached with 144 articles
in 2021. This shows that interest in foodborne
pathogens has increased in the post-pandemic period.
Interestingly, Jangid et al.’s study [15] and the current
study confirm an increase in the number of publica-
tions in the 2020-2021 period despite COVID-19.
However, this increase is more pronounced in E. coli
studies (15.2% increase) [15]. In our study, a 34.5%
increase was recorded in 2021, but a rapid decrease

was observed in the following years. According to
ECDC 2022 data, information on Salmonella
serotypes and serogroups was provided in 83.1% of
confirmed salmonellosis cases in EU/EEA countries.
The four most common Salmonella serotypes in 2022
were S. Enteritidis (48.9%), S. Typhimurium (10.6%),
monophasic S. Typhimurium 1, 4, [5], 12: 1:- (10.2%)
and S. Infantis (2.2%), respectively. The number of
cases of serotypes other than monophasic S. Tj-
phimurium decreased compared to the 2018-2021 av-
erage (except for the UK). In the last five years
(2018-2022), 108 different serotypes were identified
with more than 100 cases each, 26 of which reached
their highest number of cases in 2022. Multi-country
or national outbreaks have been reported in Europe for
10 of these serotypes. On the other hand, 7 serotypes
that reported more than 100 cases between 2018 and
2022 were reported to have reached their lowest num-
ber of cases in 2022 [1].

As Salmonellosis is the second most common
zoonosis in the EU after campylobacteriosis, and the
European Food Safety Authority (EFSA) provides sci-
entific support for reduction targets by combating this
disease, which causes over 91,000 cases annually and
an economic burden of up to 3 billion euros, through
an integrated ‘farm-to-fork’ approach that addresses
the risk of transmission primarily from eggs and raw
meat [16]. This could also be a reason for the increas-
ing scientific output.

Comparing the findings of this study with the bib-
liometric analysis of Escherichia coli O157 by Jangid
et al. [15] reveals striking similarities and differences
in foodborne zoonotic disease research. Although both
studies focus on pathogens that are critical to food
safety, they differ significantly in terms of geographic
distribution, research priorities, and methodological
approaches. The study by Jangid et al. [15] highlighted
the global burden of infections caused by E. coli O157
(~420,000 deaths per year) and the dominance of the
USA in this area. Our study highlights the epidemio-
logical burden of salmonellosis in EU/EEA countries
(~155,000 deaths per year) and Europe's research lead-
ership. While our study found that salmonellosis re-
search in EU/EEA countries was led by Germany
(1,390 publications) and France (996 publications),
Jangid et al. [15] reported the absolute dominance of
the USA (42.3% contribution) in £. coli O157 research.
According to the Global Burden of Disease Study
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2019, which examined global mortality associated with
33 bacterial pathogens in 2019, Escherichia coli was
associated with 950,000 deaths worldwide in 2019,
Salmonella species (including typhoid and non-inva-
sive typhoid types) caused a total of 397,000 deaths.
These findings demonstrate that these bacteria play a
significant role in the global disease burden and are pri-
ority pathogens for public health interventions [17].

Abdul’s bibliometric analysis study [18] examined
the risks of Bacillus cereus to food safety and exam-
ined research trends focusing on the toxin production,
resistance mechanisms and behavior of this pathogen
in different food matrices. The study revealed that
China, South Korea and the USA are prominent in
publications in this field [18]. The bibliometric study
by Sweileh ef al. on Campylobacter (2000-2015) re-
veals that the USA (23.6%) and European countries
are dominant [19]. Kilig¢ Altun et al. [20]'s bibliometric
analysis study on S. Typhi examined the global char-
acteristics of S. Typhi research over 52 years with WoS
data. The USA is the leader with the most publications
(1,332 articles) and funding (United States Depart-
ment of Health and Human Services). Interestingly,
both our study and Jangid et al.” study [15] show that
the UK and China stand out with their strong interna-
tional collaborations, highlighting the importance of
global collaborations in foodborne pathogen research.

While our study highlights the collective contri-
butions of institutional structures such as the Technical
University of Denmark (164 publications) and the In-
stitute Pasteur (150 publications), Jangid et al.” study
[15] shows that individual researchers such as Doyle
MP (84 publications, H-Index: 49) lead the field. This
reflects the institutional collaboration-based structure
of the research culture in Europe.

While Jangid’s study [15] highlights the financial
contributions of American institutions such as the NIH
and USDA, our analysis is dominated by European-
based funders such as the European Union (169 publi-
cations) and the German Research Foundation (DFG,
132 publications), demonstrating the critical role of re-
gional funding policies in shaping the research agenda.

Among the journals examined in our study, tradi-
tional high impact factor journals such as Applied and
Environmental Microbiology (IF: 5.2) and Infection
and Immunity (IF: 4.8) were found to be leading jour-
nals in salmonellosis research. In contrast, Jangid's
analysis [15] revealed that open access journals such

as Frontiers in Microbiology (IF: 6.1) and Scientific
Reports (IF: 4.6) were more preferred (38.4%) in E.
coli O157 research. Interestingly, Antimicrobial
Agents and Chemotherapy was in the top 5 in both
studies, indicating the importance of antimicrobial re-
sistance research for both pathogens. Also, Kili¢ Altun
et al. [20] reported that the most influential journal
was Infection and Immunity.

While new generation technologies such as
"CRISPR-CAS", "LAMP" and "phage therapy" were
prominent in the word cloud and dendrogram analysis
of Jangid ef al. [15], traditional molecular techniques
such as "whole genome sequencing” (23.1%), "PFGE"
(18.7%) and "MLST" (12.4%) were dominant in the
word frequency analysis of our study. In addition our
study showed that, TLS for keywords related to an-
tibiotic resistance had more than doubled after 2015.
Our trend topic analysis revealed a significant increase
in the terms "antimicrobial resistance" (34.2%) and
"multidrug resistance" (28.5%) after 2015, while in-
novative concepts such as "biosensors" (21.8%) and
"nano-diagnostics" (17.3%) were more prominent in
Jangid et al's study [15]. Our thematic mapping analy-
sis showed that salmonellosis research was clustered
into four main clusters: resistance patterns in clinical
isolates (32.6%), foodborne outbreaks (28.4%), mo-
lecular epidemiology (25.1%), and animal reservoirs
(13.9%). In contrast, Jangid ef al.'s dendrogram analy-
sis revealed a different distribution of £. coli O157 re-
search: rapid diagnostic technologies (39.2%),
antibiotic alternatives (31.7%), food processing tech-
nologies (19.4%), and genomic epidemiology (9.7%).
This comparison highlights the clear differences in re-
search priorities for the two pathogens; salmonellosis
research is driven by traditional epidemiology and
clinical focus, while E. coli O157 research focuses
more on diagnostic technologies and treatment alter-
natives. Abdul's bibliometric analysis study [18] re-
vealed that sustainable control strategies such as
probiotics and bacteriocins have received increasing
attention in publications on B. cereus. In the biblio-
metric study on Campylobacter by Sweileh et al. [19],
research themes focused on antimicrobial resistance
(especially to quinolones) and public health burden.
In the study by Kili¢ Altun et al. (18), typhoid vac-
cines, systemic infections and diagnostic methods
were reported to be the most prominent themes in pub-
lications [20].
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Strengths and Limitations

The strengths of this study lie primarily in its abil-
ity to conduct an in-depth analysis of long-term trends
in Salmonella research, thanks to its broad time span
of 25 years (2000-2025) and its regional approach fo-
cusing on EU/EEA countries. On the methodological
front, the use of up-to-date and advanced bibliometric
tools such as VOSviewer and R Studio (Biblioshiny)
enables the reliable mapping of complex collaboration
and thematic relationships through network analysis
and clustering. This allows the study to present origi-
nal and important findings of high strategic value for
research policies.

This study also has limitations, such as database
selection bias, language- and region-coverage, time
delay in the process of a citation analysis and exclu-
sion of grey literature. The review was limited to the
WoS Core Collection indexed journals/ source, and
this may have excluded potentially relevant studies
from non-WoS core indexed journals or non-English
languages. As 2025 has not yet been completed, data
for this year cannot be fully evaluated. The study did
not include important research in other languages, es-
pecially from non-English-speaking EU/EEA coun-
tries, potentially influencing the generalizability of the
findings. The study also excluded conference ab-
stracts, government reports and preprints and those
missing because experiences data and preliminary
findings may be available in these sources that were
not published yet in peer-reviewed journals. The study
underscores the involvement of large western Euro-
pean institutions, which does not necessarily reflect
the work being performed by smaller and/or less well-
endowed centers in eastern and southern Europe. De-
pending on author-supplied keywords, and WoS's
"Keywords Plus" may not adequately reflect all perti-
nent topics, when Sal/monella research is approached
in an interdisciplinary way such as when discussing
Veterinary Medicine, Food Safety, or Environmental
Microbiology. Furthermore, the bibliometric approach
concentrated on metadata and not full-text, and could
potentially overlook subtle discussions of pathogenic-
ity mechanisms, treatments, or case study particulars.

CONCLUSION

This bibliometric study shows emerging trends, col-

laborations and prominent publication trends in sal-
monellosis research in EU/EEA countries from 2000
to 2025. In this study, Germany, France and Spain
were found to be the most productive in terms of work,
together with other countries, especially the UK and
the US. Over time, it was understood that the research
focus shifted from basic microbiological definitions to
antimicrobial resistance, molecular epidemiology and
public health applications. Future EU funding frame-
works such as Horizon Europe should prioritise col-
laborative TGD surveillance networks.

Although antibiotic resistance is the most fre-

quently emphasized topic in salmonellosis research,
the use of cutting-edge technologies such as whole
genome sequencing (WGS) has become very impor-
tant in pathogen monitoring and outbreak control.
However, it was concluded that cutting-edge areas
such as synthetic biology, bacteriophage therapies and
nanotechnology have not yet received sufficient atten-
tion and may be the subject of future research. A
48.38% international co-authorship rate and TLS in-
creases in keywords related to TGD highlight the trend
towards collaborative, genome-focused research.
In summary, this analysis provides a comprehensive
resource to assess the current status and prospects of
Salmonella research, highlighting the importance of
interdisciplinary collaboration and creative problem
solving in combating foodborne zoonotic diseases.
These findings necessitate the strategic prioritisation
of EU-wide genomic consortia to combat emerging re-
sistance threats.
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ABSTRACT

Objectives: This study aimed to evaluate the prevalence, distribution, and clinical significance of incidental
findings on multiparametric magnetic resonance imaging (mpMRI) performed for suspected prostate cancer,
and to assess differences based on patient age.

Methods: This retrospective study reviewed the mpMRI examinations of 532 patients. Incidental findings
were identified and categorized as genitourinary or extragenitourinary, and further classified as clinically
significant or non-significant. The prevalence and characteristics of incidental findings were analyzed and
compared between two age groups (< 65 and > 65 years).

Results: Of the 532 patients, 243 (45.7%) had at least one incidental finding, for a total of 275 findings. The
majority (94.9%) were clinically non-significant, with bladder wall thickening (n=58) and fat-containing
inguinal hernias (n=40) being the most common. Fourteen findings (5.1%) were deemed clinically significant,
including bladder carcinoma (n=3), iliac artery aneurysm (n=2), and rectal cancer (n=1). The prevalence of
incidental findings was significantly higher in patients aged >65 years compared to those < 65 years (51.6%
vs. 37.2%, P=0.001), although there was no significant difference in the rate of clinically significant findings
between the age groups (P=0.128).

Conclusions: Incidental findings are frequently detected in prostate mpMRI, occurring in nearly half of
patients. Although most are benign, a small but important proportion (5.1%) are clinically significant and may
impact patient management. These results underscore the necessity for radiologists to perform a comprehensive
evaluation of the entire imaging field of view.

Keywords: Aneurysm, Incidental Findings, Magnetic Resonance Imaging, Prevalence, Prostatic Neoplasmes,
Rectal Cancer

mon cancer in men worldwide [1]. The tradi-
tional strategy for early detection has relied on
serum prostate-specific antigen (PSA) testing and/or
digital rectal examination, followed by systematic
transrectal ultrasound-guided biopsy [2]. In recent

g) rostate cancer (PCa) is the second most com-

years, one of the most significant advances in the di-
agnostic pathway for clinically significant prostate
cancer (csPCa) has been the implementation of pre-
biopsy multiparametric magnetic resonance imaging
(mpMRI), which enables the identification of suspi-
cious lesions and improves risk stratification [2-5].
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Incidental Findings in Prostate Multiparametric MRI

When performed according to standardized protocols,
mpMRI increases accuracy in detecting csPCa. It can
also serve as a triage tool by helping to avoid unnec-
essary biopsies in patients with negative scans and en-
abling targeted sampling of abnormal areas in those
with positive findings [4, 5].

With the growing demand for mpMRI in clinical
practice, incidental findings (IFs) unrelated to prostate
cancer have become increasingly recognized [6-8].
While many of these findings are benign and clinically
insignificant, others may require further diagnostic
work-up or intervention, thereby posing important im-
plications for patient management.

Our study aimed to evaluate the prevalence and
distribution of incidental findings detected on multi-
parametric prostate MRI according to their clinical
significance, with the intent of contributing additional
data to the relatively limited literature on this topic.

METHODS

Ethical approval was obtained from the institutional
ethics committee (Date: September 11, 2025; Decision
No: 0544). Multiparametric prostate MRI examinations
performed between January and June 2025 were ret-
rospectively retrieved from the institutional imaging
archive. All patients with clinical suspicion of prostate
cancer who underwent mpMRI during this period
were included. A total of 560 mpMRI examinations
were available. In cases where more than one mpMRI
was performed for the same patient (n=5), the most re-
cent examination was considered the index study for
analysis. Incomplete MRI examinations (n=23) due to
patient intolerance or claustrophobia were excluded
from the study. The final study population consisted
of 532 patients with 532 mpMRI examinations.

All mpMRI scans were performed in accordance
with the Prostate Imaging Reporting and Data System
(PI-RADS) version 2.1, at least 6 weeks after any
prostate biopsy to minimize postbiopsy hemorrhage
and avoid potential diagnostic pitfalls [5]. No enema
or antispasmodic agent was administered before the
examination.

Imaging was performed using a 3.0-T MRI scan-
ner (Magnetom Lumina, Siemens Healthineers, Erlan-
gen, Germany) with an 18-channel phased-array
surface coil. The standard protocol included high-res-

olution turbo spin-echo T2-weighted imaging in axial
(FOV 200 x 200 mm), sagittal (FOV 200 x 200 mm),
and coronal planes (FOV 200 x 200 mm); axial diffu-
sion-weighted imaging (b-values: 50, 200, 800, 1400
s/mm?, FOV 200 x 102 mm) with apparent diffusion
coefticient (ADC) mapping; axial turbo spin-echo T1-
weighted imaging (FOV 300 x 300 mm); and dynamic
contrast-enhanced imaging (FOV 220 x 220 mm) after
intravenous administration of gadobutrol at a dose of
0.1 mL/kg with an injection rate of 3 mL/sec. In addi-
tion, contrast-enhanced fat-suppressed axial TI-
weighted imaging (FOV 300 x 300 mm) was acquired
up to the level of the aortic bifurcation. All mpMRI
reports and images were jointly reviewed by two ra-
diologists with 5 and 3 years of experience in geni-
tourinary MRI. In cases of disagreement, consensus
was reached by consultation with a senior radiologist
with 10 years of experience in prostate imaging. All
extraprostatic findings were recorded. Conditions di-
rectly related to prostate cancer staging, such as sem-
inal vesicle invasion, bladder invasion, rectal invasion,
bone metastasis, and lymph node metastasis, were not
considered IFs.

IFs were categorized as related to the genitourinary
system or not related to the genitourinary system. Fur-
thermore, findings that required medical or surgical
management or were expected to affect patient prog-
nosis were defined as clinically significant, while
those requiring only follow-up without additional im-
aging or intervention were considered clinically non-
significant, based on a classification approach inspired
by the work of Emekli and Gundogdu [9]. The study
population was stratified into two age groups (< 65
years and > 65 years) to evaluate potential differences
in the prevalence and clinical significance of IFs [7].

Statistical Analysis

Statistical analyses were performed using SPSS
software (version 26.0; IBM Corp., Armonk, NY,
USA). Continuous variables were expressed as
meantstandard deviation (SD) and categorical vari-
ables as numbers and percentages. The chi-square (y?)
test was used to compare the prevalence of incidental
findings (IFs) between age groups (<65 vs. >65 years)
and to assess the distribution of genitourinary versus
extragenitourinary IFs, as well as the prevalence of
clinically significant IFs. The Mann-Whitney U test
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was applied to compare the mean number of IFs per
patient between age groups, given the non-normal dis-
tribution of the data. A P-value of < 0.05 was consid-
ered statistically significant.

RESULTS

A total of 532 patients were included in the study. The
mean age was 66.948.1 years (range, 32-85 years). Of
these, 289 patients had no IFs, while 243 (45.7%) pa-
tients had at least one IF. Among patients with IFs, 212
(87.2%) had a single IF, 30 (12.3%) had two IFs, and
one patient (0.4%) had three IFs.

Of the 275 IFs, 121 (44.0%) were related to the
genitourinary system, and 154 (56.0%) were extragen-
itourinary. In total, 261 IFs (94.9%) were classified as
clinically non-significant, whereas 14 IFs (5.1%) were
clinically significant. Forty distinct types of IFs were
recorded (Figure 1).

The most common IFs were bladder wall thicken-
ing (n=58, 21.1%), inguinal hernia (fat-containing)
(n=40, 14.5%), Tarlov cysts (n=28, 10.2%), and blad-
der diverticula (n=16, 5.8%) (Tables 1 and 2).

Clinically significant IFs (n=14, 5.1%) included
bladder carcinoma (n=3), inguinal hernia containing
intestinal loops (n=3), iliac artery aneurysm (n=2), di-
lated bowel loops (n=1), femoral hernia (n=1), lesion

FIGURE 1. Examples of incidental findings detected on prostate mpMRI. A 70-year-old man: axial T2-weighted image
demonstrates a low-signal-intensity lesion within the bladder lumen (A), consistent with a calculus (red arrow). A 61-year-
old man: contrast-enhanced fat-suppressed axial T1-weighted image shows a left-sided hydrocele (B) (yellow arrow) with
posterior displacement of the testicular parenchyma (green arrow). A 68-year-old man: coronal (C) and sagittal (D) T2-
weighted images reveal dilatation of the left ureter with an intraluminal signal void at the distal ureter, consistent with a
ureteral calculus (blue arrows).
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TABLE 1. Genitourinary Incidental Findings

TABLE 2. Extragenitourinary Incidental Findings

Number of cases
Bladder wall thickening 58
Bladder diverticula

Incidental finding

—_
o)}

Epididymal cyst

Hydrocele

Utricle cyst

Bladder calculi

Seminal vesicle cyst
Bladder carcinoma

Bladder hernia

Ectopic kidney

Atrophic testis

Cyst of the spermatic cord

Ureter calculi

—_— = = = N W W R N O O

Varicocele
Total

—
(\9)
—

Clinically significant findings are shown in bold.

suspicious for gossypiboma (n=1), perianal abscess
(n=1), rectal cancer (n=1), and rectal polyp (n=1) (Fig-
ure 2). Pathological confirmation was not available for
the rectal polyp. For the lesion suspicious for gossypi-
boma, further evaluation was recommended; however,
follow-up information was not available.

Patients were divided into two groups: < 65 years
(n=218) and > 65 years (n=314). Incidental findings
were present in 37.2% of patients aged < 65 years and
in 51.6% of those aged > 65 years, with a statistically
significant difference between the groups (x> = 10.23,
P=0.001) (Table 3). The mean number of IFs per pa-
tient was 0.40+0.56 in patients aged < 65 years and
0.60+0.63 in those aged > 65 years. This difference
was statistically significant (P < 0.001).

Among patients aged < 65 years, 41.6% of IFs
were genitourinary and 58.4% were extragenitourinary,
while in patients aged > 65 years, 45.2% were geni-
tourinary and 54.8% were extragenitourinary. There
was no statistically significant difference between the
two age groups (¥*>=0.25, P=0.620).

Clinically significant IFs (n=14) were observed in
9 patients aged < 65 years (4.1%) and 5 patients aged
> 65 years (1.6%), with no statistically significant dif-
ference between the groups (¥*=2.32, P=0.128).

Incidental finding Number
of cases
Inguinal hernia (fat-containing) 40
Tarlov cyst 28
Bone alterations (not metastatic) 14
Colon diverticulum 13
Narrowing of the ischiofemoral space 12

Synovial cyst
Muscle alterations
Pelvic free fluid
Rectal wall thickening (not cancer)
Inguinal hernia (intestinal loops)
Avascular necrosis of the femur head
Femur herniation pit
Iliac artery aneurysm
Vertebral hemangioma
Abdominal wall hernia
Dilated bowel loops
Enchondroma
Femoral hernia
Intramuscular cystic lesion
Intramuscular lipoma
Lesion suspicious for gossypiboma
Perianal abscess
Rectal cancer
Rectal polyp (pathology not available)
Rectal prolapse

— e e e e b e e = = NN NN WA R QO

Sacroiliitis

Total 154

Clinically significant findings are shown in bold. For the
lesion suspicious for gossypiboma, further evaluation was
recommended; however, follow-up information was not
available.

DISCUSSION

In this study, IFs were observed in nearly half of the
patients undergoing prostate mpMRI, with a total
prevalence of 45.7%. Among these, 14 findings
(5.1%) were identified as clinically significant. The
frequency of incidental findings increased with
advancing age.
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FIGURE 2. Examples of clinically significant incidental findings detected on prostate mpMRI. In a 59-year-old man, contrast-
enhanced fat-suppressed axial T1-weighted image (A) demonstrates partially thrombosed aneurysmal dilatation of both iliac
arteries (red arrows). In a 72-year-old man, contrast-enhanced fat-suppressed axial T1-weighted image (B) shows asymmetric
wall thickening and enhancement of the rectum consistent with a malignant mass (green arrow), which was confirmed as
mucinous adenocarcinoma on histopathology. In an 81-year-old man, sagittal T2-weighted image (C) and contrast-enhanced
fat-suppressed axial T1-weighted image (D) depict a round lesion with central low signal intensity in the right pelvis (blue
arrows), not related to adjacent bowel loops. In the context of prior abdominal surgery, the finding was considered suspicious
for gossypiboma; however, no follow-up information was available.

TABLE 3. Comparison of Incidental Findings Between Age Groups

<65 years >65 years P-value
(n=218) (n=314)
Patients with IF 81 (37.2%) 162 (51.6%) 0.001
Number of IFs per patient 0.40+0.56 0.60+0.63 <0.001
Distribution of IFs (GU / EGU) 37/52 84/102 0.620
Clinically significant IFs 9 (4.1%) 5 (1.6%) 0.128

Data are shown as meantstandard deviation or number or number (percentage) where appropriate. IF, incidental finding; GU,
genitourinary; EGU, extragenitourinary. Statistically significant P-values are shown in bold.
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[Fs are commonly encountered during prostate
mpMRI examinations performed for suspected prostate
cancer. In the literature, the reported prevalence of IFs
ranges between 40% and 52.7% [6, 7, 9, 10]. Sherrer
et al. identified IFs in 40% of patients (233/580) in a
cohort of 580 men undergoing mpMRI [6]. Similarly,
in a study including 426 patients, 49.8% were reported
to have at least one IF [9]. In a larger series including
647 patients, Cutaia et al. found that 52.7% of exami-
nations revealed extraprostatic incidental findings [7].
Interestingly, Wagnerova ef al. reported a much higher
prevalence of 95.2%, which they attributed to epidemi-
ological differences, such as the variable prevalence of
diverticulosis across populations, as well as to the sys-
tematic evaluation of musculoskeletal structures, po-
tentially broadening the spectrum of recorded findings
[11]. These discrepancies among studies may be ex-
plained by differences in patient demographics, imag-
ing protocols (including field of view and sequence
selection), and population-specific disease prevalence.
In our study, the prevalence of IFs was 45.7%, which
is consistent with most of the existing literature.

Regarding clinically significant IFs, studies using
other imaging modalities have reported higher propor-
tions of clinically significant IFs, ranging between 6%
and 12.7% in unenhanced urinary computed tomogra-
phy (CT) examinations [12, 13] and between 6.9% and
13.3% in trauma patients undergoing emergency CT
scans [14, 15]. In contrast, our study demonstrated a
prevalence of 5.1%, which is comparable to prior
mpMRI-based series reporting lower rates. The rela-
tively lower rates reported in mpMRI studies, includ-
ing ours, may in part be explained by the more limited
field of view inherent to this imaging technique. Pre-
vious studies have shown that only about 2—7% of IFs
are clinically significant in the context of prostate
mpMRI [6, 7, 9-11]. In a cohort of 580 patients under-
going mpMRI, 349 incidental findings were identified,
of which only 6.6% were considered clinically signif-
icant [6]. In another series including 426 patients, 22
of 321 (6.9%) IFs were clinically significant, with only
four of genitourinary origin and the majority (n=18)
being extragenitourinary pathologies [9]. In a smaller
study of 185 patients, the prevalence of incidental ma-
lignancies was 3.4% (3 of 88 patients with IFs) [10].
Typical examples of clinically significant IFs include
urinary tract tumors, gastrointestinal neoplasms, and
vascular abnormalities. Cutaia et al. [7] identified in-

cidental cancers in 12 patients, including bladder car-
cinoma in 7, testicular tumors in 3, and rectal cancer in
2; notably, 27 (4.2%) patients in their series required
surgical treatment for IFs not directly related to prostate
cancer. Similarly, other series have highlighted clini-
cally significant IFs such as urothelial carcinomas, col-
orectal polyps or cancers, iliac artery aneurysms, and
inguinal hernias containing bowel loops, all of which
may require prompt intervention [9]. More recently, a
large study including 1282 patients reported that highly
significant [Fs resulted in management changes in only
49 (3.8%) cases [16].

In our cohort, 14 clinically significant IFs (5.1%)
were detected, including bladder carcinomas, rectal
cancer, a rectal polyp, iliac artery aneurysms, inguinal
and femoral hernias containing bowel loops, bowel di-
latation, a perianal abscess, and a lesion suspicious for
gossypiboma. Consistent with the literature, most IFs
in our study were benign and required only follow-up.
However, early detection of this small subset of clini-
cally significant findings may have important impli-
cations for patient outcomes. Although the prevalence
of 5.1% may appear modest, the widespread use of
prostate mpMRI means that clinically significant in-
cidental findings still represent a relevant considera-
tion in daily practice. Such findings may have
important implications not only for patient outcomes
but also from a medicolegal perspective. Therefore, it
is crucial that radiology reports clearly highlight such
findings, indicate their clinical relevance, and ensure
appropriate referral for further evaluation or treatment.
Importantly, incidental detection of malignancies such
as bladder or rectal cancers, or vascular pathologies
with rupture risk, may provide an opportunity to im-
prove patient outcomes.

Most incidental lesions identified on prostate
mpMRI, however, fall into the non-significant cat-
egory. Reported series have shown that the most
frequent findings include bladder wall thickening,
fat-containing inguinal hernias, colonic diverticu-
losis, bladder diverticula, hydroceles, and Tarlov
cysts [6, 7, 9-11]. In our cohort, the most common
IFs were bladder wall thickening (21.1%), inguinal
hernia (fat-containing) (14.5%), Tarlov cysts
(10.2%) and bladder diverticula (5.8%). These
findings are broadly consistent with prior literature,
although minor differences in relative frequencies
were observed. These may reflect epidemiological
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differences and variations in patient populations.

Previous research has consistently shown that in-
cidental findings on prostate mpMRI become more
frequent with advancing age, both in terms of overall
prevalence and in the proportion of clinically signifi-
cant cases [7, 9, 16], which is biologically expected
given the cumulative impact of aging on multiple
organ systems. In our study, incidental findings were
also more common in older patients, who demon-
strated a higher average number of findings per indi-
vidual, consistent with previous reports. However,
unlike previous reports, we did not observe a signifi-
cant age-related difference in the distribution of clin-
ically significant IFs.

One possible explanation lies in the heterogeneous
nature of the “clinically significant” category. Malig-
nancies such as bladder or rectal cancers and vascular
pathologies like iliac artery aneurysms typically in-
crease with age, whereas conditions such as hernias
containing bowel loops may be less age-dependent
and even more common in younger, more physically
active patients. This heterogeneity indicates that clin-
ically significant [Fs may not behave uniformly with
respect to age, as their association likely varies by un-
derlying pathophysiology. Future research that exam-
ines these findings in subgroups such as malignant,
vascular, infectious, or mechanical could provide a
clearer understanding of age-related patterns. Addi-
tionally, the absence of a significant association may
also reflect the relatively small number of clinically
significant IFs (n=14), which limited the statistical
power to detect differences.

Strengths and Limitations

This study has several limitations. First, it was
conducted as a single-center, retrospective analysis,
which may limit the generalizability of the results.
Second, only examinations performed over a relatively
short period (January—June 2025) were included, po-
tentially restricting the sample size and representative-
ness. Third, pathological confirmation and follow-up
data were not available for all clinically significant
IFs, such as rectal polyps and the lesion suspicious for
gossypiboma, which may have influenced the accu-
racy of classification. Finally, there is no universally
accepted standard for categorizing incidental findings
as clinically significant or non-significant, which may
introduce variability in comparisons with previous

studies. Despite these limitations, this study con-
tributes valuable data to the relatively limited literature
on incidental findings in prostate mpMRI. Future
prospective, multicenter studies with longer follow-up
and standardized classification systems are needed to
validate and expand upon our findings.

Beyond their role in prostate cancer evaluation,
prostate mpMRI examinations may also provide an
opportunity for broader pelvic health assessment.
Given the high prevalence of incidental findings, ra-
diologists should systematically evaluate all structures
within the field of view, rather than focusing solely on
the prostate. Implementing standardized protocols for
reporting and managing such findings, for example
through structured templates or checklists, may help
ensure that clinically significant abnormalities are con-
sistently highlighted and effectively communicated to
referring physicians.

CONCLUSION

Incidental findings are frequently encountered during
multiparametric prostate MRI examinations, with
nearly half of patients in our cohort demonstrating at
least one such finding. Although the vast majority
were benign or clinically non-significant, a small pro-
portion (5.1%) represented clinically significant ab-
normalities with potential implications for patient
management. These included malignancies, vascular
pathologies, and complex hernias, underscoring the
need for careful and systematic evaluation of all struc-
tures within the field of view. The increased preva-
lence of incidental findings with advancing age further
emphasizes the importance of comprehensive assess-
ment, particularly in elderly populations undergoing
prostate mpMRI.
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ABSTRACT

Objectives: To investigate associations between trochlear dysplasia severity and various morphometric and
degenerative findings on knee Magnetic Resonance Imaging (MRI)

Methods: A total of 211 knee MRIs from 181 patients diagnosed with trochlear dysplasia between November
2012 and March 2025 were retrospectively reviewed. Morphometric parameters - sulcus angle, trochlear depth,
tibial tuberosity to trochlear groove (TT-TG) distance, patellar angle, and patellar position - were measured.
Chondromalacia patella (grades 0-4), meniscal degeneration and tear, and Anterior Cruciate Ligament (ACL) mucoid
degeneration were also recorded. Statistical analyses included ANOVA, Kruskal-Wallis, and chi-square tests.
Results: Trochlear dysplasia type A was the most common (61.1%). Significant associations were found between
trochlear dysplasia severity and sulcus angle, TT-TG distance, and trochlear depth (P<0.0001 for all). While
chondromalacia presence did not differ significantly across trochlear dysplasia types (P=0.203), its severity
correlated with trochlear dysplasia grade (P=0.036). Meniscal degeneration was also significantly associated
with trochlear dysplasia (P=0.0004), particularly when both menisci were involved (P=0.003). No significant
associations were found for patellar angle, patellar position, meniscal tear, or ACL mucoid degeneration.
Conclusions: Trochlear dysplasia is significantly linked to specific morphologic and degenerative MRI
findings. A comprehensive MRI-based assessment may aid in the diagnosis and management of patients with
anterior knee pain and patellofemoral instability.

Keywords: Trochlear Dysplasia, Chondromalacia, Meniscal Degeneration, Patella Alta, ACL Mucoid
Degeneration, Patellofemoral Instability

rochlear dysplasia (TD) is a key anatomical
risk factor for patellofemoral instability and
anterior knee pain, particularly among young
and active individuals [1]. It is characterized by
abnormal morphology of the femoral trochlear groove
which can result in insufficient guidance for patellar
tracking, and recurrent dislocation [2]. It has been

reported that the prevalence of TD to be 3.2% in the
general population, whereas this rate can be as high as
96% in patients with patellar instability [3].
Magnetic resonance imaging (MRI) is the
preferred imaging modality for the diagnosis and
evaluation of morphological features of TD. Basic
morphometric measurements such as sulcus angle,
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trochlear depth and tibial tubercle to trochlear groove
(TT-TG) distance provide quantitative assessment of
anatomy and patellofemoral alignment [4]. In addition,
structural abnormalities such as chondromalacia
patella, meniscal degeneration and anterior cruciate
ligament (ACL) changes are frequently present among
the accompanying pathologies in patients with TD [5-
7]. However, the relationship between the severity of
TD and these intra-articular structural changes has not
yet been fully elucidated.

Although individual parameters related to TD
have been addressed in previousstudies, the number
of studies that comprehensively examine TD severity
and a large number of radiological findings in the
same patient group is quite limited. Therefore, the aim
of this study; to better understand the structural
implications of this anatomical anomaly by
investigating the relationship between TD severity and
morphometrical and structural changes assessed on
knee MRI.

METHODS

This retrospective study was conducted in
accordance with the Declaration of Helsinki and was
approved by our institution's Biomedical Research
Ethics Committee (ethics committee approval
number: 2025.223.IRB2.103). Before imaging
procedures, written informed consent is obtained from
all patients at our institution, and this consent includes
permission for the use of images for research purposes.

The study included patients who underwent knee
MRI examinations at our institution between
November 2012, and March 2025. The Inclusion
criteria were individuals with trochlear dysplasia over
the age of 18. Exclusion criteria included a history of
previous knee surgery, nondiagnostic image quality
due to movement or artifact, and incomplete MRI
protocol or insufficient clinical information.

All images were obtained using devices with 1.5T
or 3T magnetic field strength and coils specially
designed for the knee. The routine imaging protocol
included sagittal proton density (PD) sequences (fat
suppressed and non-fat suppressed), axial fat
suppressed PD, and coronal TI1-weighted or T2-
weighted fat suppressed sequences. Slice thickness

varied between 2.5-3.5 mm, and interslice spacing
between 0.3-0.5 mm.

All MR images were independently evaluated by
a single radiologist with 10 years of experience in
musculoskeletal radiology. TD was evaluated using
the Dejour classification (Types A-D) and was coded
as a numerical grade between 1-4 in the analyses.

The sulcus angle was measured as the angle
between tangential lines drawn on the anterior cortical
surfaces of the medial and lateral femoral condyles on
the axial image at the deepest point of the trochlear
groove. Trochlear depth was calculated by subtracting
the average height of the medial and lateral femoral
condyles at the same level from the depth of the
trochlear groove. Values lower than 3 mm were
accepted in favor of TD. TT-TG distance was
measured as the horizontal distance between the
deepest point of the trochlear groove and the center of
the tibial tubercle on axial images. The patellar angle
was calculated as the angle between lines drawn on
the medial and lateral facets of the patella on axial
sections. Patellar position was classified as normal,
alta (high position), or baja (low position) by
measuring the vertical position of the patella in
relation to the femoral trochlear groove and the tibial
tubercle on sagittal MRI images. This measurement
was based on anatomical reference points in
accordance with the Insall-Salvati method.
Chondromalacia patella was graded from 0 to 4 based
on to T2-weighted high signal intensity and cartilage
surface irregularities. Meniscal degeneration was
identified as T2 high signal into menisci and was
classified as medial, lateral, bilateral or absent;
meniscus tear was considered present if the
intrameniscal T2 high signal reached the articular
surface. ACL mucoid degeneration was defined as
increased signal and thickening of the ligament on T2-
weighted images.

Statistical Analysis

All statistical analyses were performed using the
Python programming language. One-way ANOVA
was used for continuous variables with normal
distribution, Kruskal-Wallis test was used for ordinal
variables, and chi-square test was used for categorical
variables. The value of P<0.05 was accepted as the
limit of statistical significance.
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RESULTS

A total of 257 knee MRI examinations from 227
different patients were initially included in the study.
Based on the exclusion criteria, 14 patients were
excluded from the study due to previous surgical
history, 20 patients due to poor image quality, and 12
patients due to incomplete protocol. The final analysis
was performed with a total of 211 knee MRIs from
181 different patients. The patient cohort consisted of
111 female (132 knees) and 70 male (79 knees)

individuals, and the mean age was calculated as 35.13
years (ranging 18 to 76) (Table 1).

According to the Dejour classification, the most
common dysplasia type was Type A, detected in 129
(61.14%) knees. This was followed by Type B (56
knees, 26.54%), Type C (22 knees, 10.43%) and Type
D (4 knees, 1.9%). This distribution indicates that
milder forms of dysplasia (Types A and B) were
significantly more common than advanced stages
(Types C and D) in the patient group in our study.

When TD degrees were evaluated separately in

TABLE 1. Distribution of MRI-Based Knee Parameters and Their Association with Trochlear

Dysplasia
Parameters Data P-value
(n=211)
Gender distribution (Female/male) 111/70 0.386
Sulcus angle (°) 151 (145-172) <0.0001
Patellar angle (°) 124 (101-148) 0.498
TT-TG distance (mm) 12.9 (4.0-36.0) <0.0001
Trochlear depth (mm) 2.5(1.1-6.6) <0.0001
Chondromalacia patella Grade 0 44 (20.85%) 0.036
Grade 1 62 (29.38%)
Grade 2 44 (20.85%)
Grade 3 24 (11.37%)
Grade 4 37 (17.54%)
Chondromalacia patella Present 167 (79.15%) 0.203
Absent 44 (20.85%)
Meniscal degeneration Present 96 (45.5%) 0.0004
Absent 115 (54.5%)
Meniscal degeneration Medial meniscus 82 (38.86%) 0.003
Lateral meniscus 2 (0.95%)
Both 12 (5.69%)
Meniscal tear Medial meniscus 23 (10.9%) 0.821
Lateral meniscus 8 (3.79%)
Both 2 (0.95%)
None 178 (84.36%)
ACL mucoid degeneration Present 31 (14.69%) 0.194
Absent 180 (85.31%)
Patellar position Normal 68 (32.2%) 0.3035
Alta 137 (64.9%)
Baja 6 (2.8%)

Data are shown as median (range) or n (%) where appropriate. ACL, anterior cruciate ligament; MRI, magnetic resonance
imaging; TT-TG, tibial tuberosity to trochlear groove. Statistically significant P-values are shown in bold.
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Trochlear Dysplasia Grade vs. Chondromalacia Patella Grade

Trochlear Dysplasia Grade vs. Patellar Angle
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FIGURE 1. Boxplot comparison of trochlear dysplasia grades with MRI-based quantitative parameters. (A) Trochlear dys-
plasia vs. chondromalacia patella grade; (B) Trochlear dysplasia vs. pateller angle; (C) Trochlear dysplasia vs. sulcus angle

and (D) Trochlear dysplasia vs. TT-TG distance.

female and male patients; Type A was detected in 86
female and 43 male knees. Type B was detected in 31
female and 25 male knees; Type C was observed in 12
female and 10 male knees; Type D was observed in 3
female and 1 male knees. No statistically significant
difference was observed in the distribution of TD
types according to gender (P=0.386).

The sulcus angle was measured as a median of
151° (range: 145°-172°). A statistically significant
difference was found between the sulcus angles
according to the TD degrees (P<0.0001); an increase
in the sulcus angle was observed with more advanced
dysplasia degrees (Figure 1). This supports the fact
that the trochlear groove becomes progressively
flatter. The median value of the patellar angle was
found as 124° (range: 101°-148°). However, no
statistically significant relationship was shown
between the TD degrees and the patellar angle
(P=0.498) (Figure 1). This finding suggests that the
patellar angle may be insufficient to reflect trochlear
morphology in isolation.

The TT-TG distance was calculated as a median
of 12.9 mm (range: 4.0-36.0 mm). As the degree of

TD increased, a significant increase in the TT-TG
distance was observed (P<0.0001), suggesting
lateralization of the tibial tubercle, which may
contribute to patellar maltracking (Figure 1). A strong
statistical relationship was found between trochlear
depth and TD degrees. Median trochlear depth was
measured as 2.5 mm (range: 1.1-6.6 mm), and the
difference between the groups was found to be highly
significant when evaluated with one-way ANOVA
(P<0.0001).

Patellar position was classified as normal, alta and
baja in sagittal MRI images. 68 (32.2%) of 211 knees
were evaluated as normal, 137 (64.9%) as patella alta
and 6 (2.8%) as patella baja. No statistically
significant relationship was found between patellar
position and TD degrees (P=0.3035). Chondromalacia
patella was observed in 167 (79.15%) knees. The
distribution of cases is as follows: Grade 0 (normal):
44 (9%20.85) knees , Grade 1: 62 (%29.38) knees ,
Grade 2: 44 (%20.85) knees, Grade 3: 24 (%11.37)
knees, Grade 4: 37 (%17.54) knees. Although no
significant difference was found between the presence
of chondromalacia and the degree of TD (P=0.203), a
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Trochlear Dysplasia Grade vs. ACL Mucinous Degeneration Trochlear Dysplasia Grade vs. Meniscal Tear Type
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FIGURE 2. Heatmaps of ligamentous and meniscal abnormalities by trochlear dysplasia grade. (A) Trochlear dysplasia grade
vs. ACL mucinous degeneration; (B) Trochlear dysplasia grade vs. meniscal tear type; (C) Trochlear dysplasia grade vs.
meniscal degeneration and (D) Trochlear dysplasia grade vs. meniscal degeneration type.

FIGURE 3. MRI findings of a 45-year-old patient with Type A trochlear dysplasia. (A) Axial proton density-weighted fat-
suppressed image shows the measurement of sulcus angle. (B-C) Axial proton density-weighted and T1 weighted images
indicating grade 4 chondromalacia patella (white arrows) and (B) the full-thickness cartilage loss with underlying bone
reactive changes. (D-E) Sagittal and coronal proton density-weighted images showing increased signal intensity within the
medial meniscus (white arrow), indicative of medial meniscus degeneration.
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significant relationship was found between the degrees
of chondromalacia and the severity of TD (P=0.036)
(Figure 1). This shows that as the severity of TD
increases, cartilage damage may be more advanced.

Meniscus degeneration was observed at 96
(45.5%) knees, and no degeneration findings were
detected in 115 (54.5%) knees. Of the cases with
degeneration, 82 (85.42%) were medial, 2 (2.08%)
were lateral, and 12 (12.5%) were both medial and
lateral menisci. A significant relationship was
observed between TD degrees and the presence of
meniscus degeneration (P=0.0004) (Figure 2). A
significant relationship was also detected in the
evaluation made according to the location of
meniscal degeneration (P=0.003), and it was
determined that degeneration seen together in both
menisci was more common in advanced dysplasia
degrees (Figure 2).

Meniscus tears were detected in 33 (15.64%)
knees and were not found in 178 (84.36%) knees. In
23 (10.9%) of the cases with tears, only medial, 8
(3.79%) only lateral, and 2 (0.95%) both menisci were
observed. No statistically significant relationship was
found between TD grades and the presence or type of
meniscal tear (P=0.821), suggesting that tears may
develop independently of trochlear morphology
(Figure 2).

Anterior cruciate ligament mucoid degeneration
was detected in 31 (14.69%) knees. No statistically
significant relationship was observed between TD
grades and ACL mucoid degeneration (P=0.194),
indicating that such ligament changes may not be

directly related to trochlear structural disorders
(Figure 2).

DISCUSSION

This study investigated the relationship between TD
and various structural disorders observed in the knee
joint. In particular, significant relationships were
observed between chondromalacia patella grading,
meniscal degeneration (both presence and location),
sulcus angle, patellar angle, TT-TG distance, trochlear
depth and TD degrees; these findings, despite some
differences, were generally consistent with the
literature.

One of the most striking findings of our study is
the significant relationship between TD degree and
chondromalacia patella severity. While there was no
significant difference between TD degrees in terms of
chondromalacia presence (present/absent), the grading
of chondromalacia (0-4) showed a significant
correlation with TD severity (Figures 3 and 4). This
finding supports the observation that patellofemoral
joint morphology plays an important role in cartilage
degeneration. This is consistent with the findings of
Tuna et al. [8], who attributed the high prevalence of
chondromalacia in TD patients to increased sulcus
angle and reduced trochlear depth.

Meniscal degeneration, especially in cases with
both medial and lateral involvement, showed a
significant relationship with the TD grade (Figures 3
and 4). This finding is consistent with previous

FIGURE 4. MRI findings of a 30-year-old patient with Type B trochlear dysplasia. (A) Axial proton density-weighted fat-
suppressed image shows trochlear dysplasia. (B-C) Sagittal proton density-weighted and T1 weighted images indicating grade
3 chondromalacia patella (white arrows). In figure C, full-thickness cartilage loss is shown. (D) Sagittal proton density-weight
image shows increased signal intensity within the medial meniscus (white arrow), indicative of medial meniscus degeneration.
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research which showed that the frequency of meniscal
degeneration increased in knees with dysplastic
trochlea morphology [6]. However, when analyzed in
terms of meniscal tears, no significant relationship was
found with the TD grade. Although meniscal tears
were detected in 15.64% of the cases, this distribution
was not statistically significant among the TD groups.
This suggests that TD may affect degenerative
processes over time, but acute or focal tears may be
associated with different mechanical traumas.

ACL mucoid degeneration was observed in 14.7%
of the cohort, but it was not statistically associated
with the TD grade. In a study by Yigman ef al. [5], the
ACL mucoid degeneration rate in patients with TD
was reported as higher at 31.6%. The lower rate and
lack of a significant relationship in our study may be
due to differences in patient selection, MRI criteria,
and population.

A significant increase in sulcus angle was
observed with advancing TD severity in our study.
While the normal sulcus angle is considered to be 138°
on average, values above 145° are compatible with
dysplasia [9, 10]. This progressive increase supports
the notion that trochlear flattening becomes more
pronounced with higher degrees of dysplasia,
contributing to patellofemoral instability. TT-TG
distance and patellar angle are both key indicators of
patellofemoral alignment. In our study, a significant
increase in TT-TG distance was observed with
increasing TD severity, which may reflect altered
alignment of the extensor mechanism that may
predispose to patellar maltracking or instability. In
contrast, although the patellar angle assesses patellar
orientation relative to the femoral trochlea and has been
previously linked to TD, no significant relationship was
observed in our cohort (P=0.498). This suggests that
the patellar angle alone may not be sufficient to reflect
the severity of TD.

Trochlear depth is an important measurement in
the morphological evaluation of dysplastic trochlea.
In this study, an inverse and highly significant
relationship was found between TD severity and
trochlear depth. The median depth was measured as
2.5 mm (range 1.1-6.6 mm), and this value is
considered to be in favor of dysplasia when < 3 mm
[8]. Our findings support the trochlear depth as a
simple but reliable parameter in the diagnosis and
classification of TD.

It is accepted that patella alta may be associated
with TD [12]. However, in our study, no statistical
significance was observed between patellar position
and TD degrees (P=0.3035). Although patella alta was
observed in 64.9% of the cases, this distribution was
balanced according to TD types. Similarly, there are
studies in some literatures reporting that patella alta,
although frequently observed, is not sufficient to
predict TD severity [13, 14]. Therefore, patellar height
assessment should be considered together with other
parameters such as sulcus angle and TT-TG.

This study contributes to the growing body of
evidence that TD is associated with multiple intra-
articular structural abnormalities. In particular,
revealing the relationship between TD and chondral
and meniscal degeneration emphasizes the importance
of detailed morphological evaluation in patients with
anterior knee pain or patellofemoral instability.
Recognition of TD may contribute to determining the
risk level of patients and may be helpful in shaping
both conservative and surgical treatment approaches.

Strengths and Limitations

This study possesses numerous significant
strengths. One of its primary advantages is the relatively
substantial sample size, enabling a comprehensive
multiparametric assessment of trochlear dysplasia
through knee MRI. Concurrent evaluation of
standardized morphometric measurements and related
degenerative characteristics facilitates a comprehensive
and quantitative assessment of dysplasia severity.
Furthermore, establishing clinically significant
correlations with cartilage and meniscal degeneration
increases the study’s practical relevance and its
contribution to the understanding of patellofemoral
pathology.

There are some limitations to this study. First, its
retrospective and cross-sectional design may introduce
selection bias and prevents the establishment of cause-
effect relationships. The inclusion of patients based on
clinical imaging records may also limit the
generalizability of the findings. Second, all imaging
evaluations and measurements were performed by a
single radiologist, which may have introduced
observer bias; inter-reader agreement was not
assessed. Additionally, while a relatively large sample
was included, few subgroup sizes were smaller,
potentially reducing the statistical power. Finally, this
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was a single-center study, and further prospective
studies in larger and more diverse populations,
including clinical outcome correlations, are warranted
to validate our findings. Therefore, prospective studies
in larger patient groups and correlation analyses to be
performed with clinical outcomes will strengthen the
validity of the current findings.

CONCLUSION

This study demonstrated that TD 1is significantly
associated with anatomical changes and as well as
meniscal degeneration and chondromalacia patella
grading as a degenerative change observed in the knee
joint. Morphological and structural abnormalities such
as increased sulcus angle, increased TT-TG distance,
decreased trochlear depth, advanced chondromalacia
patellae, and meniscal degeneration reveal the
contribution of TD to patellofemoral biomechanical
imbalance. Although parameters such as patellar angle
and position were not significantly associated with
TD, it is thought that these variables may also
contribute to comprehensive radiological evaluation.
In general, our findings support the adoption of a
multiparameter MRI-based approach in the
identification of TD and related pathologies. Early and
accurate identification of these structural changes may
contribute to the planning of time-sensitive treatment
strategies in patients presenting with anterior knee
pain and instability and may improve -clinical
outcomes.

Key points

*TD is significantly associated with anatomical
changes and as well as meniscal degeneration and
chondromalacia patella grading as a degenerative
change observed in the knee joint.

*Morphological and structural abnormalities such as
increased sulcus angle, increased TT-TG distance,
decreased trochlear depth, advanced chondromalacia
patellae, and meniscal degeneration reveal the
contribution of TD to patellofemoral biomechanical
imbalance.

*Early and accurate identification of these
structural changes may contribute to the planning of
time-sensitive treatment strategies.
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ABSTRACT

Objectives: This study evaluated the relationship between the haemoglobin-albumin-lymphocyte-platelet
(HALP) score and disease activity in patients with psoriatic arthritis (PsA), and compared HALP scores between
PsA patients and healthy controls.

Methods: This single-centre, cross-sectional study included 73 PsA patients and 59 healthy controls.
Demographic, clinical and laboratory data were collected. Disease activity was assessed using the Ankylosing
Spondylitis Disease Activity Score (ASDAS) based on C-reactive protein (CRP), the Disease Activity index
for Psoriatic Arthritis (DAPSA), the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI), the visual
analogue scale (VAS), and the Psoriasis Area and Severity Index (PASI). HALP was calculated as haemoglobin
x albumin % lymphocyte / platelet. Group comparisons, correlation analyses and ROC analyses were performed.
Results: Compared with controls, PsA patients had higher CRP, erythrocyte sedimentation rate and platelet
values, and lower albumin (all P<0.05). HALP scores did not differ significantly between groups (P=0.232).
HALP correlated positively with age at diagnosis (r = 0.250; P=0.031) and negatively with ASDAS-CRP (r =
—0.259; P=0.026). ROC analysis showed limited diagnostic performance (AUC = 0.561, P=0.228).
Conclusions: Although HALP showed a significant inverse correlation with ASDAS-CRP, the association was
weak and its diagnostic performance was poor. HALP alone has limited value in reflecting PsA disease activity
or distinguishing patients from controls. This may relate to PsA’s heterogeneous inflammation and treatment
status. Larger prospective studies in different PsA subgroups are needed to clarify the potential role of HALP
as an objective biomarker.

Keywords: Psoriatic Arthritis, HALP Score, Inflammation, Biomarker, Disease Activity

Tsoriatic arthritis (PsA) is a chronic, immune-

mediated inflammatory arthropathy character-
ized by inflammation of the joints and
entheses, including the axial skeleton [1]. The inci-
dence of PsA in patients with psoriasis ranges from

0.27 to 2.7 per 100 person-years, depending on study
design and outcome definitions. PsA typically affects
individuals between 30 and 60 years of age and occurs
equally in men and women [2]. Peripheral manifesta-
tions include polyarthritis, oligoarthritis, distal inter-
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phalangeal arthritis and, less commonly, the arthritis
mutilans subtype. Periarticular features such as
dactylitis and enthesitis are frequent. Axial PsA, also
known as the spondylitis subtype, can be limited to the
spine and sacroiliac joints or coexist with peripheral
disease [3].

Regular and accurate assessment of disease activity
is essential in PsA because uncontrolled inflammation
leads to structural damage, functional loss and reduced
quality of life [4]. Several clinical indices have been de-
veloped for this purpose. The Disease Activity Index
for Psoriatic Arthritis (DAPSA) primarily focuses on
peripheral joint involvement, while the Psoriatic Arthri-
tis Disease Activity Score (PASDAS) includes a broader
range of domains but is complex and time-consuming,
limiting its routine use [5—7]. For axial involvement, the
Bath Ankylosing Spondylitis Disease Activity Index
(BASDALI) and the Ankylosing Spondylitis Disease Ac-
tivity Score (ASDAS) are commonly used, but they are
not specific to PsA and do not fully capture peripheral
or skin manifestations [5]. Minimal Disease Activity
(MDA) criteria take a multidomain approach but rely
on binary outcomes, which may not reflect the full spec-
trum of disease activity [8]. These limitations highlight
the need for more practical and objective biomarkers to
assess PsA disease activity.

Recently, several inflammatory ratios derived
from complete blood counts and routine biochemistry
have been investigated in theumatic diseases, includ-
ing the neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and monocyte-to-
HDL ratio (MHR) [9-11]. The haemoglobin—albumin—
lymphocyte—platelet (HALP) score, originally
proposed as a prognostic marker in malignancies [12],
has more recently been explored in autoimmune and
inflammatory diseases [13, 14]. HALP reflects nutri-
tional, inflammatory, immune and haematologic status
through a simple calculation, making it a potentially
useful biomarker in chronic inflammatory conditions.
Psoriatic arthritis is characterized by both systemic in-
flammation and metabolic alterations that may influ-
ence the components of the HALP score. Low
haemoglobin and albumin levels are common in
chronic inflammation and have been linked to disease
activity and poor nutritional status [15]. Reduced lym-
phocyte counts may reflect immune dysregulation,
while elevated platelet counts are associated with sys-
temic inflammation and endothelial activation [16,

17]. Therefore, evaluating the HALP score in PsA may
provide an integrated measure of inflammatory and
nutritional status, potentially serving as a simple, ob-
jective indicator of disease activity.

Given these considerations, there remains a need
to investigate the role of HALP in PsA. This study
aimed to evaluate the relationship between the HALP
score and PsA disease activity, and to compare HALP
levels between PsA patients and healthy controls, in
order to explore its potential clinical utility as an ob-
jective biomarker.

METHODS

This study was designed as a single-centre, cross-sec-
tional, observational study. Patients aged 18-65 years
who were being followed up at our rheumatology out-
patient clinic and had been diagnosed with PsA ac-
cording to the CASPAR criteria were included in the
study. The control group consisted of healthy individ-
uals who did not have any rheumatic disease and who
met the exclusion criteria. Those with liver disease,
haematological or other malignancies, kidney diseases
such as glomerulonephritis, acute or chronic infec-
tions, gastrointestinal diseases causing protein loss,
other rheumatological diseases or a history of preg-
nancy were excluded. Approval for the study was ob-
tained from the Indnii University Clinical Research
Ethics Committee (numbered 2025/7251 and dated 11
March 2025). The study was conducted in accordance
with the principles of the Declaration of Helsinki.
Written informed consent was obtained from all par-
ticipants prior to inclusion in the study.

The age, gender, body mass index (BMI), smoking
and alcohol consumption habits, duration of illness,
clinical characteristics, and medications used of all
participants were recorded. Routine laboratory tests
included haemoglobin, white blood cell, lymphocyte,
neutrophil and platelet counts, as well as albumin, ery-
throcyte sedimentation rate (ESR) and CRP levels.
Additionally, the NLR and PLR were calculated.

PsA disease activity in participants was assessed
using the Visual Analogue Scale (VAS), DAPSA, Pso-
riasis Area and Severity Index (PASI), ASDAS-CRP
and BASDAI. The HALP score was calculated using
the formula ‘HALP = haemoglobin (g/L) x albumin
(g/L) x lymphocytes (/L)/platelets (/L)’ [18].
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Statistical Analysis

According to the theoretical power analysis find-
ings, when the test power is 80%, the effect size is 0.8
and the alternative hypothesis (H1) is two-tailed, the
required sample size to detect a statistically significant
difference between groups using an independent two-
sample t-test is at least 52 per group (104 in total) at a
5% significance level. This analysis was performed
using the WSSPAS (Web-Based Sample Size & Power
Analysis Software) tool, which was developed by the
Department of Biostatistics and Medical Informatics
at the Faculty of Medicine, Inonii University [19].

The variables used in the study were summarized
using arithmetic mean, standard deviation, median,
25th-75th percentiles, and number and percentage sta-
tistics. Quantitative data were analyzed for normal dis-
tribution using the Shapiro-Wilk test. The independent
samples t-test and Mann-Whitney U test were used for

between- group comparisons of quantitative data.
Pearson’s chi-square and Fisher’s exact tests were
used for between-group comparisons of qualitative
data. Receiver operating characteristic (ROC) analysis
was used to calculate the cut-off point and area under
the curve (AUC) for quantitative data. P<0.05 was ac-
cepted as the statistical significance level. R Project
(version 4.1.2) software was used for analyses.

RESULTS

The study included 59 individuals in the control group
and 73 patients in the PsA group. There was no signif-
icant difference in mean age or BMI between the two
groups (P=0.148 and P=0.059, respectively). Serum
albumin levels were lower in the PsSA group than in
the control group (4.3 [4.1-4.6] vs. 4.4 [4.3-4.6] g/dL,

TABLE 1. Comparison of Clinical and Laboratory Parameters Between Groups

Variables Control Group (n=59) PsA Group (n=73) P-value
Age (years), 44+12 47+11 0.148%*
BMI (kg/m?) 27.06 (24.2-30.4) 28.6 (25.5-32.8) 0.059**
Gender Female 40 (67.8%) 55 (75.3%) 0.3371
Male 19 (32.2%) 18 (24.7%)
Smoking No 39 (66.1%) 52 (71.2%) 0.526+
Yes 20 (33.9%) 21 (28.8%)
Alcohol No 58 (98.3%) 70 (95.9%) 0.6287+
Yes 1 (1.7%) 3 (4.1%)
Albumin (g/dL) 4.4 (4.3-4.6) 4.3 (4.1-4.6) 0.029**
CRP (mg/dL) 0 (0-0.0) 0.3 (0-1.05) <0.001%*
Haemoglobin (g/dL) 13.90+1.62 13.36+1.78 0.075*
Lymphocyte (cells/uL) 2220 (1860-2470) 2390 (1870-2940) 0.067**
Neutrophil (cells/pL) 4130 (3160-5260) 4090 (3310-5640) 0.449**
NLR 1.95 (1.58-2.39) 1.76 (1.35-2.45) 0.335%*
PLR 123.12 (100.3-140.5) 119 (95.2-151.1) 0.814**
ESR (mm/h) 6 (2-9) 12 (5-24) <0.001**
Platelets (x103/pL) 249 (218-307) 303 (244-349) 0.006**
HALP Score 50.73 (42.5-63.56) 48 (34.4-62.64) 0.232%*

Data are shown as meantstandard deviation or number (percent) or median (25th-75th percentiles) where appropriate.
BMI, body mass index; CRP, C-reactive protein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
ESR, erythrocyte sedimentation rate; HALP, hemoglobin-albumin lymphocyte-platelet.

*Independent-samples t-test, **Mann-Whitney U test, TPearson chi-square, {{Fisher’s exact test.

Statistically significant P-values are shown in bold.
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P=0.029). CRP and ESR levels were higher in the PsA
group (CRP: 0.3 [0-1.05] vs. 0[0-0.0] mg/dL, P<0.001;
ESR: 12 [5-24] vs. 6 [2-9] mm/h, P<0.001). Platelet
counts were also higher in the PsA group (303 [244-
349] vs. 249 [218-307] x10%/uL, P=0.006). Other pa-
rameters, including lymphocyte and neutrophil counts,
the neutrophil-to-lymphocyte ratio, and the platelet-to-
lymphocyte ratio, did not differ significantly between
the two groups (P>0.05 for all). Gender distribution,
smoking status, and alcohol consumption were similar
between groups (P=0.337, P=0.526, and P=0.628, re-
spectively). No significant difference was found in
HALP scores between PsA and control groups (48
[34.4-62.64] vs. 50.73 [42.5-63.56], P=0.232). These

findings are summarized in Table 1.

Among the 73 PsA patients, 53.4% (n= 39) had
peripheral involvement, 42.5% (n=31) had both axial
and peripheral disease, and 4.1% had purely axial in-
volvement. Regarding treatment, 20.5% were un-
treated, 43.8% (n=32) were on conventional synthetic
DMARDs (¢csDMARDs), and smaller proportions re-
ceived anti-TNF agents (11.0%) or IL-17 inhibitors
(9.6%). Corticosteroids were used by 28.8% (n=21) of
patients. The median disease duration was 4.0 years
(P25-P75: 0.3-7.0). The median VAS, DAPSA, PASI,
and BASDALI scores were 6.0 (5.0-8.0), 16.0 (10.0-
21.0), 0.3 (0.0-2.4), and 6.1 (4.5-7.1), respectively. The
mean ASDAS-CRP score was 2.65+ .06 (Table 2).

TABLE 2. Clinical Characteristics, Treatment Distribution and disease Activity Scores of Patients

Characteristics Value
Involvement type Axial 3@4.1)
Peripheral 39 (53.4)
Axial + Peripheral 31 (42.5)
Total 73 (100)
DMARD treatment No treatment 15 (20.5)
csDMARD 32 (43.8)
>1 ¢csDMARD 4(5.5)
anti-TNF 8 (11.0)
IL-17 inhibitor 7 (9.6)
csDMARD+anti-TNF 6 (8.2)
¢sDMARD+IL-17 inhibitor 1(1.4)
Total 73 (100)
Steroid use No 52 (71.2)
Yes 21 (28.8)
Total 73 (100)
Age at diagnosis (years) 4.0 (0.3-7.0)
VAS score, 6.0 (5.0-8.0)
DAPSA score 16.0 (10.0-21.0)
PASI score 0.3 (0.0-2.4)
ASDAS-CRP score 2.65£1.06
BASDALI score 6.1 (4.5-7.1)

Data are shown as meantstandard deviation or number (percent) or median (25th-75th percentiles) where appropriate.
DMARD, disease-modifying antirheumatic drug; csDMARD, conventional synthetic DMARD; TNF, tumor necrosis factor;
IL-17, interleukin-17; VAS, visual analogue scale; DAPSA, disease activity in psoriatic arthritis; PASI, psoriasis area and
severity index; ASDAS-CRP, ankylosing spondylitis disease activity score using C-reactive protein; BASDAI, bath ankylosing

spondylitis disease activity index.
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ROC curve for HALP
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FIGURE 1. Receiver operating characteristic (ROC) curve of the HALP score for distinguishing PsA patients from healthy
controls. The area under the curve (AUC) was 0.561 (95% CI: 0.462-0.659), with a sensitivity of 23.3% and a specificity of

91.5%, indicating limited diagnostic discrimination.

In the correlation analysis conducted on the PsA
group, a positive and significant correlation was found
between the HALP score and age at diagnosis
(r=0.250, 95% CI: 0.022-0.456, P=0.031). By contrast,
a negative and significant correlation was found be-
tween the HALP score and the ASDAS-CRP score
(r=—0.259, 95% CI: -0.462 to -0.034, P=0.026).

ROC analysis showed an AUC of 0.561 (95% ClI:
0.462-0.659), with an optimal cut-off value of 31.25,
corresponding to a sensitivity of 23.3% and a speci-
ficity of 91.5% (P=0.228). These values indicate that
the discriminative performance of HALP for distin-
guishing PsA from controls was not statistically sig-
nificant. The ROC curve is presented in Figure 1.

DISCUSSION

This study examined the prognostic value of the
HALP score in relation to the clinical and laboratory
characteristics of patients with PsA. Our findings
showed that there were significant differences in CRP,
ESR, platelet count and serum albumin levels in the
PsA group compared to the control group, but the
HALP score did not show a statistically significant dif-

ference. Furthermore, ROC curve analysis showed
that the HALP score had limited discriminatory power.
These results suggest that the HALP score may not be
a reliable PsA biomarker on its own.

In cases of systemic inflammation, the number of
platelets often increases, while haemoglobin, albumin
and lymphocyte levels tend to decrease. Inflammatory
cytokines increase the number of neutrophils in circu-
lation while decreasing lymphocyte count and albumin
levels [20, 21]. Interleukin (IL)-1p and tumour necro-
sis factor (TNF)-a suppress the release of erythropoi-
etin from the kidneys. Additionally, IL-6 increases
hepcidin production in the liver. This reduces iron ab-
sorption from the intestine and iron release from
macrophages, leading to decreased haemoglobin pro-
duction and chronic disease anaemia in patients [22,
23]. Therefore, a decrease in the HALP score is ex-
pected in cases of systemic inflammation.

Previous studies have demonstrated that the
HALP score may be useful for predicting outcomes in
different disease groups. In recent years, attention has
been drawn to the HALP score due to its ability to as-
sess inflammation, nutrition, immune response and co-
agulation processes simultaneously. The ease with
which it can be calculated also makes it attractive for
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use, particularly in diseases involving intense inflam-
mation [24, 25]. Notably, a low HALP score has been
reported to be strongly associated with survival in
solid tumours, including gastric and colorectal cancer
[12, 18]. Furthermore, the HALP score has been iden-
tified as a meaningful biomarker for predicting renal
relapses in lupus nephritis and for determining disease
activity in patients with ankylosing spondylitis [13,
14]. These findings suggest that the HALP score could
play a role in both malignant and inflammatory
processes. In our study, HALP showed a statistically
significant negative correlation with ASDAS-CRP,
which may indicate a partial relationship with inflam-
matory activity in PsA. However, this association was
weak, and no clear correlations were observed with
other disease activity indices. These results imply that
the clinical utility of HALP in PsA may be more lim-
ited than in other diseases.

One possible explanation for the limited perform-
ance of the HALP score in PsA is that systemic inflam-
matory responses tend to be less pronounced in PsA
compared to other inflammatory arthritides such as
rheumatoid arthritis (RA). Recent studies have shown
that levels of CRP, serum amyloid A (SAA), and ad-
hesion molecules (SICAM-1, sVCAM-1) are signifi-
cantly higher in RA than in PsA [26]. In PsA, the
inflammatory response is often localized to tissues
such as the entheses and synovium, and type 3 im-
mune pathways, particularly IL-23/IL-17 signaling,
are thought to play a central role in this process. As a
result, classical systemic inflammatory markers are
not always elevated [1, 2]. This pathophysiological
difference may partly explain the limited performance
of systemic inflammation-based indices, such as the
HALP score, in PsA.

Several studies have investigated the NLR and
PLR as markers of systemic inflammation in PsA. For
example, Kim et al. [27] reported in a retrospective
Korean study that both NLR and PLR were signifi-
cantly higher in PsA patients compared to healthy con-
trols and patients with psoriasis alone, and that NLR
was particularly effective in predicting the presence of
PsA. Similarly, a Japanese study demonstrated that
pre-treatment NLR and PLR levels were significantly
higher in PsA than in psoriasis, and that both ratios de-
creased in parallel with CRP following biologic ther-
apy [28]. These findings suggest that NLR and PLR
may serve as useful indicators of systemic inflamma-

tion in PsA. In our study, most patients were receiving
treatment, and ESR and CRP levels were not markedly
elevated. This may partly explain the limited perform-
ance of both NLR/PLR and the HALP score. Although
HALP reflects not only inflammation but also nutri-
tional and hematologic status, the localized inflamma-
tory response characteristic of PsA, together with
treatment-related suppression, may have reduced its
ability to distinguish disease activity. These findings
suggest that HALP alone may not be sufficient as a bio-
marker in PsA, but its combined use with other hema-
tological ratios (e.g., NLR, PLR, MHR) or novel
biological markers could enhance its clinical relevance.

Furthermore, recent studies in other rheumatologic
diseases have demonstrated a growing interest in in-
flammation-related hematologic and biochemical ratios.
For example, one study evaluated monocyte-to-HDL
and CRP-to-albumin ratios in Takayasu arteritis,
demonstrating that these markers may reflect disease
activity and vascular inflammation [29]. From this per-
spective, HALP can be viewed as part of a broader
group of composite ratios being investigated in various
rheumatologic conditions to quantify inflammatory bur-
den and monitor disease activity.

Strengths and Limitations

To our knowledge, this is the first study to directly
examine the relationship between the HALP score and
disease activity in patients with PsA, offering a new
perspective to the current literature. A major strength
of our study is its comparative design with a healthy
control group and the multidimensional evaluation of
disease activity using different clinical indices. How-
ever, several limitations should be considered. The rel-
atively small sample size, cross-sectional design, and
heterogeneity of treatment regimens may have influ-
enced our findings. In addition, evaluating HALP in
different PsA subtypes (axial, peripheral, dactylitis-
dominant) or across various treatment groups (e.g.,
bDMARDs, IL-17 inhibitors) may help to better de-
fine its potential clinical applications. These findings
also underline the limited value of the HALP score in
PsA and emphasize the need for cautious interpretation
of systemic inflammation markers in clinical practice.
Therefore, further confirmation in larger, prospective
cohorts is warranted. Future multicentre studies will
help to more clearly define the biomarker potential of
the HALP score in psoriatic arthritis.
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CONCLUSION

In conclusion, the HALP score demonstrated a limited
association with disease activity in PsA, likely reflect-
ing the unique inflammatory profile of this disease.
Although it may not serve as a stand-alone biomarker,
its accessibility and simplicity suggest potential value
as an exploratory or hypothesis-generating parameter
rather than a clinically established marker. Larger,
prospective, and multicentre studies are needed to con-
firm these preliminary findings and to better define the
role of HALP in disease monitoring and assessment in
PsA.
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of Childhood Open Globe Injuries
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ABSTRACT

Objectives: To determine the epidemiological and clinical characteristics of open globe injuries causing
permanent visual loss in children.

Methods: In our study, the files of 45 pediatric patients aged 1-18 years who were followed up in the
ophthalmology clinic due to open globe injuries were retrospectively scanned. Patients' age, gender, traumatized
eye, localization of the incision, initial and final visual acuity, place of the trauma, tools causing the trauma,
pathologies accompanying the trauma, surgeries after the trauma, time between the trauma and repair, and
follow-up period were recorded.

Results: Fifteen (33.3%) patients were female and 30 (66.6%) were male. The mean age was 10.4+4.4 years.
The mean time between trauma and hospitalisation was 3.84+2.88 hours, and the mean follow-up period was
8.24+6.47 months. The right eye was traumatised in 25 (55.6%) patients and the left eye in 20 (44.4%) patients.
Twenty (44.4%) patients had corneal, 18 (40%) corneascleral, and 7 (15.6%) scleral injuries. Trauma occurred
at home in 31 (68.9%) patients. Penetrating injuries were detected in 39 (86.7%) patients. No rupture was
observed in any patient. The most common instrument causing trauma was a knife in 14 (31.1%) patients.
Conclusions: Open globe injuries were mostly observed in boys. Corneal and penetrating injuries were
observed, mainly in the right eye. It was noted that most of the injuries occurred at home and with sharp objects.
Our findings highlight the importance of preventive education and parental awareness to reduce the risk of
ocular trauma in children.

Keywords: Open Globe Injury, Pediatric, Penetrating Eye Injury, Ocular Trauma

globe injuries in children are worse than closed globe

the cornea or sclera. It is the most common

cause of acquired unilateral blindness in
children [1, 2]. Eye injuries are divided into two as:
open globe injuries and closed globe injuries. Open
globe injuries are classified as penetrating injuries,
perforating injuries, ruptured globe, and intraocular
foreign body injuries [1-3]. Visual outcomes in open

Open globe injury is a full-thickness damage to

injuries. Studies reported that 27-48% of all open
globe injuries are seen in children. The incidence of
open globe injuries in pediatric patients is estimated
to be 7.93 per 1,000,000 people [1, 2, 4, 5]. Although
studies have been conducted on eye injuries in
developed countries, information on the incidence of
eye injuries in developing countries is insufficient.
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Childhood Open Globe Injuries

Data on the outcomes of open globe injuries are also
limited [5-7].

After ocular traumas, visual outcome is worse in
children compared with adults because visual
development is incomplete in children, the risk of
amblyopia increases and due to poor communication
and cooperation with children, diagnosis may be
difficult [7, 8].

The diagnosis of ocular injuries is usually made
only by history and clinical examination. If possible,
the initial visual acuity of the patient is evaluated.
Anterior segment examination is performed with a slit
lamp. Infants and patients with poor communication
and cooperation may need to be examined under
general anaesthesia. If the diagnosis of open globe
injury is definite, scleral depression, eye pressure
measurement, and pupil dilatation, which will cause
the intraocular contents to come out, should be
avoided [9, 10]. Diagnostic imaging is performed
especially in the presence of an intraocular foreign
body. The main imaging modalities are B-scan
ultrasonography and computed tomography. X-ray
and magnetic resonance imaging are sometimes used.
Computed tomography has been reported to be 90-
100% sensitive for intraocular foreign bodies. While
metal and glass appear hyperdense on computerised
tomography, wood fragments give a hypodense image
[10-12].

This study aims to determine the etiology,
epidemiology and clinical characteristics of open
globe injuries that cause permanent visual loss in
children. The occurrence of open globe injuries can be
reduced by investigating this issue in detail and
informing the family and the community.

METHODS

In our study, the files of 45 pediatric patients aged 1-
18 years who were followed up in the ophthalmology
clinic for open globe injury between January 2018 and
January 2023 were retrospectively reviewed. This
study was conducted in accordance with the
Declaration of Helsinki. Ethics committee approval
(number: 5358, date: 26 December 2023) was
obtained from the Instutional Review Board of indnii
University. Consent was obtained from the parents of
the patients in a signed form.

A detailed history of trauma was obtained from the
parents. Visual acuity was measured with Snellen's
chart, and visual acuity was recorded with the logMAR
scale in all children. Ocular motility, slit-lamp
biomicroscopy, anterior segment examination, and
fundus examination were performed. During the initial
examination, any pressure on the eye was avoided as
it might expel intraocular contents, and no intraocular
pressure measurement was performed. Further
investigations such as orbital and cranial computed
tomography and magnetic resonance imaging were
performed in selected patients when necessary.

The Ocular Trauma Score (OTS), proposed by
Kuhn ef al. [13] and colleagues, is a simple system
incorporating several variables to predict the final
visual outcome of an injured eye following ocular
trauma. The OTS variables were (initial visual acuity,
globe rupture, endophthalmitis, penetrating injury,
retinal detachment, and afferent pupillary defect).
Each of these variables is assigned a specific
numerical value (raw number). The sum of the raw
scores constitutes the OTS score. The OTS score
ranges from 1 (more serious injury and poorer
prognosis) to 5 (less serious injury and better
prognosis). Acar et al. [14] reported the prognostic
value of a new OTS in pediatric penetrating injuries.
The Pediatric Ocular Trauma Score (POTS) variables
(initial visual acuity, age, wound localisation, iris
prolapse, hyphaema, organic/unclean injury, delay of
surgery (>48h), traumatic cataract, vitreous
haemorrhage, retinal detachment, endophthalmitis).
As afferent pupillary defects could not be assessed in
children, they were not included in the scoring. Patient
variables such as age and wound location were
evaluated as important parameters and included in the
scoring. Patients were divided into five groups based
on their trauma assessment score, with higher scores
indicating a better prognosis [14].

The variables specified in this study have been
determined by taking into account OTS and POTS
variables. Afferent pupillary defect examination was
not included in this study because it is very difficult
in children. Age, gender, traumatised eye, localisation
of the incision, initial and final visual acuity, place of
trauma, vehicles causing trauma, pathologies
accompanying trauma, post-traumatic operations, time
between trauma and repair, and follow-up period were
recorded.
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The localization of the trauma was divided into
zones as corneal, corneascleral, and scleral injury
according to the standardised international
classification of ocular trauma [2, 3, 15]. The site of
injury was classified as home, outdoor, and school.
Patients with open globe injury and under the age of
18 were included in the present study. Patients without
open globe injury, over the age of 18, and with missing
data were excluded from the study. Initial and final
visual acuities were categorized as <0.05, 0.05-0.5, >
0.5 [13-15]. Initial and final visual acuity levels of the
patients whose visual acuity could not be analysed
were not evaluated statistically.

Primary repair was performed under general
anaesthesia in all patients participating in this study.
Necrotic and infected tissues at the wound site were
excised. If there was vitreous prolapse at the wound
site, a vitrectomy was performed. Lensectomy was
performed in eyes with capsular rupture. Enucleation
was not performed in any patient. After surgery, broad-
spectrum intravenous antibiotics were administered
for seven days, topical antibiotics every hour and
cyclopentolate twice a day. After one week, systemic
antibiotics and cyclopentolate were discontinued. The
topical antibiotic was decreased and continued for a
month. Postoperative ocular ultrasound was performed
in all patients.

Statistical Analysis

Statistical analysis of the data was performed with
SPSS 26.0 programme (SPSS Inc., Chicago, IL).
Power analysis was performed with G-Power v.3.1.9.7
software (Franz Faul, Universitét Kiel, Germany). For
this study, an alpha error of 5% was accepted, and
P<0.05 was considered statistically significant. A
power analysis was performed before the study. Due
to similar studies in the literature, the statistical power

(1-B) was accepted as 80% and the total sample size
was determined as 45 pediatric patients. Descriptive
statistics were expressed as mean + standard deviation
for continuous variables and as number of cases and
(%) for categorical variables. Frequency analyses, chi-
square test, and Pearson correlation analyses were
used in this study. Binary logistic regression analyses
were used to evaluate the relationships between

variables. Results were considered statistically
significant for P<0.05.
RESULTS

In our study, 45 eyes of 45 pediatric patients who were
followed up for open globe injury in our clinic were
evaluated retrospectively. Fifteen (33.3%) patients
were girls, and 30 (66.6%) were boys. The number of
male patients was twice the number of female patients.
The mean age was 10.4+4.4 years (1-18 years).
Children were divided into three groups according to
their ages. Six (13.3%) were 0-6 years old, 24 (53.3%)
were 7-12 years old, and 15 (33.3%) were 13-18 years
old (Table 1). There was no statistically significant
difference between the ages and genders of the
patients (P=0.407). The mean time between trauma
and hospitalisation was 3.84+2.88 hours, and the mean
follow-up period was 8.24+6.47 months. A statistically
significant negative correlation was found between the
time to hospitalisation and the duration of the follow-
up period (P=0.014).

The right eye was traumatised in 25 (55.6%)
patients and the left eye in 20 (44.4%) patients. No
patient had involvement of both eyes. Corneal injury
was detected in 20 (44.4%), corneascleral injury in 18
(40%), and scleral injury in 7 (15.6%) patients. Thirty-
one (68.9%) patients were exposed to trauma at home,

TABLE 1. Distribution of Patients According to Age and Gender

Female Male
Age (years) n (%) n (%) P-value*
0-6 3 10.0 3 20.0 0.407
7-12 18 60.0 6 40.0
13-18 9 30.0 6 40.0
Total 30 100.0 15 100.0

*Chi-square analysis
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TABLE 2. Characteristics of Patients According to Gender and age Groups

Characteristics 0-6 years 7-12 years 13-18 years
M F M F M F P-value*
Traumatized eye
Right eye 2 2 11 3 4 3 0.977
Left eye 1 1 7 3 5 3
Localization of trauma
Corneal 3 2 2 3 2 0.088
Corneascleral 4 3 2
Scleral 1 2
Place of trauma
Home 3 3 12 4 5 0.712
Outdoor 5 1
School 1 1 1
Type of trauma
Penetrating 2 3 16 6 6 6 0.261
Perforating 1 2 - 1 -
Foreign body - 2
Rupture -
Total 6 24 15

Data are shown as number (frequency). M, Male; F, Female.
*Chi-square analysis

11 (24.4%) patients were exposed to trauma outdoors
and 3 (6.7%) patients were exposed to trauma at
school. Most of the injuries occurred at home
Penetrating injuries were detected in 39 (86.7%)
patients, perforating injuries in 4 (8.9%) patients, and
intraocular foreign bodies in 2 (4.4%) patients. No
rupture was observed in any patient. No statistically
significant correlation was found between the eye in
which the trauma occurred, the localisation of the
trauma, the place where the trauma occurred, the type
of trauma and the age and gender of the patients (Table
2). Trauma was most commonly seen in boys aged 7-
12 years and in the cornea.

The most common tools causing trauma in this
study were a knife in 14 (31.1%) patients, glass in 7
(15.5%) patients, and stone in 3 (6.6%) patients. The
other tools causing trauma were 2 (4.4%) scissors, 2
(4.4%) pieces of wood, 2 (4.4%) toys, 2 (4.4%) pens,
1 (2.2%) spectacle lenses, 2 (4.4%) gun bullets, 2
(4.4%) fork, 2 (4.4%) tree branches, 2 (4.4%) dart

darts, 1 (2.2%) wooden kite stick, 1 (2.2%) wire, 1
(2.2%) nail, and 1 (2.2%) thorn.

Initial and final best visual acuity could not be
determined in three female patients aged 0-6 years
because they were too young and could not cooperate
during the examination. Initial visual acuity was <
0.05 in 27 (64.3%) patients, between 0.05-0.5 in 11
(26.2%) patients and > 0.5 in 4 (9.5%) patients. The
best final visual acuity was < 0.05 in 11 (26.2%)
patients, between 0.05-0.5 in 13 (30.9%) patients, and
> 0.5 in 18 (42.9%) patients. There was a statistically
significant difference between initial visual acuity and
final corrected best visual acuity according to the
patients' age and gender (P<0.001) (Table 3).

The findings revealed that the most common
ocular pathologies were iris prolapse in 19 (42.22%)
patients, traumatic cataract in 12 (26.67%) patients,
and hyphaema in 5 (11.11%) patients. There was no
statistically significant correlation between ocular
pathologies accompanying globe injuries and the age
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TABLE 3. Visual Acuity According to Age Groups and Gender

Age (years)
0-6 7-12 13-18 P-value*
Gender Initial visual acuity
Female <0.05 - 5 4 <0.001
0.05-0.5 - - 1
>0.5 - 1 1
Male <0.05 2 13 3
0.05-0.5 - 4 6
>0.5 1 1 -
Gender Final best corrected visual acuity
Female <0.05 - 3 1 <0.001
0.05-0.5 - 2 2
>0.5 - 1 3
Male <0.05 - 6 1
0.05-0.5 1 4 4
>0.5 2 8 4

Data are shown as number (frequency). (-) patient whose visual acuity cannot be analyzed.

*Chi-square analysis. Statistically significant P-values are shown in bold.

and gender of the patients (P=0.475) (Table 4).
Outcome visual acuity was categorised as <0.05

and >0.05. Both univariate and binary logistic

regression analyses were performed with outcome

visual acuity <0.05 and >0.05 as the dependent
significant
difference in age between the two visual acuity groups

variable.

(Table 5).

There was a

statistically

TABLE 4. Ocular Pathologies Associated with Open Eye Injuries According to Gender and Age

Groups

Factors

0-6 years

7-12 years

M F M

F

13-18 years

F

P-value*

Aphakia
Endophthalmitis
Hyphema

Iris prolapse

1

Choroidal detachment 1

Optik nerve damage

Retinal detachment

Retinal haemorrhage

Traumatic cataract

Vitreous haemorrhage 1

1

M
1
1
1
3

0.475

Data are shown as number (frequency).

*Chi- square analysis.
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TABLE 5. Variables Affecting Visual Prognosis

Factors Final best visual Final best visual P-value OR (regression
acuity <0.05% acuity >0.05% analysis)
Gender
Male 7(23.3) 23 (76.6) 0.085 0.251
Female 4 (33.3) 8 (66.6)
Age
0-6 3 (100) 0.049 3.958
7-12 9 (37.5) 15 (62.5)
13-18 2 (13.3) 13 (86.7)
Traumatized eye
Right eye 5(2.7) 17 (77.3) 0.409 1.989
Left eye 6 (30) 14 (70)
Localization of trauma
Corneal 2 (11.1) 16 (88.9) 0.458 0.715
Corneascleral 8(44.4) 10 (55.6)
Scleral 1(16.7) 5(83.3)
Place of trauma
Home 8 (28.6) 20(71.4) 0.284 0.500
Outdoor 3(27.3) 8 (72.7)
School 3 (100)
Type of trauma
Perforating 1(25) 3 (75) 0.379 0.296
Penetrating 8(22.2) 28 (77.8)
Foreign body 1 (50) 1 (50)
Rupture
Iris prolapse 2 (10.5) 17(89.5) 0.498 0.915
Hyphema 2 (40) 3 (60)
Vitreous haemorrhage 1(33.3) 2 (66.7)
Retinal haemorrhage 1 (50) 1 (50)
Choroidal detachment 1 (100)
Retinal detachment 2 (100)
Traumatic cataract 4 (33.3) 8 (66.7)
Aphakia 3 (100)
Optic nerve damage 1 (100)
Endophthalmitis 1 (100)
Initial vision <0.05 27 (64.3) 15 (35.7)
Presence of intraocular foreign body 1 (50) 1 (50)

Data are shown as number (%).

Statistically significant P-value is shown in bold.
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Primary repair was performed in all patients. 8-0
vicryl suture was used for scleral repair, and 10-0
nylon suture was used for corneal repair. After the first
operation, 15 (44.11%) patients had lensectomy, 12
(35.29%) patients had intraocular lens (IOL)
implantation, 5 (14.70%) patients had pars plana
vitrectomy, and 2 (5.88%) patients had pupilloplasty.

The best final visual examination revealed corneal
scarring in 5 (11.11%) patients, aphakia in 3 (6.66%)
patients, optic atrophy in 1 (2.22%) patient, retinal
scarring in 1 (2.22%) patient, and retinal detachment
in 2 (4.44%) patients.

DISCUSSION

In our study, trauma was most commonly seen in boys
aged 7-12 years and in the cornea. Penetrating injury
was the most common and most injuries occurred at
home with sharp objects. There was no significant
difference in the frequency of right and left eye
involvement, bilateral eye involvement was 0%. Initial
visual acuity was < 0.05 in 64.3% of patients, while
final best visual acuity was > 0.5 in 42.9% of patients.

It has been reported that most of the open globe
injuries (53.1%) occur during play because children
spend more of their time playing and are exposed to
potentially dangerous substances in their environment
and are vulnerable during play. Socioeconomic and
sociocultural conditions are important factors in eye
injuries occurring during play. The incidence rate is
higher among families who are poor, less educated,
and live in rural areas. It is observed twice more in
boys than in girls. The higher prevalence in boys is
attributed to boys being more aggressive than girls
[8,16]. In our study, similarly, open globe injuries
were observed twice more in boys than in girls.

Eye injuries have been reported to occur with
sharp objects such as scissors, glass, nails, knives and
keys. Young children, whose motor skills are not yet
fully developed, are prone to bumping into hard
objects and falling while walking or running. In some
cases, it is not known how the child was injured
because the child could not express himself/herself 1,
8, 11, 15, 17]. In our study, it was recorded that open
globe injuries occurred mostly with knife (31.1%),
scissors (15.5%) and stone (6.6%).

The most common type of open globe injury in

children worldwide is penetrating injury (48.4%-83%).
The most common injury localisation is corneal incision,
followed by corneascleral incision [1, 8, 11, 15, 17-20].
Similar to other studies, the most common type of injury
in our study was penetrating injury (86.7%). Corneal
incision (44.4%) and corneascleral incision (40%) were
the most common injury localisation.

In their study, Guo et al. [15] reported that the rate
of open globe injuries was higher in children aged 0-
6 years for both sexes than in children in other age
groups and that injuries were more common in boys
than in girls and in the right eye than in the left eye. In
the same study, it was reported that injuries occurred
due to glass, scissors and fireworks in pre-school
children and most injuries occurred with pencils in
primary school age. Since children are protected from
the working environment, unlike adults, perforation
with an intraocular foreign body is less common. In
their study, the rate of perforation with intraocular
foreign body in children was 6.4% [15].

Tok et al. [21] reported that 54 of 82 patients were
boys, and 37.8% were between the ages of 3-6 years.
They reported that the most common tool causing
trauma was pointed metallic objects, and injuries
occurred most frequently in the street [21]. Gupta et al.
[22] reported that open globe injuries were observed in
(85%) of males and (15%) of females, and the mean age
of traumatised patients was 9.8 years. In our study, the
mean age of the traumatised patients was 10.4+4.4 years.

The findings accompanying open globe injuries in
children include hyphema, vitreous haemorrhage,
uveal prolapse, cataract, lens subluxation,
iridodialysis, retinal detachment and endophthalmitis
[11, 23]. In studies, it has been reported that poor
visual prognosis is related to poor initial visual acuity,
presence of an afferent pupillary defect, posterior
location and long wound, scleral injury, lens
involvement, retinal detachment, vitreous and uveal
prolapse, hyphema and endophthalmitis [9, 11, 15, 21,
24]. The most common findings in our study were iris
prolapse (42.22%), traumatic cataract (26.67%) and
hyphaema (11.11%). There was no statistically
significant relationship between the findings recorded
in the study and final visual acuity. Since retinal
detachment, endophthalmitis, optic nerve damage and
choroidal detachment are rarely seen, it is thought that
there is no significant relationship with visual acuity.

Traumatic cataract is the most common
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complication after open globe injuries. Other
complications observed are endophthalmitis, retinal
detachment, vitreous haemorrhage, sympathetic
ophthalmia, chronic intraocular foreign body toxicity,
amblyopia, corneal scar and astigmatism [8, 11, 15].
In our study, cataract (26.67%) and corneal scar
(11.11%) were observed most frequently.

Azimi et al. [2] reported that 33.6% of the cases
were operated twice, and 12.7% were operated three
times in their study. They reported that lensectomy and
deep vitrectomy were performed most frequently after
the first operation [2]. In open globe injuries,
vitrectomy provides a reconstruction of the posterior
segment, clears vitreous opacity and prevents phakisis.
A vitrectomy should be performed within the first 14
days after ocular trauma [23]. In our study, lensectomy
(44.11%), intraocular lens implantation (35.29%), pars
plana vitrectomy (14.70%) and pupilloplasty (5.88%)
were performed after the first operation.

The risk of endophthalmitis after open globe
injuries in children is 4.9-54.2%. The risk of
endophthalmitis increases in the presence of an
intraocular foreign body, injury in a rural area, contact
with organic material in the wound and if more than
24 hours have passed since the injury. The agents of
endophthalmitis after trauma are frequently
streptococcus, staphylococcus epidermis, bacillus sp.,
fungal infection may occur in injuries caused by tree
branches [2, 11]. Sul et al. [9] found endophthalmitis
in 22 patients (12.1%) in their study. In 16 of 22
patients, primary surgical intervention was performed
after 24 hours. This shows the importance of primary
surgical intervention in less than 24 hours in terms of
endophthalmitis development. Final visual acuity was
also worse. Retinal detachment was observed in 11
patients who developed endophthalmitis [9]. Narang
et al. [25] reported that endophthalmitis developed in
39 (54.16%) of 72 patients after open globe injuries in
children. They reported that delayed repair for more
than 24 hours, injury with arrow and domestic injuries
were associated with a high risk of endophthalmitis,
while the size and location of the wound, injury of the
lens, iris, vitreous prolapse and presence of intraocular
foreign body were not associated with endophthalmitis
[25]. In another study by Ghadeer et al. [26], it was
reported that endophthalmitis developed in 23 eyes.
Zheng et al. [27] reported that most of the open globe
injuries were observed in pre-school children and boys,

frequently occurred with sharp objects, such as knives,
scissors and broken glasses, and the risk of
endophthalmitis increased in primary repairs
performed over 24 hours. In our study, endophthalmitis
occurred in one patient who was injured in the street
by a gunshot.

Gursoy et al. found that pars plana vitrectomy, iris,
ciliary body and choroidal damage, posttraumatic
aphakia were associated with poor prognosis. It was
reported that traumatic cataract was not associated
with poor prognosis in children with appropriate
intervention. Incisions of the prolapsed vitreous and
penetrating injuries were associated with better visual
prognosis compared to other injuries [28]. Wen et al.
[29] found that severe intraocular haemorrhage, retinal
detachment and choroidal damage occurred in
pediatric patients with no light sensation in the first
vision.

In our study, there was no statistically significant
correlation between pathologies accompanying open
globe injury, initial visual acuity <0.05, presence of the
intraocular foreign body, type of trauma, place of
trauma, traumatised eye and localisation of trauma in
the eye and final visual acuity (P>0.05). There was a
statistically significant difference between initial visual
acuity and final corrected best visual acuity according
to the patients' age and gender (P<0.001). There was
no difference between the pathologies accompanying
trauma (P=0.475), traumatised eye (P=0.977), place of
trauma (P=0.712), localisation of trauma (P=0.088),
type of trauma (P=0.261), age and gender.

Jandeck et al. [4] reported that the average follow-
up period for perforating globe injuries was 15.5
months. Tabatabaei et al. [20] reported that in 66.6%
of patients, the time between the occurrence of eye
trauma and hospital admission was less than 12 hours.
In our study, the mean time between trauma and
hospitalisation was 3.8442.88 hours, and the mean
follow-up period was 8.24+ 6.47 months. A
statistically significant negative correlation was found
between the time to hospitalisation and the duration of
follow-up period. As there is a high risk of blindness
in perforating eye injuries, follow-up periods may be
lengthy even if patients arrive at the hospital early.

Strengths and Limitations

Since this study was retrospective, it has
limitations. The single-centre nature of the study. The
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small number of patients, the fact that patient
information is limited to data recorded during the
patient's hospital stay, the absence of standardised
long-term visual follow-up, and the data obtained
during follow-up after the patient's discharge limit this
study. This study supports the findings of previous
studies. Understanding the epidemiological and
clinical characteristics of open globe injuries in
children can raise awareness among families and the
community, and these injuries, which can lead to
amblyopia and blindness, can be prevented by taking
simple precautions.

CONCLUSION

As a result, open globe injuries cause more surgical
procedures and complications, patients are
hospitalised longer and the visual prognosis is worse
compared to closed globe injuries. It is important to
ensure that children stay away from sharp-edged,
pointed, explosive objects. Our findings highlight the
importance of preventive education and parental
awareness to reduce the risk of ocular trauma in
children. To determine the prognostic factors and
treatment of the disease, multicentre, prospective
studies involving a larger number of cases are
required.
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ABSTRACT

Objectives: In human epidermal growth factor receptor 2 (HER2)-negative breast cancer, the need for
chemotherapy often continues from the 3rd line onwards. However, these patients may experience side effects
without the desired benefit due to prolonged treatments and low response rates. Our study examined immature
granulocytes, routinely checked in hemogram results, for their ability to predict treatment response and toxicity.
Methods: Data from patients who received third-line or later chemotherapy for HER2-negative breast cancer
between 2015 and 2024 were analyzed to determine if immature granulocytes could predict treatment response,
progression-free survival, or toxicity.

Results: A total of 41 chemotherapy administrations were analyzed, and significant differences were observed
in initial immature granulocyte counts (IG#) (P=0.046) and percentages (1G%) (P=0.006) across disease
response categories. A statistically significant inverse correlation was identified between progression-free
survival and both IG# (1= -0.332, P=0.034) and IG% (r=-0.323, P=0.039), indicating that elevated immature
granulocyte levels were associated with shorter progression-free survival. However, regression analysis did
not demonstrate a statistically significant predictive effect of IG# or IG% on progression duration (R?= 0.103,
F=2.47, P=0.098). Grade 3-4 toxicity occurred in 18 of 41 patients, but no statistically significant relationship
was observed with IG#, and 1G%. P=0.12 for IG# and P=0.24 for 1G%)).

Conclusions: Pre-treatment immature granulocytes may indicate prognosis and chemotherapy resistance in
breast cancer patients. They could potentially help avoid unnecessary chemotherapy, guiding patients towards
targeted therapies or best supportive care.

Keywords: Breast Cancer, Immature Granulocytes, Progression-Free Survival, Predictive Biomarker,
Overtreatment, Human Epidermal Growth Factor Receptor 2 (HER2)

reast cancer is a globally prevalent malignancy, growth factor receptor 2 (HER2)-negative subtypes,
@presenting a significant clinical challenge in where the inherent heterogeneity of the disease and
establishing effective and personalized inter-individual variations in tumor biology contribute
treatment strategies [1]. This complexity is particularly to unpredictable treatment responses and the
pronounced in advanced-stage, the human epidermal development of resistance [2]. Chemotherapy remains
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a frequently utilized therapeutic option in clinical
practice for patients with HER2-negative breast cancer,
even for those with an otherwise favorable prognosis
[3]. The persistent reliance on chemotherapy, even in
later lines of therapy, is notable given its often
diminishing efficacy and the potential for cumulative
toxicities [4]. This underscores the critical need for
improved predictive biomarkers to optimize patient
selection and prevent overtreatment [5].

In this context, there is a continued need for
reliable biomarkers that can predict treatment
response, particularly as patients progress to later lines
of therapy where the balance between efficacy and
toxicity becomes increasingly critical. In recent years,
immature granulocytes (IGs), defined as early myeloid
precursors including promyelocytes, myelocytes, and
metamyelocytes released into the peripheral blood
during enhanced bone marrow activity, have garnered
significant attention as readily accessible indicators of
systemic inflammatory response and immune system
activation across various malignancies [6]. Their role
as potential prognostic or predictive biomarkers has
been extensively investigated, offering insights into
disease progression, treatment efficacy, and even the
likelihood of adverse events [7]. Specifically, in the
complex landscape of HER2-negative breast cancer,
where treatment individualization is paramount,
understanding the predictive capacity of IGs could
refine patient stratification and guide critical decisions
regarding the continuation or modification of
chemotherapy regimens, ultimately aiming to optimize
outcomes while mitigating unnecessary toxicity and
overtreatment [8].

This study endeavors to evaluate the specific role
of IGs, determined before the initiation of third-line
and subsequent chemotherapy regimens, in predicting
treatment response among patients diagnosed with
HER2-negative metastatic breast cancer. This
investigation is particularly relevant given the critical
need for effective biomarkers in later lines of therapy,
where treatment decisions become increasingly
complex. The anticipated findings are expected to
shed significant light on the clinical utility of IGs as a
potential predictive tool. This tool could serve to guide
more personalized treatment decisions, ultimately
helping to prevent unnecessary overtreatment and
thereby improving patient outcomes by optimizing
therapeutic strategies.

METHODS
Study Design and Participants

This retrospective study involved the analysis of
patient medical records from Kiitahya Health Sciences
Evliya Celebi Training and Research Hospital and
Kiitahya City Hospital, covering the period from 2015
to 2024. Eligible patients were identified, and a total
of 41 distinct treatment protocols were documented for
individuals who had received third-line or subsequent
lines of therapy. Patients who had undergone multiple
lines of treatment were not excluded from this analysis.
Therapies administered during the metastatic phase
were specifically documented, whereas neoadjuvant or
adjuvant treatments were not categorized as separate
lines of therapy. Similarly, non-chemotherapeutic
interventions, such as hormonal or targeted therapies,
were not counted as distinct lines of treatment. Patients
diagnosed with HER2-positive disease or those who
discontinued treatment for reasons unrelated to disease
progression were excluded from the study.

Measurement of Immature Granulocytes

Immature granulocyte count (IG#) and immature
granulocyte percentage (IG%) were routinely
quantified as part of the comprehensive blood count
panel. These parameters were analyzed utilizing a
Mindray BC-6000 analyzer, employing a focusing
flow-direct current detection methodology. This
technique  facilitates the  three-dimensional
characterization of target cells through their interaction
with specific reagents, thereby generating dual-angle
laser scatter signals and fluorescence, a process
designated as the 'SF Cube'. The resultant three-
dimensional scatter diagrams, derived from data
encompassing cellular size, intracellular complexity,
and nucleic acid (DNA/RNA) content, enable clinical
experts to accurately identify and differentiate various
cell populations.

Chemotherapy Regimens

Patients who had received a minimum of two
distinct lines of chemotherapy, administered either as
monotherapy or in combination regimens, during the
metastatic phase and subsequently demonstrated
disease progression were included. Additionally,
patient inclusion criteria encompassed those who had
discontinued anthracycline-based treatment owing to
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cumulative dosage, even in the absence of disease
progression. The retrospective analysis focused on
patients who had adhered to their prescribed treatment
protocols by receiving the full planned doses and had

undergone subsequent response evaluations.
Eligibility further required patients to have completed
their treatment and to possess documented

progression-free survival (PFS) data derived from the
outcomes of their response evaluations. The specific
chemotherapy regimens subjected to analysis in this
study included Gemcitabine, Taxane, Platinum
combinations,  Anthracycline-cyclophosphamide,
Liposomal doxorubicin, Vinorelbine, Ixabepilone,
Eribulin, and Capecitabine.

Response Evaluation

The treatment responses of all patients were
meticulously evaluated at the study centers. Patients'
treatment responses were systematically classified as
complete response, partial response, stable disease,
and progressive disease based on the initial imaging
evaluations performed 8 to 16 weeks after the start of
treatment, according to the Response Evaluation
Criteria in Solid Tumors guidelines. The overall
response rate was calculated by combining the rates
of complete and partial responses. These detailed
response assessments were critical for subsequent
analyses, including the determination of pro PFS data.

Toxicity Analysis

The toxicities documented in patients' medical
records underwent thorough evaluation. Exclusion
criteria included patients who discontinued treatment
because of toxicity. Toxicities were classified using
the Common Terminology Criteria for Adverse Events
criteria, and both the incidence of grade 3 or higher
toxicities and the specific types of adverse events were
assessed.

Ethical Considerations

The study received approval from the Non-
Interventional Research Ethics Committee of
Bezmialem Vakif University (Decision No.: 2025/31-
03; date: 05.02.2025), with all methodologies adhering
to the principles outlined in the Helsinki Declaration.
Since this was a retrospective study, informed consent
was not obtained from the participants.

Statistical Analysis

All statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 25.0 (IBM
Corp., Armonk, NY, USA). Descriptive statistics were
utilized to summarize patient demographics, treatment
characteristics, and laboratory values. Categorical
variables were presented as frequencies and
percentages, whereas continuous variables were
reported as either mean +standard deviation (SD) for
normally distributed data or as median (interquartile
range, IQR) for non-normally distributed variables. To
evaluate the association between baseline IG# and
IG% with disease response categories (progressive
disease, stable disease, and partial response), the
Kruskal-Wallis test, a non-parametric method for
comparing more than two independent groups, was
employed due to the non-normal distribution of the
data. The relationship between PFS and both 1G# and
IG% was assessed using Pearson’s correlation
coefficient, allowing the evaluation of linear
relationships  between  continuous  variables.
Additionally, a multiple linear regression analysis was
conducted to determine whether IG# and 1G%
independently predicted PFS, adjusting for potential
collinearity and assessing the overall contribution of
each predictor to the model. The coefficient of
determination (R?) was calculated to estimate the
proportion of variance in PFS explained by the model.
Additionally, the Mann—Whitney U test was utilized
to compare immature granulocyte metrics (IG# and
IG%) between patients with and without Grade 3—4
adverse events reflecting non-parametric analysis due
to the non-normal distribution of these variables. All
statistical tests were two-tailed, and a P-value of less
than 0.05 was considered to indicate statistical
significance. The results were interpreted in the
context of clinical relevance and existing literature.

RESULTS
Patient Characteristics and Treatment Regimens

Table 1 summarizes the treatment regimens and
patient demographics. The study included a total of 41
chemotherapy administrations for 25 patients. The
patients had a mean age of 54.2 years, and only 1
patient was male, with the rest being female. The
treatment agents used included gemcitabine (34.1%),
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TABLE 1. Treatment Regimens and Patient
Demographics

Variables n Percentage
Treatment
Gemcitabine 14 34.1%
Taxane 1 2.4%
Platinum combination 4 9.8%
Anthracycline- 3 7.3%
cyclophosphamide
Liposomal doxorubicin 2 4.9%
Vinorelbine 6 14.6%
Ixabepilone 2 4.9%
Eribulin 1 2.4%
Capecitabine 8 19.5%
Hormone status
Positive 10 40%
Negative 15 60%
Line of therapy
3rd 25 61.0%
4th 12 29.3%
5th 4 9.8%

taxane (2.4%), platinum combinations (9.8%),
anthracycline-cyclophosphamide (7.3%), liposomal
doxorubicin (4.9%), vinorelbine (14.6%), ixabepilone
(4.9%), eribulin (2.4%), and capecitabine (19.5%).
Patients were also categorized by hormone receptor
status, with 40% being hormone receptor-positive and
60% being hormone receptor-negative. The line of
therapy was reported, with 61% receiving treatment
in the third line, 29.3% in the fourth line, and 9.8% in
the fifth line.

Treatment Response and PFS

Table 2 summarizes treatment responses and PFS.
Overall, as the Iline of therapy advanced,
outcomesworsened, with higher rates of progressive
disease and progressively shorter median PFS (4.6
months in third line vs. 2.8 and 2.1 months in fourth
and fifth lines, respectively). Hormone receptor—
negative patients tended to achieve slightly better
outcomes than hormone receptor—positive patients.

Among treatment regimens, platinum-based
combinations were associated with more favorable
responses and longer median PFS, while most other
agents demonstrated modest efficacy.

IGs and Disease Response

Table 3 and Figure 1 presents the association
between IG parameters and disease response groups.
The mean initial IG# at treatment start was 0.17+0.22
in the progressive disease group, 0.048+0.075 in the
stable disease group, and 0.016+0.016 in the partial
response group. The overall comparison showed a
statistically significant difference among the groups
(P=0.046), with post hoc analysis indicating a
significant difference between progressive disease and
partial response (P=0.040), while the other pairwise
comparisons were not statistically significant.
Similarly, the mean initial IG% at treatment start was
1.65+1.78 in the progressive disease group, 0.56+1.06
in the stable disease group, and 0.4040.28 in the partial
response group. The overall Kruskal-Wallis test
demonstrated a statistically significant difference
(P=0.006), and pairwiseanalysis revealed a significant
difference between progressive disease and stable
disease (P=0.030), whereas the other subgroup
comparisons did not reach statistical significance.

Correlation Between IGs and PFS

Pearson correlation analysis revealed a statistically
significant inverse association between PFS and both
IG# (r=—0.332, P=0.034) and 1G% (r= —-0.323, P =
0.039), indicating that higher baseline 1G levels were
associated with shorter PFS (Table 4). Consistent with
these findings, Kaplan-Meier curves stratified by IG
levels demonstrated significantly reduced PFS in
patients with elevated IGs (Figure 2).

Regression Analysis of Progression Duration

Table 5 presents the regression coefficients for the
dependent variable, progression duration. The overall
regression analysis results for the model show an R?
of 0.103, an F-value of 2.47, and a p-value of 0.098.
In this model, while the constant coefficient (b= 129.4,
SE=9.81, 95% CI: 109.60-149.33, t=13.19, P<0.001)
was statistically significant, neither the 1G# (b= -
54.69, SE= 81.46, 95% CI: -219.60-110.23, t=-0.67,
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TABLE 2. Treatment Responses and Progression-Free Survival Across Lines of Therapy, Hormone

Status, and Regimens

Variables Progressive Stable disease = Partial Complete = Median progression-
disease response response free survival (months)”*
Line of treatment
3rd 13 6 6 0 4.6
4th 11 0 0 2.8
Sth 3 1 0 0 2.1
Hormone status
Positive 14 3 2 0 2.8
Negative 13 5 0 3
Regimen
Gemcitabine 11 3 0 0 3
Taxane 1 0 0 0 3
Platinum combination 0 2 2 0 6
AC 1 1 1 0 5
Liposomal doxorubicin 2 0 0 0 2.1
Vinorelbine 6 0 0 0 2.8
Ixabepilone 1 0 1 0 2.1
Eribulin 1 0 0 0 2
Capecitabine 4 2 2 0 3

Data are shown as median or number of patients. AC, anthracycline-cyclophosphamide.

#A Kaplan-Meier analysis was performed.

P=0.506) nor the IG% (b=-4.44, SE=9.88, 95% CI: -
24.44-15.57,t=-0.45, P=0.656) showed a statistically
significant effect on progression duration.

Grade 3-4 Toxicity Outcomes

Among the 41 chemotherapy administrations
analyzed, Grade 3-4 toxicity was observed in 18
(43.9%) cases , while 23 (56.1%) cases exhibited no
such severe adverse events. The most frequently
reported high-grade toxicities included hematologic
complications such as severe neutropenia, anemia, and
thrombocytopenia. In addition, patients experienced
other significant toxicities, including gastrointestinal
disturbances (e.g., mucositis, persistent nausea/
vomiting), fatigue, peripheral neuropathy, and
dermatologic reactions. To investigate whether there
was an association between baseline 1Gs and severe
toxicity, a comparative analysis was performed. The
mean IG# and 1G% were higher in patients who
developed Grade 3-4 adverse events compared to

those who did not (IG# mean rank: 24.08 vs. 18.59;
IG% mean rank: 23.44 vs. 19.09). However, these
differences did not reach statistical significance
(P=0.12 for IG# and P=0.24 for IG%), indicating that
initial IG metrics may not reliably predict the

occurrence of high-grade toxicities in this cohort
(Table 6).

DISCUSSION

The present study unequivocally demonstrates a
discernible inverse correlation between the number of
chemotherapy lines administered and both treatment
response rates and median PFS. This finding
highlights a significant clinical dilemma: as patients
advance to fourth and fifth lines of systemic therapy,
the probability of deriving substantial therapeutic
benefit from intensive chemotherapy regimens
markedly diminishes. Illustratively, the median PFS,
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TABLE 3. Association of Immature Granulocytes with Disease Response Groups

Variables Progressive  Stable disease Partial Overall Pairwise comparisons
disease response P-value P-value
(n=27) (n=8) (n=6)
Initial IG# (x10%/pL) 0.17+0.22 0.048+0.075 0.016+0.016 0.046 PD vs SD =0.143;
PD vs PR = 0.040;
SD vs PR =0.491
Initial IG (%) 1.65+1.78 0.56£1.06 0.40+0.28 0.006 PD vs SD = 0.03;

PD vs PR = 0.072;
SD vs PR = 0.282

Data are shown as meantstandard deviation. IG#, Immature granulocyte count; IG%, Immature granulocyte percentage.
Overall P values were calculated using the Kruskal-Wallis test.
Pairwise subgroup comparisons were performed using the Mann-Whitney U test with Bonferroni correction. Statistically

significant P-values are shown in bold.

which stood at 4.6 months for the third-line setting,
notably decreased to 2.8 and 2.1 months in the fourth
and fifth lines, respectively. This observed trajectory
of progressively poorer outcomes with successive
lines of therapy is well-documented in the existing
literature, underscoring the inherent difficulties
associated ~ with  managing  advanced-stage
malignancies and the diminishing efficacy of
cumulative  chemotherapy interventions [9].
Consequently, these results emphasize the imperative
for a more selective approach to patient stratification,
particularly when considering advanced-line
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chemotherapy.

This investigation considered the possible role of
IGs as potential indicators of chemotherapy outcomes
and PFS, primarily in advanced HER2-negative breast
cancer. Our findings revealed statistically significant
differences in IG# and 1G% levels among the
progressive disease, stable disease, and partial
response groups. In the existing literature, elevated 1G
levels are generally recognized as indicators of
systemic inflammation, bone marrow stress, or tumor-
associated myelopoiesis [10]. In cancer patients, this
elevation may reflect an immunological imbalance
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FIGURE 1. Baseline immature granulocyte (IG) levels by treatment response groups. a) Mean IG count (x10*/uL, £SD) for
progressive disease, stable disease, and partial response groups. b) Mean IG percentage (%, £SD) for the same groups. Error

bars represent standard deviations.
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TABLE 4. Correlation between progression-free
survival and Immature Granulocyte Parameters

Variable R P-value
Immature granulocyte count -0.332  0.034
Immature granulocyte percentage -0.323  0.039

Pearson correlation analysis was used to evaluate the
relationship between progression-free survival and immature
granulocyte parameters. Negative r values indicate an inverse
correlation. Statistically significant P-values are shown in
bold.

driven by chronic inflammatory processes and the
tumor itself [11]. This connection is rooted in the
continuous interplay between cancer cells and the host
immune system, where the tumor, through various
signaling molecules like granulocyte-colony
stimulating factor and IL-6, can induce extramedullary
hematopoiesis and accelerate myelopoiesis in the bone
marrow, leading to an increased release of immature
myeloid cells into circulation [12]. These circulating
IGs, while often a consequence of systemic
inflammation, can also actively contribute to it by
releasing  pro-inflammatory = cytokines  and
chemokines, thus perpetuating a vicious cycle that

a) PFS by IG Count

1.0+ — Llow IG#
—— High IG#

_ 0.8
©
>
2
7
N 0.6
(0]
o
c
o]
0041
g
D
o
o

0.2r

0.0r

0 2 4 6 8

Time (months)

Progression-free survival

supports tumor growth and progression [13]. Cancer-
associated inflammation not only facilitates tumor
survival and proliferation but also promotes invasion
and metastasis by shaping a microenvironment that
supports tumor progression [ 14]. While inflammation
is a fundamental defense mechanism of the immune
system, in the context of malignancy, it can
paradoxically accelerate tumor growth by fostering an
immunosuppressive  tumor  microenvironment,
stimulating angiogenesis, and enhancing metastatic
potential [15]. IGs, as early myeloid precursors, may
contribute to this immunosuppressive state by serving
as a source of myeloid-derived suppressor
cells(MDSCs), a heterogeneous population of cells
known for their potent immunosuppressive functions
[16]. These MDSCs, through their unique metabolic
and enzymatic activities, actively subvert anti-tumor
immunity [17]. Specifically, MDSCs interfere with
anti-tumor immunity through multiple mechanisms,
including the production of arginase 1 and inducible
nitric oxide synthase (iNOS), which deplete essential
amino acids necessary for T-cell proliferation and
function, leading to T-cell anergy [18]. Furthermore,
MDSCs generate reactive oxygen species that induce
oxidative stress, causing DNA damage and nitration

b) PFS by IG Percentage
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FIGURE 2. Kaplan—Meier curves of progression-free survival (PFS) according to immature granulocyte (IG) levels. a) PFS
by IG count (low vs. high, median cut-off). b) PFS by IG percentage (low vs. high, median cut-off). The log-rank test was

used to compare survival distributions between groups.
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TABLE 5. Regression Coefficients for Inmature Granulocyte Metrics Predicting Progression-Free

Survival

Variable b SE 95% CI (LL, UL) t P-value
Constant 129.47 9.81 109.60, 149.33 13.19 <0.001
IG Count —54.69 81.46 -219.60, 110.23 —0.67 0.506
IG Percentage —4.44 9.88 —24.44,15.57 —0.45 0.656

IG, immature granulocyte; b, unstandardized regression coefficient; SE, standard error; CI, confidence interval; LL, lower
limit; UL, upper limit. R?>=0.103, F(2, 38)=2.47, P=0.098. Statistically significant P-values are shown in bold.

of T-cell receptors, thereby inhibiting cytotoxic T
lymphocyte activation [19]. They also suppress natural
killer cell activity, induce regulatory T cells, and
secrete pro-tumorigenic and immunosuppressive
cytokines such as IL-10, TGF-B, and VEGF [20].
These cytokines further reinforce the suppressive
milieu, enabling tumor cells to evade immune
surveillance, resist apoptosis, and develop tolerance to
chemotherapeutic agents. In addition, chronic
inflammation and MDSC accumulation are linked to
activation of signaling pathways such as STAT3, NF-
kB, and PI3K/AKT, which not only enhance tumor
cell survival and proliferation but also upregulate
multidrug resistance proteins, thereby directly
contributing to chemotherapy resistance [21]. This
may explain why, in our study, higher 1G levels were
associated with progressive disease and shorter PFS.
These observations support the hypothesis that
increased IGs are not merely a byproduct of
inflammation, but may actively participate in creating
a tumor-promoting, therapy-resistant environment.
Previous research across different malignancies has
highlighted the prognostic and predictive significance
of inflammatory markers, including IGs, as surrogates
for tumor burden, rapid progression, or therapeutic
resistance [22]. The integration of IG monitoring into
clinical practice could therefore aid in early

identification of patients less likely to respond to
standard chemotherapy, particularly in aggressive and
treatment-refractory cancers such as advanced HER2-
negative breast cancer, who have undergone multiple
lines of chemotherapy, where chemotherapy response
and associated toxicities can be highly variable. By
enabling timely therapeutic adjustments, such as the
introduction of immunomodulatory agents, anti-
MDSC strategies, or novel targeted therapies, this
approach could contribute to more personalized and
effective treatment strategies, ultimately improving
patient outcomes.

The observation of Grade 3-4 toxicity in 43.9% of
cases in the study underscores the significant side
effects of chemotherapy administered to patients with
advanced breast cancer. This high toxicity rate
increases the potential for using biomarkers like 1Gs
to protect patients from unnecessary overtreatment and
to identify those who will derive the least benefit from
treatment or are at the highest risk of toxicity. While
our study did not find a statistically significant
difference in IG levels between patients with and
without adverse events, aligning with findings that
initial IG metrics may not reliably predict high-grade
toxicities in all cohorts, the broader literature
emphasizes the link between elevated IGs and
systemic inflammation, tumor progression, and

TABLE 6. Immature Granulocyte Metrics by Grade 3—4 Adverse Event Status

Metric Mean rank Mean rank U Z P-value
Grade 3—4 AE Grade 3—4 AE
Absent (n = 23) Present (n = 18)
IG Count 18.59 24.08 151.5 -1.538 0.12
IG Percentage 19.09 23.44 163.0 -1.183 0.24

AE, adverse event. Comparisons were performed using the Mann-Whitney U test due to non-normal data distribution.
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treatment resistance [23]. Given the association of IGs
with treatment efficacy, their role in predicting poor
response, as observed in our study with progressive
disease, could be critical. This predictive capacity,
even without a direct link to toxicity incidence, might
allow for the identification of patients unlikely to
benefit, thereby potentially preventing their exposure
to ineffective yet highly toxic therapies. Such an
approach could significantly mitigate severe adverse
effects that profoundly impact patients' quality of life
in subsequent lines of therapy, potentially supporting
the imperative for optimizing patient selection and
preventing overtreatment in challenging clinical
scenarios.

Strengths and Limitations

A major strength of this study is its focus on a
clinically challenging and underexplored population,
namely patients with HER2-negative breast cancer
receiving third-line or later chemotherapy, a setting in
which treatment decisions are often made with limited
predictive guidance. By evaluating IG# and 1G%—
parameters that are routinely available from standard
complete blood counts—this study explores a low-
cost, widely accessible, and easily implementable
biomarker without additional laboratory burden.
Another important strength is the real-world nature of
the cohort, reflecting daily clinical practice across
multiple chemotherapy regimens and treatment lines,
thereby enhancing the clinical relevance of the
findings. Furthermore, the simultaneous assessment of
treatment response, PFS, and toxicity allows for a
comprehensive evaluation of the potential clinical
utility of IGs, not only as prognostic indicators but also
as tools that may help identify patients unlikely to
benefit from further chemotherapy. This integrated
approach aligns with the growing need to prevent
overtreatment and to optimize patient selection in
advanced-line breast cancer management.

The limitations of our study are multifaceted, pri-
marily stemming from its modest sample size, which
inherently restricts the statistical power and the ability
to detect more subtle yet clinically meaningful asso-
ciations. Although the correlation analyses between
immature granulocyte parameters and progression-
free survival yielded statistically significant results,
the effect sizes were relatively modest, and the limited

sample size weakens the power of these findings, in-
dicating that they should be interpreted as exploratory
rather than confirmatory. This constraint also height-
ens the risk of Type II errors, potentially masking true
effects. Concurrently, the retrospective nature of the
study design introduces inherent challenges, including
potential for selection bias, the absence of standard-
ized data collection protocols, and the difficulty in es-
tablishing definitive causal relationships due to
uncontrolled confounding variables. These method-
ological limitations collectively impact the reliability
and completeness of the gathered patient data and out-
comes. Consequently, the generalizability of our find-
ings to a broader patient population, including those
with different breast cancer subtypes or varying clin-
ical contexts, is limited. Future prospective, multi-cen-
ter, and larger cohort studies are essential to validate
these preliminary observations, more robustly define
the role of IGs in predicting chemotherapy response
and prognosis in HER2-negative breast cancer, and
provide the robust evidence necessary for their confi-
dent integration into clinical practice for optimizing
treatment strategies and reducing overtreatment.

CONCLUSION

Measuring IGs could represent a cost-effective and
readily implementable method, potentially seamlessly
integrating into routine complete blood count analyses
without imposing additional workload or financial
burden. The findings of our study tend to suggest that
IG levels could serve as crucial predictive biomarkers.
This could be particularly relevant for guiding treatment
decisions in breast cancer, especially concerning third-
line and subsequent chemotherapy regimens, which are
frequently administered in daily clinical practice. Given
the current lack of robust predictive biomarkers in these
advanced settings, the potential role of IGs appears
significant. Such insights could enable a more
personalized approach to patient management,
potentially allowing clinicians to prioritize tailored
therapies or even best supportive care for patients who
are already burdened by extensive treatments and for
whom a curative outcome is no longer feasible.
Therefore, there is a critical need for larger-scale,
prospective studies to further validate these preliminary
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observations and establish the utility of IGs in
optimizing therapeutic strategies and improving patient
outcomes in this challenging patient population.
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ABSTRACT

Objectives: Contrast media can cause adverse reactions ranging from mild skin symptoms to anaphylaxis. Al-
though the pathophysiology is not fully understood, various risk factors have been reported. This study aimed
to evaluate the risk factors and skin tests in patients experiencing hypersensitivity reactions to contrast media.
Methods: A total of 52 patients were included in the study. Patients experiencing contrast media-induced hy-
persensitivity reactions were evaluated for demographic and clinical characteristics, the type of contrast media
used, and skin tests. They were compared with patients without a history of reactions. The patient group expe-
riencing reactions was further divided into two groups: those with and without atopic disease.

Results: The patient group experiencing reactions was older. Comorbidity was high, and cardiovascular disease
was the most common. Reactions were most frequently immediate and grade 1 and 2 in severity. The skin was
most commonly affected, and anaphylaxis was detected in 28.6%. Approximately one-third had comorbid
atopic disease, and respiratory system diseases and Hashimoto's thyroiditis were significantly more common
in this group. In the group without comorbid atopic disease, malignancy and psychiatric disorders were more
common, but not significantly so. Skin tests were negative in all groups.

Conclusions: Hypersensitivity reactions related to contrast medium use are increasing. Unnecessary exami-
nations and tests cause delays in patient follow-up and treatment. All physicians must recognize and appropri-
ately manage patients and reactions at high risk for contrast medium-related hypersensitivity reactions. We
believe our study will contribute to the literature in managing and raising awareness of these reactions.
Keywords: Contrast Media, Hypersensitivity, Atopy, Skin Test

n modern medicine, iodinated contrast media resonance imaging scans, in the diagnosis and follow-
(ICM) are increasingly used for computed up of diseases [1, 2]. Although the frequency of
tomography scans, and gadolinium-based radiocontrast medium-induced hypersensitivity
contrast media (GBCM) are used for magnetic reactions (HR) has decreased with the replacement of
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high-osmolar contrast media (CM) by low- or iso-
osmolar agents, the increasing number of diagnostic
tests using radiocontrast media makes HRs a
significant problem [3]. In the 21st century, the general
prevalence of immediate-type HR (IHR) with non-
ionic radiocontrast media has been reported as
0.16-2.21%, while delayed (non-immediate) type HR
(NIHR) has a general prevalence of 0.03-1.95% [4].

Adverse reactions can occur with any type of CM
and can lead to fatal outcomes [4]. Three distinct
categories of adverse reactions should be distinguished:
HRs, toxic reactions, and events unrelated to CM
exposure [5]. HRs can be classified into IHR and NIHR
based on the time of reaction onset. In IHRs, symptoms
typically begin within 1 hour immediately after drug
administration [6]. Clinical manifestations can range
from mild skin symptoms, such as urticaria, to severe
reactions like anaphylactic shock, which can be fatal
[7]. NIHRs, on the other hand, start more than 1 hour
after the administration of the causative agent and are
most commonly characterized by maculopapular
exanthema [6].

The pathophysiology of HR with CM is not yet
fully understood. Histamine or tryptase release has
been demonstrated in many cases. This only indicates
a mast cell and/or basophil activation mechanism but
does not necessarily imply an immunoglobulin E-
mediated allergic reaction [8]. It is emphasized that an
allergic mechanism is demonstrated in only a minority
of patients with IHR, but it appears more likely in
patients with severe anaphylaxis [9]. In NIHRs,
however, there is strong evidence that T-cell-mediated
mechanisms play a role [6, 10, 11].

Various risk factors associated with CM-HRs have
been reported. These include both patient-related
factors, such as age, gender, atopy, and co-existing
atopic or non-atopic diseases, and drug-related factors,
such as dose, group, or administration route [4, 12,
13]. Skin tests and changing the risky CM for re-
exposure are important in the evaluation of THRs to
non-ICMs. Recently, skin testing has been
increasingly recommended, especially in severe IHRs
[14]. Although less data are available for GBCMs, skin
testing is similarly recommended, particularly in
severe reactions [8]. However, the role of skin tests in
diagnosis is limited due to low sensitivity in mild to
moderate reactions with CMs [13].

With the increasing use of CM, the identification

and management of adverse reactions, which may lead
to serious outcomes, as well as the recognition of high-
risk patients, have become critically important.
Although clinical approaches may vary among
institutions, it is essential to minimize the risk of CM-
HR and to avoid unnecessary tests and interventions.
In this study, in order to estimate the risk of CM-HR
and contribute to optimizing the approach to high-risk
patients, the general characteristics, comorbidities, risk
factors, association with atopic diseases, and skin test
results of patients with confirmed or suspected CM-
HR were evaluated.

METHODS
Study Design

This retrospective study, involving human
subjects, was conducted at the Adult Immunology and
Allergy Clinic. It was carried out in accordance with
the principles of the Declaration of Helsinki and
approved by the local ethics committee of Necmettin
Erbakan University Faculty of Medicine Hospital
(decision no. 2023/4679). A total of 52 patients aged
18 years or older, who were either diagnosed with
CM-HR or referred to the allergy and immunology
clinic due to a history of other drug allergies before
CM administration, and who underwent CM skin
testing and evaluation by an allergy and immunology
specialist, were included in the study. Patients who did
not accept skin tests with CM and those for whom skin
tests could not be performed due to dermographism
were excluded from the study. A total of 52 patients
were divided into two groups: those with and without
CM-HR. The demographic characteristics,
comorbidities, beta-blocker use, presence of atopic
disease, characteristics of the CM causing the allergy,
type and severity of the reaction, applied treatments
and interventions, and skin tests of the 42 patients in
the CM-HR group were evaluated. These were
compared with patients without CM-HR. Additionally,
the CM-HR patient group was further divided into two
groups based on the presence of atopic disease for a
comparative evaluation (Figure 1).

Data Collection

Patient data were retrieved from the hospital’s
electronic medical record and archive system, as well
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Patients with known or suspected contrast
medium hypersensitivity reaction (CMHR)
were screened (2013 - 2023)

- Patients who refused the skin test (n=5)
- Patients with active skin disease or
dermographism were excluded (n=6)

(n=65)

CMHR (+)
(n=42)

CMHR (-)
With other drug allergy
(n=10)

Accompanying atopic disease (+)
(n=14)

Accompanying atopic disease (-)

(n=28)

FIGURE 1. Flow chart of the patients included in the study.

as from the outpatient clinic forms specifically
designed for drug allergy evaluations in the allergy
clinic. Demographic data, comorbidities,
characteristics of clinical findings, the CM where HR
developed, the type and severity of HR, post-reaction
treatment and interventions, and the results of skin
tests performed with CM were obtained. This
information was recorded in data forms designed for
the study.

Protocols
1.Reaction Type

Reactions observed within the first hour after CM
administration were classified as IHR type, while
reactions occurring from one hour up to several days
were considered NIHR type [15].

The Ring and Messmer scale was utilized to assess the
severity of IHR type reactions [16]:

*Grade 1 reaction: Generalized cutaneous and/or

mucocutaneous symptoms.

*Grade 2 reaction: Mild systemic reactions.

*Grade 3 reaction: Severe, life-threatening systemic
involvement, including conditions like bronchospasm,
laryngeal edema, and cardiovascular collapse.

*Grade 4 reaction: Cardiac and/or respiratory arrest.
NIHRs were evaluated according to the scales
recommended by the European Academy of Allergy
and Clinical Immunology (EAACI) interest group on
drug hypersensitivity and the European Network of
Drug Allergy (ENDA) [5, 17]:

*Mild reaction: Requiring no treatment

*Moderate reaction: Easily responsive to
appropriate treatment and not requiring hospitalization

*Severe reaction: Requiring hospitalization or life-
threatening conditions.

2. Skin Tests

Skin tests were performed 8-16 weeks after the
patient's last reaction to CM or a different drug. Skin
prick testing (SPT) was performed by an allergy and
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immunology specialist on the volar forearm using
non-ionic CM (iohexol, iopromide, iodixanol) or
GBCM (gadoteric acid, gadobutrol, gadoxetate
disodium). Simultaneously, negative (0.9% of
physiologic saline solution) and positive (histamine
intracutaneous, 1 mg/ml) controls were also applied.
After 20 minutes, a wheal with an average diameter
greater than 3 mm compared to the negative control
was considered positive. Subsequently, an intradermal
skin test (IDT) was performed with a tenfold diluted
CM. 0.02-0.05 ml of sterile allergen solution was
intradermally injected to create a bleb with a diameter
of 3 mm. The borders of the bleb area formed by the
injection were immediately outlined, and its diameter
was measured and recorded. An increase in bleb
diameter of 3 mm or more after 20 minutes was
considered positive [17]. For patients with a severe
history of previous reactions, an IDT was performed
with CM diluted at ratios of 1:1000, 1:100, and 1:10.
For those with NIHR, a delayed IDT protocol was
applied, with readings taken at 24, 48, and 72 hours
[18]. The results of the tests were interpreted and
evaluated by the same allergy and immunology
specialist who performed the procedures.

Statistical Analysis

Statistical analyses of the study were performed
using SPSS (Statistical Package for the Social
Sciences) version 23.0. Descriptive statistics included
mean = standard deviation for continuous variables,
and frequencies and percentages for categorical
variables. The normality of data distribution was
assessed using the Kolmogorov-Smirnov test. The
Chi-square (y?) test was applied to examine the
relationship between categorical variables. A P-value
of < 0.05 was considered statistically significant.

RESULTS
Descriptive Statistics

Fifty-two patients who underwent skin tests with
CM were included in the study. Ten patients were
referred by a radiologist due to not experiencing CM-
HR but having other drug allergies. CM-HR was
present in 42 (80.76%) patients. The mean age of the
CM-HR patient group was 50.3 years, and 57.1% were
female. One or more comorbidities were present in

TABLE 1. General Characteristics of Patients
with Contrast Media Hypersensitivity,
Reactions, and Contrast Agents

Age (year), (MeanSD) 50.3£15.2
Gender, n (%)
Female 24 (57.1)
Male 18 (42.9)
Comorbidity, n (%)
None 7 (16.7)
One comorbidity 9(21.4)
More than one comorbidity 26 (61.9)
Comorbidity type, n (%)
Cardiovascular 25 (59.5)
Respiratory 17 (40.5)
Diabetes mellitus 9(21.4)
Hashimoto thyroiditis 4(9.5)
Malignancy 5(11.9)
Psychiatry 7 (16.7)
Other 6(14.3)
Beta-blocker use, n (%) 8 (19)
Atopic disease, n (%)
Asthma 6 (14.3)
Allergic rhinitis 5(11.9)
Urticaria 2 (4.8)
Atopic dermatitis 2 (4.8)
History of other drug allergies, n (%) 10 (23.8)
Reaction site, n (%)
Skin 32 (76.2)
Respiratory 18 (42.9)
Cardiovascular 6 (14.3)
Gastrointestinal 2 (4.8)
Neurological 2 (4.8)
Reaction type, n (%)
Immediate 36 (85.7)
Non-immediate 6 (14.3)
Immediate reaction severity, n (%)
Grade 1 14 (33.3)
Grade 2 10 (23.8)
Grade 3 8 (19.0)
Grade 4 4(9.5)
Non-immediate reaction severity n (%)
Mild 2 (4,8)
Moderate 4(9.5)
Severe 0(0)
Development of anaphylaxis, n (%) 12 (28.6)
Adrenaline administration, n (%) 11 (26.2)

Allergic contrast agent type, n (%)
Gadolinium-based contrast agent

Gadobutrol 8 (19)
Non-iyonik contrast agent
Iohexol 20 (47.6)
Iopromid 14 (33.3)
Diagnostic skin tests, n (%) 2 (4.8)
Iohexol 2 (4.8)
Alternative skin tests, n (%) 40 (95.23)
Iohexol 16 (38)
Iopromide 4(9.5)
Iodixanol 2 (4.8)
Gadoteric acit 10 (28.8)
Gadosectate disodium 4 (9.5)
Gadobutyrol 4(9.5)

SD, standard deviation.
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83.3% (n=35) of these patients. Cardiovascular
comorbidities were the most common (59.5%),
followed by respiratory system diseases. A history of
atopic disease was present in 33.3% of patients. [HR
occurred in 85.7% (n=36) of patients, with the
majority being grade 1 and 2 reactions. The skin was
the most commonly affected area (76.2%).
Anaphylaxis developed in 12 (28.6%) patients. HR
developed with GBCA (Gadobutrol) in 8 (19%)
patients and with non-ionic CM (iohexol ve iopromid)
in 34 (80.9%) patients. Due to subjective complaints,
descriptive skin tests were performed with the CM that
caused a reaction in 2 patients. Skin tests with
alternative CM were performed in 40 (95.23%)
patients. All skin tests in the CM-HR group were found
to be negative (Table 1). In the group without CM-HR,
skin tests were performed with CM determined by the
radiologist and were found to be negative.

Comparison of Patients with and Without
Contrast Media Allergy

The demographic characteristics and
comorbidities of patients with CM-HR (n=42) and
without (n=10) were compared. No difference was
observed between the two groups in terms of gender.

The CM-HR group was found to be older, and this
difference was statistically significant (P<0.01). In this
group, the presence of comorbidity and cardiovascular
comorbidity was significantly higher (P=0.03 and
P<0.01, respectively) (Table 2).

Comparison of Patients with and without Contrast
Media Allergy Based on the Presence of Atopy

Patients with CM-HR were divided into two
groups based on the presence (n=14) or absence
(n=28) of atopic disease. The demographic
characteristics, comorbidities, reaction features,
severity, and properties of the contrast media in the
two groups were compared. No difference was
observed between the two groups in terms of age and
gender. Respiratory system comorbidity and
Hashimoto's thyroiditis were significantly more
prevalent in the group with accompanying atopic
disease (P<0.01 and P<0.01, respectively). In the
group without atopic disease, malignancy and
psychiatric disorders were more frequent, but this
difference was not statistically significant. No
significant difference was observed in terms of
reaction type, anaphylaxis development, and CM type
(Table 3).

TABLE 2. Comparison of Patients with and Without Contrast Medium Hypersensitivity

Those with hypersensitivity Those without contrast medium

reactions to contrast media hypersensitivity
(n=42) (n=10) P-value
Age (years), (mean+SD) 50.3+15.2 29.545.1 <0.01
Gender, n (%) 0.28
Female 24 (57.1) 8 (80)
Male 18 (42.9) 2 (20)
Comorbidity, n (%) 35(83.3) 5(50) 0.03
Comorbidity type, n (%)
Cardiovascular 25 (59.5) 1(10) <0.01
Respiratory 17 (40.5) 2 (20) 0.29
Diabetes mellitus 9(21.4) 0(0) 0.17
Hashimoto thyroiditis 4(9.5) 1(10) 1
Malignancy 5(11.9) 0(0,0) 0.56
Psychiatry 7 (16.7) 0 (0) 0.32
Other 6 (14.3) 0 (0) 0.58
Beta-blocker use, n (%) 8 (19) 0(0) 0.32

SD, standard deviation. Statistically significant P-values are shown in bold.
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TABLE 3. Comparison of Patients with Contrast Medium Hypersensitivity According to the

Presence of Atopic Disease

Atopic disease group Group without atopic disease

(n=14) (n=28) P-value

Age (years), (mean=SD) 44.2+13.7 53.3+15.2 0.06

Gender, n (%) 0.18
Female 10 (71.4) 14 (50)

Male 4 (28.6) 14 (50)

Comorbidity, n (%) 14 (100) 21 (75) 0.07
Cardiovascular 7 (50) 18 (64.3) 0.37
Respiratory 10 (71.4) 7 (25) <0.01
Diabetes mellitus 3(21.4) 6(21.4) 1
Hashimoto thyroiditis 4 (28.6) 0(0.0) <0.01
Malignancy 0(0) 5(17.9) 0.15
Psychiatry 2(14.3) 5(17.9) 1
Other 4 (28.6) 2(7.1) 0.15

Beta-blocker use, n (%) 2(14.3) 6(21.4) 0.69

Reaction site, n (%)

Skin 10 (71,4) 22 (78.6) 0.70
Respiratory 6 (42.9) 12 (42.9) 1

Cardiovascular 0(0) 6(21.4) 0.08
Gastrointestinal 0(0) 2(7.1) 0.54
Neurological 0(0) 2(7.1) 0.54

Reaction type, n (%) 1.00
Immediate 12 (85.7) 24 (85.7)

Non-immediate 2(14.3) 4(14.3)

Reaction severity, n (%) 0.65
Mild to moderate 8(57.1) 18 (64.3)

Moderate to severe 6 (42.9) 10 (35.7)
Patients who developed anaphylaxis, n (%) 5(35.7) 7 (25) 1

Type of allergic contrast agent, n (%)

Gadolinium-based contrast agent 2(14.3) 6(21.4) 0.69
Non-ionic contrast agent 12 (85.7) 22 (78.6)

SD, standard deviation. Statistically significant P-values are shown in bold.

DISCUSSION

In this study, 52 patients who underwent skin tests
with CM were evaluated. Of these, 42 patients had a
history of CM-HR, while 10 patients had a history of
HR to other drugs (antibiotics, NSAIDs, and vitamin
preparations) but no history of CM-HR. The majority
of the CM-HR group had one or more comorbidities,
with cardiovascular comorbidity being the most
common. Atopic disease was detected in

approximately one-third of the patients. The most
frequent reactions were IHR, predominantly Grade 1
and 2, and the skin was the most commonly affected
organ. Anaphylaxis developed in 28.6% of the
patients. The CM-HR group was found to be older,
with a higher prevalence of comorbidities, especially
cardiovascular diseases, and this difference was
statistically significant. When the CM-HR group was
compared based on the presence of atopic disease,
respiratory system diseases, and Hashimoto's
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thyroiditis were significantly more common in the
group with concomitant atopic disease. However,
although no significant difference was observed in the
group without atopic disease, malignancy and
psychiatric disorders were found to be more prevalent.
No difference was observed between the groups in
terms of reaction type, anaphylaxis development, and
CM type. Most patients underwent skin tests with
alternative CM, and all results were negative.

In both IHR and NIHR, the most recognized and
prevalent risk factor for CM is a history of prior CM-
HR. The risk of IHR in these patients during repeated
CM administrations ranges from 21% to 60% [4, 19,
20]. Additionally, previous studies have identified a
history of other drug allergies, being aged 20-29 or
over 55, and the presence of atopy or atopic diseases
as other risk factors increasing the likelihood of CM-
HR [4, 12, 13, 21-25]. In our study, the group with
CM-HR did not have a history of recurrence, as it was
their first reaction. However, 23.8% of patients in this
group had a history of HR with other drugs.
Conversely, all patients in the group without CM-HR
were referred due to a history of HR with other drugs.
Similar to previous studies, a high incidence of other
drug allergies was observed in both groups. Studies
regarding the gender factor, however, present
conflicting findings. Some studies reported no
significant difference between genders in CM-HR
cases [22, 23, 26]. Subsequent studies, however,
indicated that female gender is a significant risk factor
[13, 25]. Although this topic remains controversial,
our study did not reveal any gender differences.
Nevertheless, our CM-HR patient group was
significantly older. This finding supports studies
suggesting that advanced age, rather than young age,
poses a higher risk. Although the literature on this
topic is conflicting, no gender difference was observed
in our study [4].

Although the underlying mechanisms of CM-HR
are not yet fully understood, immunoglobulin E (IgE)
is thought to play a partial role in some subgroups.
This may explain why atopic diseases and asthma are
considered among the potential risk factors for CM-
HR [27, 28]. However, CM-HRs cannot be explained
solely by IgE-mediated pathways. Reactions may
occur via immunological (including allergic reactions)
or non-immunological mechanisms [29].
Hypersensitivity reactions occurring upon first

exposure may be associated with direct membrane-
mediated activation of mast cells and basophils,
leading to histamine release [30]. This suggests that
non—IgE-mediated reactions may also occur [29]. In
our study, approximately one-third of the patients with
CM-HR had atopic diseases, primarily allergic asthma,
supporting the potential contribution of both
immunological and non-immunological mechanisms.
Although this finding strengthens the possibility that
IgE-mediated sensitization may increase risk, it also
highlights the relevance of non-immunological
pathways. Moreover, a previous study demonstrated
that asthma significantly increases the risk of CM-HR
and is an independent risk factor [31]. Another study
reported that asthma, food allergy, and non-allergic
drug hypersensitivity were significantly more
common among patients with GBCM reactions
compared with controls [32]. Conversely, some studies
have not demonstrated a statistically significant
correlation between atopy and CM-HR, and therefore
did not support its inclusion as a risk factor [33]. These
conflicting findings indicate that the role of atopy may
vary depending on the studied population. Although
the prevalence of asthma and atopic disease was high
in our cohort, the presence of atopy was not found to
be independently associated with contrast media
hypersensitivity (P=0.996). Because patients who
already experienced reactions (n=42) were
retrospectively evaluated and the sample size was
limited without a control group, the statistical power
was insufficient to draw strong conclusions. Larger,
well-designed prospective studies are needed to better
determine independent risk factors.

Asthma and other drug allergies are among the
most well-known risk factors, and our study observed
similar results [31]. However, in our CM-HR patient
group, comorbidities, especially cardiovascular ones,
were significantly more prevalent. Beta-blocker use
did not differ. Previous studies have also shown that
beta-blockers do not directly pose a risk, and the
presence of cardiovascular disease may be associated
with a more severe reaction [25, 34]. In the CM-HR
group with coexisting atopic disease, respiratory
system comorbidity and Hashimoto's thyroiditis were
found to be significantly higher. Both allergy and
autoimmunity stem from inappropriate immune
system responses. The significant finding of an
autoimmune disease like Hashimoto's thyroiditis in
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patients experiencing CM-HR in our study may
indicate a general dysregulation of the immune system
[35]. Impaired immune tolerance in patients with an
autoimmune background may increase the tendency
to develop an abnormal or exaggerated response to
potentially immunogenic agents like CMs [36, 37].
Furthermore, evidence suggesting that excessive
iodine intake may play a role in the pathogenesis of
autoimmune thyroid diseases also offers an important
perspective on how CM exposure might modulate the
immune response in this patient group [38]. In light of
these data, our study is considered to provide valuable
insights into the risk of CM-HR in patients with
autoimmune disease.

In the group with CM-HR not accompanied by
atopic disease, malignancy, and psychiatric disorders
were observed to be more prevalent. A previous study
identified the presence of psychiatric disorders as a
significant risk factor [13]. An older study also
indicated anxiety as a risk factor for CM-HR [39].
Although our study did not find a significant
difference, future studies with larger patient numbers
may shed more light on this issue.

CM-related immediate hypersensitivity reactions
constitute approximately 70% of all reactions [5].
Non-immediate hypersensitivity reactions, however,
are relatively difficult to identify because they can
occur several days after injection and may be confused
with symptoms caused by other factors. One study
reported a prevalence of NIHRs as 12.4%, with a
higher proportion of moderate reactions [40, 41]. In
our study, IHRs were significantly higher, (%85.7)
with the majority being Grade 1 and 2 reactions, which
is consistent with the existing literature. NIHRs
accounted for 14.3%, and as supported by previous
studies, moderate reactions were more common. All
anaphylactic reactions developed during IHRs. In
most studies, the skin has been reported as the most
frequently affected organ in both IHRs and NIHRs [5,
13, 42]. Our study also found the skin to be the most
affected organ, consistent with previous research
(%76.2).

In CM-HRs, skin testing is not recommended as a
screening tool for the condition. Positive reactions to
SPTs are rare, but sensitivities up to 25% have been
reported for IDTs [43]. Similarly, another study found
no SPT positivity in patients with IHRs, but the
sensitivity of early readings of IDTs was 20%. [13]

The low sensitivity of skin testing was attributed to
the patients having Grade 1 and 2 IHRs. In a study
involving 1048 patients, only two patients showed a
positive response in hypersensitivity screening
performed before CM administration [44]. Another
study reported negative skin tests in high-risk patients
and those with mild reactions [41]. In our study, skin
tests were negative in all IHRs, supporting the
literature. Although the tests were performed with an
alternative CM different from the previous reaction,
the majority consisted of Grade 1-2 severity reactions.
However, skin tests were also performed in the non-
CM-HR group before the first CM exposure and were
found to be negative, similar to the literature. The low
rates of positive skin tests in mild reactions also
support the negative results in our patient group,
which predominantly consisted of mild reactions. In
NIHRs, diagnosis is usually made with patch tests and
late readings of IDTs. One study reported 10% (1
patient) positivity in skin tests performed on 10 NIHR
patients [13]. In our study, delayed reactions occurred
in 6 patients, and skin tests (SPT+IDT early and late
reading) were negative. Although the number of NIHR
patients was small, as in previous studies, the findings
supported the low positivity rates in the literature. The
specificity of skin testing for CMs is high, but its role
in diagnosis is limited due to its low sensitivity [13].
In this situation, skin tests for CM-HRs appear
ineffective, unnecessary, and time-consuming in
patients with risk factors or a history of mild reactions
to CMs. In patients who have previously experienced
NIHR or IHR, especially moderate to severe IHR, and
require re-administration of CMs, skin tests should be
performed to identify alternative agents for future
procedures. For mild reactions, changing the CM
along with premedication is usually sufficient [19].
However, its value as a pre-screening tool remains
questionable. The best approach for a patient with
CM-HR is to avoid the responsible agent and seek
alternatives. However, physicians should be aware of
immediate reactions in all cases.

Strengths and Limitations

This study had several limitations. Firstly, it was
retrospective, requiring reliance on patient
statements. Secondly, our patient number was small,
and there was no healthy control group. However, a
significant advantage was that negative skin tests
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with CM in patients presenting with other drug
allergies supported the notion that skin tests are
unnecessary if there is no history of CM-HR, even if
risk factors are present.

CONCLUSION

The increasing use of contrast media in modern
medicine also increases the incidence of
hypersensitivity reactions, which, although rare, can
be fatal. Therefore, identifying patients at high risk for
CM-HRs, recognizing and managing both immediate
and non-immediate HRs, avoiding unnecessary tests,
and ensuring training and experience in anaphylaxis
are essential for all medical specialties. There is a need
for prospective and more comprehensive studies on
this topic, and we believe our study will contribute to
identifying risk factors in CM-HRs and inform the
approach to skin tests.
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ABSTRACT

Objectives: Syncope is a common cause of emergency department admissions and poses challenges in patient
management due to its broad etiology and risk of short-term adverse events. This study aimed to comparatively
evaluate the ability of the San Francisco Syncope Rule, Canadian Syncope Risk Score and Anatolian Syncope
Rule to predict short-term (1-week and 1-month) adverse events in patients presenting to the emergency
department with syncope.

Methods: This multicenter, prospective, observational study included 108 patients who presented to the
emergency departments of two tertiary-level hospitals with syncope. Patients aged <18 years, pregnant women,
those with non-syncopal causes of transient loss of consciousness, and those requiring hospitalization at
presentation were excluded. Patients were contacted by phone on the 7th and 30th days after discharge to assess
adverse events, including death, life-threatening arrhythmias, myocardial infarction, aortic dissection,
pulmonary embolism, major bleeding, and subarachnoid hemorrhage.

Results: The mean age was 45.9+18.9 years, and 57.4% were female. The most common comorbidity was
hypertension (34.3%), and vasovagal syncope (47.2%) was the leading etiology. Within 1 week, 8 (7.4%)
patients experienced adverse events; none occurred at 1 month. Median scores were 0 for the San Francisco
Syncope Rule, 1 for the Anatolian Syncope Rule, and 0 for the Canadian Syncope Risk Score; among those
with events: 0.5, 2, 3, respectively.

Conclusions: The San Francisco Syncope Rule showed limited early discrimination, the Canadian Syncope
Risk Score identified high-risk patients, and the Anatolian Syncope Rule better stratified low—moderate risk
groups. Risk scores should complement, not replace, clinical judgment.
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sciousness accompanied by loss of postural tone,

which develops as a result of decreased cerebral
perfusion and resolves completely within a short pe-
riod of time. Syncope, which occurs at least once in a
lifetime in approximately one-third of the population
(18-47%), accounts for 0.6-3% of all emergency de-
partment (ED) visits [1, 2]. Developing secondary to
a wide range of underlying pathologies, syncope rep-
resents a clinical spectrum rather than a single diag-
nosis. Although it is often due to benign causes,
cardiac syncope carries a significant risk of morbidity
and mortality; in this group, one-year mortality can
reach 20-30%, which is approximately twice as high
as mortality due to other causes [3]. Nevertheless, non-
cardiac syncope may also lead to major complications
such as falls, fractures, and head trauma, particularly
in elderly individuals [4].

The differential diagnosis of syncope in the ED is
challenging because of its broad etiological spectrum
and the fact that most patients are asymptomatic at the
time of presentation [5]. The etiology cannot be deter-
mined in approximately half of the patients presenting
with syncope [2]. These diagnostic difficulties have
led clinicians to develop risk stratification tools that
can assist in patient management and help predict
high-risk groups. For this purpose, several risk scoring
systems have been proposed, including the San Fran-
cisco Syncope Rule (SFSR), the Osservatorio Epi-
demiologico sulla Sincope nel Lazio (OESIL), the
Risk Stratification of Syncope in the ED (ROSE), the
Canadian Syncope Risk Score (CSRS), and the Ana-
tolian Syncope Rule (ASR). However, each of these
scoring systems has its own advantages and disadvan-
tages; some are based on complex parameters or have
limited applicability in clinical practice [3].

This study aimed to compare the predictive ability
of the SFSR, ASR, and CSRS in estimating adverse
events that may occur within the first week and first
month in patients presenting to the ED with syncope.
In this way, we aimed to help emergency physicians
identify which patients can be safely discharged and
which require close follow-up or further evaluation.

Syncope is defined as a transient loss of con-

METHODS

This study was a multicenter, prospective, cohort

study conducted in the EDs of two tertiary-level hos-
pitals between April 1, 2023, and March 31, 2024.
Ethical approval was obtained from the Hitit Univer-
sity Non-Interventional Clinical Research Ethics
Committee (Date: March 29, 2023; Decision No:
2023-03).

A total of 108 patients aged over 18 years, who
presented to the ED with syncope, were included in
the study. Patients younger than 18 years, pregnant
women, those who refused or were unable to provide
consent for participation, individuals with transient
loss of consciousness due to non-syncopal causes
(such as seizure, hypoglycemia, head trauma, etc.), pa-
tients who were still unconscious at the time of ED ad-
mission (due to shock, coma, alcohol/substance/drug
use, etc.), those who could not be followed up, and pa-
tients with diagnoses requiring hospitalization at the
time of presentation -- such as acute coronary syn-
drome, pulmonary thromboembolism, and hemor-
rhagic or ischemic cerebrovascular events -- were
excluded from the study.

Each patient who agreed to participate in the study
was evaluated by the attending physician, who com-
pleted a standardized data collection form. The inves-
tigators did not intervene in the management of the
patients. Patients who were discharged from the ED
were contacted by telephone at 1 week and at the end
of the first month after discharge to determine whether
any adverse events had occurred. These adverse events
included death (exitus), life-threatening arrhythmias,
myocardial infarction, aortic dissection, pulmonary
thromboembolism, severe pulmonary hypertension,
major bleeding, subarachnoid hemorrhage, and syn-
cope requiring interventional treatment [6-8].

The SFSR consists of five parameters: a history of
congestive heart failure (C), hematocrit <30% (H), ab-
normal electrocardiogram (ECG) findings (E), short-
ness of breath (S), and systolic blood pressure <90
mmHg (S). Each parameter is assigned one point, and
the presence of any one of these factors classifies the
patient as high risk. These criteria are easily remem-
bered by the acronym “CHESS”.

The ASR consists of six parameters: dyspnea, or-
thostatic hypotension, predisposing factors for syncope,
age >58 years, history of heart failure, and abnormal
ECG findings. Each of the first five parameters is as-
signed one point, while abnormal ECG findings are as-
signed two points. A total score of 0—1 indicates low
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risk, whereas a score of >2 indicates high risk.

The CSRS consists of ten parameters: the presence
of vasovagal symptoms is assigned —1 point; history
of heart disease, abnormal QRS axis, and QRS dura-
tion >130 ms are assigned 1 point each; systolic blood
pressure <90 mmHg or >180 mmHg, elevated tro-
ponin, QTc >480 ms, and a presumptive diagnosis of
cardiac syncope are each assigned 2 points; a pre-
sumptive diagnosis of vasovagal syncope is assigned
—2 points, and other types of syncope are assigned 0
points. A total score of —3 to —2 indicates very low
risk, —1 to 0 indicates low risk, 1 to 3 indicates
medium risk, 4 to 5 indicates high risk, and >6 indi-
cates very high risk.

The SFSR, ASR, and CSRS scores were calcu-
lated by the investigators based on the information
recorded in the data collection forms.

Sample Size Calculation

Based on the sensitivity and specificity values re-
ported in the reference study (Kessler C, Tristano JM,
De Lorenzo R. The emergency department approach
to syncope: evidence-based guidelines and prediction
rules. Emerg Med Clin North Am. 2010;28(3):487-

131 patients

108 patients were
included in the study.

500), the required sample size was calculated by a bio-
statistician with a confidence level of 95% (1-a) and a
test power of 95% (1-f). The analysis indicated that at
least 90 patients were required to achieve adequate sta-
tistical power. Considering a potential data loss of 10—
20%, a total of 108 patients were included in the study.

Statistical Analysis

Data analysis was performed using the SPSS 23.0
software package (IBM Corp., Armonk, NY, USA).
For continuous variables, mean+standard deviation
(SD) and median (minimum-maximum) values were
reported; for categorical variables, numbers and per-
centages (%) were presented. The distribution charac-
teristics of continuous variables were evaluated for
normality using both visual methods (histograms, Q—
Q plots) and analytical tests (Kolmogorov—Smirnov
and Shapiro—Wilk tests). Inferential statistical analy-
ses, including sensitivity, specificity, predictive values,
and ROC curve estimations, were not performed be-
cause the number of adverse events (n=8) was too
small to yield statistically meaningful or reliable re-
sults. Conducting such analyses with a very limited
event count could produce unstable and potentially

23 patients were
excluded.

— T

Missing data

(n=6)

Hospital admission
from ED (n=17)

ACS (n=7)
CVD (n=5)
Sepsis (n=2)
AD (n=1)
PTE (n=1)
Cholangitis (n=1)

FIGURE 1. Study flow diagram showing patient inclusion and exclusion. ED, emergency department; ACS, acute coronary
syndrome; CVD, cerebrovascular disease; AD, aortic dissection; PTE, pulmonary thromboembolism.
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misleading estimates. Therefore, only descriptive sta-
tistics were used to present the distributions and trends
of the three risk scores. A P-value <0.05 was consid-
ered statistically significant.

RESULTS

Between April and December 2023, a total of 131 pa-
tients who presented to the ED with syncope were as-
sessed for eligibility, and 108 patients who met the
inclusion criteria were enrolled in the study. Seventeen
patients were excluded because they required hospi-

talization due to their diagnoses, and six patients were
excluded due to missing data (Figure 1).

The mean age of the 108 included patients was
45.9+18.9 years (range: 18-88 years), and 57.4%
(n=62) were female. When the distribution of comor-
bidities was examined, hypertension (HT) was the
most common condition, present in 34.3% (n=37) of
patients. This was followed by arrhythmias in 21.3%
(n=23), diabetes mellitus (DM) in 18.5% (n=20), coro-
nary artery disease in 17.6% (n=19), heart failure in
8.3% (n=9), neurological diseases in 4.6% (n=5), and
valvular heart disease in 2.8% (n=3). In addition,
29.6% (n=32) of patients had other comorbidities.

TABLE 1. Baseline Clinical and Demographic Characteristics

Gender, n (%)
Female
Male

Comorbidities, n (%)
Hypertension
Diabetes mellitus
Coronary artery disease
Heart failure
Arrhythmia
Valvular heart disease
Neurological disorders
Other

Symptoms, n (%)
Dizziness
Nausea
Palpitation
Dyspnea
Vomiting
Chest pain
Other

Vital signs
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Heart rate (bpm)
Saturation (%)
Temperature (°C)

62 (57.4%)
46 (42.6%)

Present Absent
37 (34.3%) 71 (65.7%)
20 (18.5%) 88 (81.5%)
19 (17.6%) 89 (82.4%)

9 (8.3%) 99 (91.7%)
23 (21.3%) 85 (78.7%)

3 (2.8%) 105 (97.2%)

5 (4.6%) 103 (95.4%)
32 (29.6%) 76 (70.4%)

Present Absent
31 (28.7%) 77 (71.3%)

27 (25%) 81 (75%)
27 (25%) 81 (75%)

14 (13%) 94 (87%)
11 (10.2%) 97 (89.8%)

7 (6.5%) 101 (93.5%)
10 (9.3%) 98 (90.7%)
Mean+SD Min-Max
123.7£21.2 65-187
75.5+11.5 46-105
86.1+21.7 48-148

96.0+3.8 80-100

36.6 £0.5 35.9-38.1

Min, minimum; Max, maximum; SD, standard deviation.
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TABLE 2. Distribution of Patients by Risk Scores with Median (Min—Max) Values

Score Point Patient count (n) Percentage (%) Median Min-Max
SFSR 0 79 73.1 0 0-3
1 24 22.2
2 4 3.7
3 1 0.9
ASR 0 16 14.8 1 0-5
1 39 36.1
2 22 20.4
3 13 12
4 14 13
5 4 3.7
CSRS -3 18 16.7 0 (-3)-4)
2 15 13.9
-1 15 13.9
0 26 24.1
1 11 10.2
2 8 7.4
3 12 11.1
4 3 2.8

ASR, Anatolian syncope rule; CSRS, Canadian syncope risk score; SFSR, San Francisco syncope rule; Min, minimum; Max,

maximum.

When the presenting symptoms were examined,
the most common symptom was dizziness, observed
in 31 (28.7%) patients. Nausea was present in 27
(25%) patients, palpitations in 27 (25%) patients, dys-
pnea in 14 (13%) patients, vomiting in 11 (10.2%) pa-
tients, and chest pain in 7 (6.5%) patients.
Additionally, 10 (9.3%) patients had various other
symptoms categorized under the heading “others.”

In the evaluation of vital signs, the mean systolic
blood pressure was 123.7+21.2 mmHg (range: 65—-187
mmHg), and the mean diastolic blood pressure was

75.5£11.5 mmHg (range: 46—105 mmHg). The mean
pulse rate was 86.1+£21.7 beats per minute (range: 48—
148), the oxygen saturation was 96.0+3.8% (range:
80—100), and the body temperature was 36.6+0.5°C
(range: 35.9-38.1). The demographic and clinical
characteristics of the patients are presented in Table 1.

When the distribution of predisposing factors for
vasovagal syncope was examined, emotional distress
was the most frequently observed factor (25%, n=27),
followed by being in a crowded environment (17.6%,
n=19), prolonged standing (16.7%, n=18), pain (8.3%,

TABLE 3. Distribution of Adverse Events at 1-Week and 1-Month Follow-Up

Adverse events 1-week 1-month
Absent Present Diagnosis Absent Present
100 (92.6%) 8 (7.4%) 108 (100%) 0 (0%)
5 (4.6%) Arrhythmia
3 (2.8%) ACS

ACS, acute coronary syndrome.
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TABLE 4. Demographic and Clinical
Characteristics of Patients with Adverse Events

Gender, n (%)
Male 5 (62.5%)
Female 3 (37.5%)
Comorbidities, n (%) Present Absent
Arrhythmia 4 (50%) 4 (50%)
Hypertension 3(37.5%) 5(62.5%)
Coronary artery disease 3 (37.5%) 5 (62.5%)
Diabetes mellitus 2 (25%) 6 (75%)
Heart failure 1(12.5%) 7 (87.5%)
Valvular heart disease 1(12.5%) 7 (87.5%)
Symptoms, n (%) Present Absent
Palpitation 4 (50%) 4 (50%)
Chest pain 3(37.5%) 5(62.5%)
Dyspnea 2 (25%) 6 (75%)
Other 1(12.5%) 7 (87.5%)
ECG findings, n (%)
Pathological findings 7(87.5%) 1(12.5%)
Atrial fibrillation 3 (37.5%)
T wave inversion 1(12.5%)
Other 3 (37.5%)

ECQG, electrocardiogram.

n=9), fear (8.3%, n=9), fever (7.4%, n=8), and dehy-
dration (4.6%, n=5). Other factors categorized under
the heading “others” were present in 9.3% (n=10) of
the patients.

When the etiological distribution of syncope was
evaluated, vasovagal syncope was the most common
type (47.2%, n=51), followed by cases in which the
etiology could not be determined (32.4%, n=35). Less
frequent causes included orthostatic hypotension
(8.3%, n=9), arrhythmia (6.5%, n=7), and psychogenic
causes (3.7%, n=4). Carotid sinus hypersensitivity
(0.9%, n=1) and pregnancy (0.9%, n=1) were also
among the observed causes.

When the ECG findings were evaluated, no abnor-
malities were detected in 62% (n=67) of the cases.
Among the detected pathologies, atrial fibrillation was
the most common (5.6%, n=6), followed by T-wave
inversion (4.6%, n=5), right bundle branch block
(3.7%, n=4), left bundle branch block (2.8%, n=3), ST-
segment depression (2.8%, n=3), atrioventricular

block (0.9%, n=1), and benign early repolarization
(0.9%, n=1). Less common ECG abnormalities ob-
served in 16.7% (n=18) of the patients were grouped
under the heading “others.”

In terms of ECG axis distribution, a normal axis
was observed in the majority of patients (77.8%,
n=84), while left axis deviation was found in 14.8%
(n=16), right axis deviation in 6.5% (n=7), and marked
axis deviation in only one patient (0.9%).

When the distributions of the risk scores used in
the study were examined, the SFSR score ranged from
0 to 3, with a median value of 0. The low median value
and right-skewed distribution suggested that the ma-
jority of patients were in the low-risk group.

The ASR score ranged from 0 to 5, with a median
value of 1, indicating that the patient distribution was
concentrated in the low-to-moderate risk category, al-
though a small number of patients had higher scores.
The CSRS score ranged from —3 to 4, with a median
value of 0, indicating that most cases had a neutral or
low-risk profile (Table 2).

As a result of the study, no adverse events were
observed in 92.6% (n=100) of the patients during the
first week following discharge from the ED. Among
the adverse events detected, arrhythmia occurred in
4.6% (n=5) of the patients and acute coronary syn-
drome in 2.8% (n=3). At the end of the first month, no

TABLE 5. Distribution of Risk Scores Among
Patients with Adverse Events

Number SFSR ASR CSRS

1 0 2 3

2 0 1 -2

3 0 0 3

4 1 2 3

5 3 5 3

6 0 0 3

7 1 3 3

8 2 5 2

Score Median Minimum Maximum
SFSR 0.5 0 3
ASR 2 0 5
CSRS 3 -2 3

ASR, Anatolian syncope rule; CSRS, Canadian syncope risk
score; SFSR, San Francisco syncope rule.
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adverse events were observed in any patient (Table 3).

When the demographic and clinical characteristics
of the eight patients who experienced adverse events
were examined, 62.5% (n=5) were male. The three
most common comorbidities were arrhythmia (50%,
n=4), HT (37.5%, n=3), and coronary artery disease
(37.5%, n=3). The most frequent presenting symptoms
were palpitations (50%, n=4) and dyspnea (25%, n=2).
Abnormal ECG findings were observed in seven pa-
tients (87.5%), with atrial fibrillation (37.5%, n=3)
being the most common abnormality (Table 4).

When the distribution of scores of the eight pa-
tients who experienced adverse events was examined,
the SFSR score ranged from 0 to 3, with a median
value of 0.5, and was clustered within the low-to-mod-
erate risk range. The ASR score ranged from 0 to 5,
with a median value of 2, and it was observed that
some patients had higher risk scores. The CSRS score
ranged from —2 to 3, with a median value of 3, demon-
strating a higher median value compared to the other
scoring systems (Table 5).

DISCUSSION

Syncope is a common cause of ED visits. It poses both
diagnostic uncertainty and a risk of short-term adverse
events, making its management particularly challeng-
ing for emergency physicians. Therefore, the use of
reliable and easily applicable early risk stratification
tools plays a critical role in guiding appropriate clini-
cal decision-making.

In this study, the relationships between the SFSR,
ASR, and CSRS scores and adverse events occurring
at 1-week and at the end of the first month were com-
pared descriptively among patients presenting with
syncope. Although direct comparison between the
scores is not feasible because their absolute values are
based on different scoring systems, an examination of
their distributions revealed important patterns. The
SFSR scores clustered at lower values. The CSRS
scores were higher in patients who developed adverse
events and might provide an advantage in identifying
high-risk groups. The ASR, with its broader distribu-
tion, appeared to enhance discrimination among low-
to moderate-risk patients.

In our study, the mean age of patients evaluated
for syncope was 45.9+18.9 years (1888 years), and

57.4% (n=62) of the participants were female. The
most frequently detected comorbidities were cardiac
pathologies, followed by DM. These findings are con-
sistent with the literature. Bernier et al. [9] reported
that 53.7% of patients in their large population-based
cohort were female, while Ling ef al. [10] identified
HT as the most common comorbidity among patients
with syncope, followed by DM. Therefore, the demo-
graphic characteristics and comorbidity distribution
observed in our study are in parallel with previous re-
ports, suggesting that our patient population is repre-
sentative of the general syncope population.

In our study, the incidence of adverse events was
7.4% (n=8) within the first week, and no adverse
events were observed at the end of the first month. The
majority of the eight patients who experienced adverse
events had cardiac comorbidities such as arrhythmia
and HT. When compared with the literature, the
SAEM-GRACE meta-analysis published in 2025 re-
ported that the rate of adverse events among patients
discharged from the ED ranged between 0% and 3.7%
[11]. Furthermore, another meta-analysis published in
2018 demonstrated that the presence of cardiac comor-
bidities was significantly associated with an increased
risk of short-term adverse outcomes [12]. When eval-
uated together with these data, our findings suggest
that cardiac comorbidities are a critical determinant of
short-term prognosis in ED and should be carefully
considered in risk stratification.

In our study, the median SFSR value was found to
be 0. Even among patients who experienced adverse
events, the median score was only 0.5. This finding
indicates that serious events can occur even at low
scores, suggesting that the SFSR has limited discrim-
inatory power for risk stratification. In the derivation
study conducted by Quinn et al. [6], the SFSR demon-
strated high performance in predicting 1-week adverse
events, with 96% sensitivity and 62% specificity. Sim-
ilarly, in the validation study by the same group in
2006, 98% sensitivity and 56% specificity were re-
ported [ 13]. However, these results have not been con-
sistently reproduced in subsequent external validation
studies. For example, Safari et al. [14], in their analy-
sis of 187 syncope patients, reported that the SFSR
had limited effectiveness in predicting short-term ad-
verse outcomes, with AUC values of 0.57 for mortal-
ity, 0.67 for myocardial infarction, and 0.45 for
cerebrovascular events. Sensitivity ranged between
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44% and 83%, while specificity generally remained
below 50%. Similarly, Bozorgi et al. [3] reported an
AUC of 0.66 and a sensitivity of 42% for the SFSR
during a 3-month follow-up, although the specificity
was relatively high (90%). In light of these findings,
the results of our study are consistent with the existing
literature. They suggest that the SFSR has limited dis-
criminatory ability in early risk stratification, as ad-
verse events may still occur even at low score values.
Therefore, it cannot be considered a reliable stand-
alone tool.

In our study, the median CSRS value was 0 in the
entire cohort, while it increased to 3 among patients
who experienced adverse events. This finding suggests
that an increase in the score is associated with a
marked elevation in the short-term risk of adverse out-
comes. The calculation of the CSRS based on ten pa-
rameters and the inclusion of both negative and
positive points provide a wider distribution in risk
stratification. This feature contributes particularly to
the clearer differentiation of high-risk groups. Simi-
larly, in the large-scale derivation study conducted by
Thiruganasambandamoorthy et al. [8], the CSRS was
reported to have strong discriminatory power, with the
risk increasing gradually with higher scores. In a more
recent small-sample study, the CSRS likewise demon-
strated high accuracy in predicting cases that devel-
oped complications [15]. However, in both that study
and ours, the relatively limited sample size represents
an important limitation regarding the generalizability
of the findings. Despite this, in our study, adverse
events clustered predominantly in the moderate-to-
high risk categories of the CSRS. This observation
supports the literature indicating that the CSRS may
be a more advantageous tool for distinguishing be-
tween low- and high-risk patients.

In our study, the ASR scores demonstrated a
broader distribution compared to the SFSR and CSRS.
The median value among patients who experienced
adverse events was 2. This finding indicates that the
ASR may have the potential to provide a more detailed
risk stratification, particularly in the early period. The
ASR is calculated based on six parameters, and since
some parameters are assigned two points, the total
scoring range is broader (0-5). This feature allows for
clearer differentiation between low- and moderate-risk
groups. Indeed, as shown in Table 2, the median ASR

value in the overall cohort was 1, whereas in Table 5,
among patients who developed adverse events, this
value increased to 2. This demonstrates that the rise in
score was associated with a clinically significant in-
crease in risk.

In the derivation study conducted by Kayayurt ez al.
[7], the ASR was also reported to have greater discrim-
inatory power in predicting short-term adverse events,
particularly when compared with the SFSR. Our find-
ings are consistent with these results and support that the
ASR may serve as a clinically useful and applicable tool
for risk stratification. However, the fact that the ASR
was developed exclusively in the Turkish population and
that its external validation in different populations re-
mains limited represents an important limitation regard-
ing the generalizability of this scoring system.

The variable results of the SFSR reported in dif-
ferent studies limit the use of this scoring system as a
standalone tool. Therefore, it is suggested that com-
bining it with clinical judgment or supporting it with
an additional risk score may enhance its effectiveness
in risk stratification.

Our findings revealed that the ASR demonstrated
stronger performance, particularly in the classification
of low- and moderate-risk groups, whereas the CSRS
showed superior ability in identifying high-risk pa-
tients. In this context, the ASR may serve as a more
practical tool for identifying low-risk patients who can
be safely discharged from the ED. The fact that the
ASR was developed in the Turkish population pro-
vides an advantage in reflecting local clinical charac-
teristics. However, in our study, its broader score
distribution and higher median values among patients
who developed adverse events compared to the SFSR
and CSRS may also be associated with this popula-
tion-specific feature. Nevertheless, the limited external
validation of the ASR in different populations remains
an important limitation regarding the generalizability
of these findings.

Risk scores are valuable tools that can assist cli-
nicians in predicting the short-term prognosis of pa-
tients presenting with syncope. However, consistent
evidence demonstrating that these scores outperform
clinical judgment remains limited in the existing liter-
ature. Liang et al. [16] reported that syncope risk
scores did not provide additional superiority over clin-
ical judgment in predicting short-term adverse events.
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Similarly, a systematic review and meta-analysis con-
ducted by Wakai et al. [11] found that none of the 13
different risk stratification tools used in the ED out-
performed clinical judgment, and that the overall qual-
ity of available evidence was low. Consistent with
these findings, the 2018 ESC Guidelines for the Diag-
nosis and Management of Syncope also emphasize
that risk stratification should not rely solely on risk
scores [17]. Clinical judgment based on detailed his-
tory, physical examination, and ECG constitutes the
essential foundation of patient assessment.

The comparative analysis of the three risk scores
revealed distinct differences in their capacities to pre-
dict short-term adverse events. Our findings indicate
that the SFSR has limited discriminatory power in pre-
dicting early adverse outcomes. The CSRS demon-
strates stronger performance, particularly in
identifying high-risk groups. The ASR, owing to its
broader score distribution, allows for a more detailed
classification among low- and moderate-risk patients.
These results suggest that each scoring system has
unique advantages in different clinical contexts. Incor-
porating these scores as complementary tools to sup-
port clinical judgment would be appropriate when
developing risk stratification strategies in the ED.

Strengths and Limitations

Our study provides valuable insight by comparing
three syncope risk scores within a prospective, multi-
center cohort that closely reflects real-world ED prac-
tice. Despite the low number of adverse events, the
detailed descriptive presentation of score distributions
offers an important contribution to understanding early
risk differentiation in discharged syncope patients. By
focusing exclusively on individuals discharged from
the ED, the study presents an important perspective on
the safety and appropriateness of ED disposition de-
cisions. Furthermore, the methodological transparency
and clearly articulated limitations enhance the credi-
bility and interpretability of the findings.

This study has several limitations. First, the very
limited number of adverse events rendered inferential
analyses statistically unreliable and potentially mis-
leading; therefore, sensitivity, specificity, and predic-
tive values were not calculated, as described in the
Materials and Methods section. Second, hospitalized
patients were excluded by design, as the study aimed
to evaluate short-term adverse events among individ-

uals discharged from the ED. This exclusion should
not be considered a source of bias but rather a scope
limitation, since the study specifically focused on eval-
uating the predictive performance of risk scores in pa-
tients who were discharged despite varying risk levels.
Third, the ECGs were interpreted by the evaluating
physician as part of the clinical process, which intro-
duces a potential observer bias.

Finally, adverse events were assessed solely
through telephone interviews and not verified by re-
viewing medical records; this may have increased the
likelihood of underreporting or inaccurate reporting
and introduced an additional source of bias.

CONCLUSIONS

In this multicenter prospective study, three different
risk scores were evaluated in relation to short-term ad-
verse events among patients with syncope. The find-
ings indicate that the SFSR had limited discriminatory
ability, the CSRS was more advantageous in identify-
ing high-risk patients, and the ASR provided a more
detailed classification within low-to-moderate risk
groups. Since the study was based solely on descrip-
tive statistics, performance metrics were not calcu-
lated, and the generalizability of the results remains
limited.

In conclusion, in the management of patients with
syncope, the use of risk scores as adjuncts to clinical
evaluation is of great importance. Equally important
is the selection of the most suitable scoring tool based
on the demographic and clinical characteristics of the
patient population.
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ABSTRACT

Objectives: This study aimed to evaluate in vivo the potential protective effects of [Gly14]-humanin against
cisplatin-induced ototoxicity (CIO) and its modulatory effects against oxidative stress, inflammatory, and
apoptotic markers

Methods: Thirty-five male Balb/c mice were randomly divided into five groups: control, cisplatin, cisplatin +
[Gly14]-humanin (3 mg/kg), cisplatin + (6 mg/kg), and vitamin E. Cisplatin (10 mg/kg, b.w.) was administered
as a single dose. [Glyl4]-humanin was administered intraperitoneally for 14 days. Biochemical analyses
(Superoxide dismutase (SOD), glutathione (GSH), and malondialdehyde (MDA)), gene expression levels
(TNF-a, IL-1B, IL-6, CASP-3, CASP-9, Bcl-2/Bax), and histopathological examinations (PARP1, PARP2
immunoreactivity) were performed in cochlear tissue samples to evaluate oxidative stress, inflammation, and
apoptosis.

Results: Cisplatin decreased SOD and GSH levels and increased MDA levels in the cochlear tissue (P<0.05).
With the application of [Gly14]-humanin, these parameters approached their normal levels. Cisplatin increased
the values of pro-inflammatory and pro-apoptotic markers (TNF-a, IL-1p, IL-6, Caspase-3 (CAS-3), Caspase-
9 (CAS-9)) significantly while reducing the Bcl-2/Bax ratio (P<0.05). [Gly14]-humanin administration reversed
these effects in a dose-dependent manner. Histological analysis also revealed decreased PARP1 and PARP2
immunoreactivity in [Gly14]-humanin treated groups, comparable to the positive control (vitamin E).
Conclusions: The findings of this study show that [Gly14]-humanin exhibits important protective effects
against CIO by attenuating oxidative stress, inflammation, and apoptosis in cochlear tissues. Further studies
evaluating the clinical efficacy and reliability of [Gly14]-humanin are now needed.

Keywords: [Gly14]-Humanin, Cisplatin, Ototoxicity, Oxidative Stress, Cochlear Protection

particularly in the treatment of solid tumors side effects, such as ototoxicity, nephrotoxicity,

Cisplatin is a widely used anticancer drug, head and neck [1, 2]. However, it also causes severe
such as cancers of the testis, lung, ovary, and neurotoxicity, and myelosuppression. Permanent
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Protective Role of [Gly14]-Humanin Against Cisplatin Ototoxicity

hearing loss develops in a significant proportion of
patients treated with cisplatin (40-80% of adults and
at least 40% of children). Hearing loss in cisplatin-
induced ototoxicity (CIO) is typically bilateral,
sensorineural, progressive, irreversible, and frequently
accompanied by tinnitus and vertigo [1, 3, 4].

There are several mechanisms under the CIO.
Studies have suggested that CIO may derive from
several mechanisms, including oxidative stress, DNA
damage, inflammation, apoptosis, and ferroptosis [5-
8]. Another important mechanism is thought to be the
accumulation of reactive oxygen species (ROS)
induced by cisplatin [1, 2, 5, 9]. Excessive intracellular
ROS accumulation can trigger cell death by damaging
the cellular structure [10, 11]. Cisplatin’s inhibition of
antioxidant enzyme activity can result in an increase
in ROS inside the cochlea. This causes apoptosis of
hair cells and spiral ganglion neurons, thus resulting
in sensorineural hearing loss [12]. Cisplatin is reported
to exhibit an ototoxic effect not only by damaging hair
cells in the organ of Corti, but also spiral ganglion
neurons, support cells, and the stria vascularis [13].

Humanin is a 24-amino acid peptide synthesized
in association with mitochondrial translocation. It is
endogenous in origin and biologically active. It was
first identified for its protective effects against
neurodegenerative  processes associated with
Alzheimer’s disease [14-17]. Humanin and its
synthetic derivatives exhibit antiapoptotic, anti-
inflammatory, and antioxidant activities against
oxidative stress and hypoxic conditions [18-21].
[Gly14]-humanin is one humanin derivative. While
the serine amino acid is present in position 14 in the
humanin peptide chain, the amino acid glycine is
present in [Gly14]-humanin. Research has identified
[Glyl4]-humanin as a potent humanin analog,
particularly noteworthy for its neuroprotective effects
[22, 23].

This study aimed to evaluate in vivo the potential
protective effects of [Gly14]-humanin against CIO and
its modulatory effects against oxidative stress,
inflammatory, and apoptotic markers.

METHODS
Chemicals and Reagents
[Gly14]-humanin (99.86% purity), cisplatin (CAS

number: 15663-27-1), and all other reagents were
purchased from MedChemExpress. Superoxide
dismutase (SOD) (Sunred, Cat: 201-02-0291),
glutathione (GSH) (Sunred, Cat; 201-02-180), and
malondialdehyde (MDA) (Sunred, Cat; 201-02-0626)
were purchased from SunRed Biotechnology
Company (SRB) Ltd. (Shanghai, China).

Animals

This study was conducted with 35 male Balb/c
mice (6-8 weeks old, weighing 20-25 g) obtained
from the Kastamonu University Experimental Animals
Application and Research Center, Kastamonu. These
were housed in standard cages under well-regulated
conditions (relative humidity range: 45+5%,
temperature: 24+1°C, in a 12-h light/12-h dark cycle).
The animals were maintained on a standard pellet diet
and allowed ad libitum access to water during the
experimental period. All animal procedures described
in this study were approved by the Animal Care and
Use Committee at Kastamonu University, and all the
methods used during the animal experiments were in
accordance with the guidelines approved by the
Animal Ethics Committee (25.10.2024/11/39).

Experimental Design

The animals were randomly divided into the
following five groups:

[. Control group: The healthy control group did
not receive any drug administration (n=7).

II. Cisplatin group: A single dose of cisplatin (10
mg/kg, b.w.) was injected intraperitoneally into the
mice on the 10th day [24] (n=7).

II1. Cisplatin + [Gly14]-humanin group: A single
dose of cisplatin (10 mg/kg, b.w.) on the 10th day of
the treatment schedule, along with daily administration
of [Gly14]-humanin (3 mg/kg b.w./day) for 14 days
(n=7).

IV. Cisplatin + [Gly14]-humanin group: A single
dose of cisplatin (10 mg/kg, b.w.) on the 10th day of
the treatment schedule, along with daily administration
of [Gly14]-humanin (6 mg/kg b.w./day) for 14 days
(n=7).

V. Vitamin E group: Vitamin E (100 mg/kg
b.w./day) was administered by gavage to the mice
orally for 14 days (n=7). A table (1) showing the dose
schedule of the experiment is presented as a timeline.
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TABLE 1. The Dose Schedule of the Experiment is Presented as a Timeline
Experimental day Control group Cisplatin group [Gly-14] [Gly-14] Vitamin E
(0.5 mL) (10 mg/kg, b.w.) humanin group humanin group group
(3 mg/kg) (6 mg/kg) (100 mg/kg)
Day 1-9 Saline only Saline only Daily Daily Daily
[Gly-14] [Gly-14] Vitamin E
humanin humanin
Day 10 Saline only Cisplatin Daily Daily Daily
injection [Gly-14] [Gly-14] Vitamin E
humanin humanin +Cisplatin
+Cisplatin +Cisplatin injection
injection injection
Day 11-14 Saline only Observation Daily Daily Daily
[Gly-14] [Gly-14] Vitamin E
humanin humanin
Day 15 All animals in all groups were sacrificed under high-dose anesthesia

In order to evaluate the preventive effects of
[Gly14]-humanin against CIO, doses of 3 and 6 mg/kg
were selected in the present investigation based on
previous research. Vitamin E (100 mg/kg) was also
used as a positive control [25].

At the end of the experimental period, 24 h after
receiving the last treatment, the cochlea and vestibular
system were collected from all the experimental group
mice under deep anesthesia. All mice were sacrificed
by removing blood from the left ventricle under deep
anesthesia with ketamine (100 mg/kg) + xylazine (10
mg/kg). Animals under deep anesthesia were
euthanized by cervical dislocation. The cochlea and
vestibular system were used for biochemical,
molecular, and histopathological analysis.

Biochemical Analysis

The ELISA method was employed for measuring
SOD activity and GSH and MDA levels in cochlear
tissue samples, using a previously described method.
Tissues were homogenized by adding nine times their
weight in iced phosphate-buffered saline (PBS; 0.01
M, pH=7.4) solution for the analysis of tissue samples.
Centrifugation was performed at 5000 g for 5 minutes,
and the resulting supernatant was used for analysis.
Commercial kits (Elabscience, Wuhan, China) were
used for the measurement of GSH, SOD, and MDA
levels. GSH, MDA, and SOD levels were measured
using a microtiter plate ELISA reader (Epoch

Microplate Spectrophotometer, BioTek, USA).

Gene Expression Analysis TNF-a, IL-1pB, IL-6,
Caspase-3 (CAS-3), Caspase-9 (CAS-9), Bax, and
Bcl-2 mRNA expression levels in tissue samples were
determined by the real-time PCR method.

RNA Extraction

The tissue samples were homogenized in Tissue
Lyser II (Qiagen) in the presence of liquid nitrogen.
Total RNA was isolated from the cochlea and
vestibular system of the experimental and control
groups with a QIAcube Connect Qiagen kit for RNA
isolation according to the manufacturer’s instructions,
and the recovery was estimated.

Reverse Transcriptase Reaction and c¢DNA
Synthesis: cDNA was reverse transcribed from total
RNA using a high-capacity cDNA reverse transcription
kit (Applied Biosystems), following the manufacturer’s
protocol. The recovery of cDNA was then determined
using nanodrop spectrophotometry (EPOCH Take3
Plate, BioTek) before storage at -20 °C.

Real-Time Quantitative PCR

Total RNA extraction and cDNA synthesis were
performed according to the methods described in our
previous studies [26, 27].

According to the manufacturer's instructions, and
TNF-a (Mm00443258 m1), IL-1f (Mm00434228 ml),
IL-6 (Mm00446190 ml), Bcl (MmO00477631 ml), Bax
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(Mm00432051_m1), Caspase-3 (MmO01195085 m1), Fisher Scientific) solution was dropped onto the
Caspase-9  (Mm00516563 ml), and  B-actin tissues, left for 10 min. Then, they were incubated at
(Mm02619580 gl) mRNA expression as a +4 °C overnight at appropriate concentrations of
housekeeping gene were analyzed. Compared with the primary antibodies [anti-PARP-1 (1:200; catalogue no.
control group, all data were expressed as fold change 13371-1-AP, Proteintech) and anti-PARP-2 (1:200;
in expression compared with the cell groups using the catalogue no. 20555-1-AP, Proteintech)] without
2-AACt method. Differences between the groups in washing. Following incubation, the sections were
terms of oxidative stress, inflammation, and apoptosis washed with PBS for 3x5 min. Secondary antibody

were evaluated. kits (TP-125-HL, Thermo Fisher Scientific) were then
applied in line with the procedure order and duration,
Immunohistochemistry Procedure after which AEC chromogen (TA-060-HA, Thermo

Fisher Scientific) was applied to show the reaction and
render the immunoreactivity visible. A water-
compatible covering medium (TA-125-UG, Thermo
Fisher Scientific) was applied to the sections
counterstained with Gill’s hematoxylin were and
examined under a microscope. In the negative
controls, PBS replaced the primary antibody after
protein blocking, and the tissues were incubated with

Serial sections 5-um in thickness from the
prepared paraffin blocks were placed onto adhesive
slides. The streptavidin-biotin complex (sABC)
staining method was then applied to determine PARP1
and PARP?2 reactivity in the sections. Antigen retrieval
was performed once the sections had been
deparaftinized in xylol and dehydrated by passage
through alcohol series. For that purpose, the slides
were placed into a 10-fold diluted citrate buffer (citrate that solution overnight [29].
buffer heat-induced epitope retrieval pH: 6) solution
and heated in a microwave oven at 800 Watts for 20
min. Following this process, the sections were left to Statistical comparisons were performed using one-
cool for 30 min. After washing in phosphate-buffered way analysis of variance (ANOVA) followed by the
saline (PBS) solution for 3x5 min, they were next Tukey test and with GraphPad Prism 9 software
incubated in 3% hydrogen peroxide (hydrogen (GraphPad Software, Inc.). P values <0.05 were
peroxide 30% Merck: 108597) solution in the dark for considered statistically significant [30].

20 min for the purpose of blocking endogenous

peroxidase activity [28]. At the end of the incubation

procedure, the sections were rewashed with PBS RESULTS

solution for 3x5 min. In order to prevent nonspecific

antibody binding, Ultra V Block (TP-125-HL, Thermo Compared to the control group, SOD activity

Statistical Analysis
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FIGURE 1. Figure 1. Effect of [Glyl4]-humanin on antioxidant marker levels in CIS-induced ototoxicity. C, Control; CIS,
Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Glyl14]-humanin 6 mg/kg; E Vit, Vitamin E.
Different letters (a, b, ¢, d, e) in the same column represent a statistically significant difference (P<0.05).
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FIGURE 2. The effect of [Glyl4]-humanin on inflammation and apoptotic markers mRNA level in CIS-induced ototoxicity.
C, Control; CIS, Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Glyl4]-humanin 6 mg/kg; E Vit, Vitamin E.
Different letters (a, b, ¢, d) in the same column represent a statistically significant difference (P<0.05).

(28.249.4) and GSH (28.2+9.4) levels were decreased
(P<0.001), while MDA (7.64+1.1) levels were
increased (P<0.001) with CIS application in the
cochlear tissue. With the application of [Gly14]-
humanin, these parameters approached their normal
levels (Figure 1). Similar findings were found in brain
tissue analyses of mice. Decreased SOD activity and
GSH levels, and increased MDA levels with CIS
application were regulated by [Glyl4]-humanin
application.

In comparison to the control group, we found
significant increases (P<0.001) in pro-apoptotic
markers, CAS-3 (5.81%0.7) (P<0.001), inflammatory
markers TNF-a (3.3+0.2) (P<0.05), IL-1B (3.2+0.3)
(P=0.035), and IL-6 (10.3+0.8) (P<0.001) after cisplatin
challenge. In addition, significant reductions (P<0.05)
in pro-apoptotic markers, CAS-9 (1.9+0.1) (P=0.035)
gene expression and Bcl-2/Bax ratio (0.2+0.1)
(P<0.001) after cisplatin application were observed.
Moreover, our results revealed that [Gly14]-humanin
expecially high dose treatment significantly decreased
CAS-3 (3.4%0.7) (P<0.002) gene expression, CAS-9
(1.3+0.5) (P<0.04), TNF-a (1.5+0.3) (P<0.001), IL-1B

(1.5+0.3) (P<0.001), and IL-6 (5.2+0.4) (P<0.001), and
increased Bcl-2/Bax ratio (0.8+£0.1) (P<0.04) gene
expression (Figure 2).

TNF-a, IL-1pB, IL-6, CAS-3, and CAS-9 values
increased significantly with CIS application to mice,
while Bcl-2/BAX values were significantly decreased
compared to control. These values were normalized
depending on the dose (especially [Gly14]-humanin 6
mg/kg) with the administration of [Gly14]-humanin
(Figure 2).

In cis groups, both PARP1 and PARP2 exhibited
intense immunoreactivity. It was determined that
PARP1 immunoreactivity decreased at a similar rate in
the [Gly14]-humanin 6 mg/kg and Vitamin E groups.
It was determined that PARP2 immunoreactivity
decreased similarly in the [Gly14]-humanin 6 mg/kg
and Vitamin E. (Figure 3).

Both PARP1 and PARP2 exhibited intense
immunoreactivity in the cisplatin group compared to
the control groups. Immunohistochemical analysis
showed that increased expression of PARP1 in tissue
in the cisplatin group tended to decrease with the
application of [Gly14]-humanin and Vitamin E (Figure

The European Research Journal | Volume 12 | Issue 1

January 2026

123



Eur Res J. 2026;12(1):119-128

Protective Role of [Gly14]-Humanin Against Cisplatin Ototoxicity

FIGURE 3. Immunohistochemical staining of PARP1 and
PARP2 in all groups. Positive-stained cells are shown by ar-
rows. Strept-ABC-IHC, AEC, paraffin section. Scale bar: 20
pm for all panels (C, Control; CIS, Cisplatin; GLY 3, [Gly14]-
humanin 3 mg/kg; GLY 6, [Glyl14]-humanin 6 mg/kg; E Vit,
Vitamin E; PARP, Poly (ADP-ribose) polymerase).

4A). Additionally, the [Glyl4]-humanin 6 mg/kg
group and Vitamin E group were similar in terms of
healing, and less immunoreactivity was observed
compared to [Glyl4]-humanin 3  mg/kg.
Immunohistochemically, the increased expression of

PARP1 in the cisplatin group tended to decrease with
the application of [Glyl4]-humanin and vitamin E
(Figure 4B). The increased PARP2 expression with
cisplatin administration also decreased with the
application of [Glyl4]-humanin and vitamin E. In
addition, while [Gly14]-humanin 6 mg/kg and vitamin
E applications were statistically similar, the vitamin E
group was similar to the control group.

DISCUSSION

Cisplatin can produce an ototoxic effect through
complex pathophysiological mechanisms. This
ototoxic effect largely involves cellular processes such
as excessive ROS production in cochlear tissue,
oxidative stress, inflammatory responses, and
apoptosis [1, 2, 8, 9]. The purpose of this study was to
investigate the potential protective effects of [Gly14]-
humanin against CIO. The findings showed that
[Glyl4]-humanin significantly reduces oxidative
stress, inflammation, and apoptosis induced by
cisplatin, and thus exhibits a protective effect in
cochlear tissue. These results suggest that [Gly14]-
humanin may exhibit a potential therapeutic effect
against CIO.

Cisplatin induces mitochondrial dysfunction in
cochlear hair cells and supporting cells, and leads to
ROS accumulation by inhibiting antioxidant
enzymatic systems. This causes a severe oxidative
stress response characterized by a decrease in SOD
activity, depletion of GSH levels, and an increase in
lipid peroxidation products such as MDA [10-12]. In
agreement with the current literature, cisplatin
administration in the present study increased MDA
levels while decreasing those of SOD and GSH. This
confirms that cisplatin triggers a potent oxidative
stress response [2, 5, 9]. In this study, we observed that
these parameters (SOD, GSH, and MDA) approached
their normal levels with [Gly14]-humanin application.
The fact that [Gly14]-humanin application restored
these oxidative stress markers to close to normal levels
shows that this peptide possesses powerful antioxidant
properties. This is consistent with previous studies
showing that humanin and derivatives thereof exhibit
the ability to lower oxidative stress [23, 31, 32]. In
particular, a recent study by Liu ef al. showed that
[Gly14]-humanin improved oligoasthenozospermia by

124

The European Research Journal | Volume 12 | Issue 1 | January 2026



Eur Res J. 2026;12(1):119-128

Yagar et al

81A 8B
d d
64 T 6
- & N T
S, T & 28,
5 T L= b
T ab
24 a 2+ a T T
0 ] ] ] ] | 0 ] | 1 | 1
x N N X N s
N <) <) N <) <)
o ) & o 23 &
& o o o

FIGURE 4. Statistical graphical representation of PARP1 (A) and PARP2 (B) IHC scores of inner ear slices. C, Control; CIS,
Cisplatin; GLY 3, [Glyl4]-humanin 3 mg/kg; GLY 6, [Gly14]-humanin 6 mg/kg; E Vit, Vitamin E; IHC, Immunohistochemistry.
Different letters (a, b, ¢, d, e) in the same column represent a statistically significant difference (P<0.05).

reducing oxidative stress [23]. This suggests that
[Gly14]-humanin possesses antioxidant properties at
differing doses and in different toxicity models.

Oxidative stress triggers the release of pro-
inflammatory cytokines such as TNF-a, IL-13, and
IL-6, and initiates an inflammatory cascade by
activating transcription factors, including nuclear
factor kappa B. In addition, cisplatin-induced
oxidative stress and inflammation activate caspase-
dependent and —independent apoptotic pathways, thus
leading to the programmed death of cochlear hair cells
[2, 8].

In our study, significant increases were found in
pro-apoptotic markers CAS-3 (P<0.05), inflammatory
markers TNF-a (P<0.05), IL-1B (P<0.05) and IL-6
(P<0.05) after cisplatin administration compared to the
control group. In addition, significant decreases
(P<0.05) were observed following cisplatin
administration in anti-apoptotic markers, in CAS-9
(P<0.05) gene expression, and in the Bcl-2/Bax ratio
(P<0.05). These values normalized with the
application of [Gly14]-humanin, particularly [Gly14]-
humanin 6 mg/kg, in a dose-dependent manner. These
findings clearly show that cisplatin triggers
programmed cell death and an inflammatory response
in cochlear cells. The fact that [Glyl4]-humanin
treatment significantly lowered these inflammatory
and apoptotic markers and increased the Bcl-2/Bax

ratio shows that it exhibits anti-inflammatory and anti-
apoptotic effects. Previous studies have also reported
that humanin and its analogs possess anti-apoptotic
and anti-inflammatory characteristics [19, 21]. In
particular. Jin et al. reported that [Gly14]-humanin
prevented cell death by obstructing mitochondrial
dysfunction [20]. This suggests that GLY 14 may
exhibit a protective effect by directly targeting cellular
damage derived from cisplatin treatment. Apart from
its anti-inflammatory and antioxidant properties,
[Gly14]-humanin may also have cytoprotective effects
by regulating mitochondrial homeostasis and
triggering pro-survival pathways like PI3K/Akt
signaling and STAT3, which are recognized
downstream targets of humanin analogs. The observed
decrease in oxidative stress and cochlear apoptosis in
our study could be attributed to these pathways.
PARP is an important enzyme in the DNA damage
response and cell death. Its activation is known to play
an important role in cisplatin-induced cell damage
[24]. Histopathological investigation in the present
study revealed intense PARP1 and PARP2
immunoreactivity in the cisplatin group, while the
application of GLY-14 and vitamin E reduced PARP1
and PARP2 expression. This suggests that [Gly14]-
humanin and vitamin E may have the potential to
reduce DNA damage and resulting cell death. In
particular, the fact that the GLY-14 6 group exhibited
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similar healing outcomes to the group in which
vitamin E, a known antioxidant and otoprotective
agent, was applied suggests that [Glyl4]-humanin
may be as effective as vitamin E [25].

To the best of our knowledge, this is the first
experimental animal study investigating the effect of
GLY14 on ototoxicity. Further clinical research
evaluating hearing functions and involving long-term
follow-up is now needed to confirm these effects in
humans.

Strengths and Limitations

One strength of this study is that it compared the
effects of two distinct [Glyl4]-humanin dosages, 3
mg/kg and 6 mg/kg. The 6 mg/kg dose normalized
oxidative stress and inflammatory parameters more
effectively than the 3 mg/kg dose. This dose-dependent
effect supports the idea of a potential therapeutic role
of [Gly14]-humanin. Another strength of this study is
the inclusion of vitamin E, with known antioxidant and
otoprotective effects, as a positive control. This
allowed us to compare the effectiveness of [Gly14]-
humanin and vitamin E. That comparison may yield
important data regarding the efficacy of [Glyl4]-
humanin. Further studies including molecular level
analyses and different routes of administration (such
as intratympanic injection) are now needed to fully
elucidate the effect mechanism of [Gly14]-humanin.

However, there are also a number of limitations to
this study. The study used waste materials from the
project investigating the neuroprotective effect of
[Gly14]-humanin on cisplatin-induced neurotoxicity
in mice. Therefore, auditory function testing
(ABR/DPOAE) could not be performed, and thus, the
hearing functions of the animals before and after the
experiment could not be compared. In addition, due to
the brief follow-up period, this study does not provide
information concerning the long-term eftects of CIO
or the protective potential of [Gly14]-humanin against
those long-term effects.

CONCLUSION

The findings of this study show that [Gly14]-humanin
exhibits important protective effects against CIO. It

may protect cochlear tissue against damage by
reducing oxidative stress, inflammation, and apoptosis
induced by cisplatin. [Gly14]-humanin may exhibit
more pronounced healing at 6 mg/kg. Our findings
show that [Gly14]-humanin exhibits similar effects to
vitamin E, a known antioxidant. Further studies
evaluating the clinical efficacy and reliability of
[Gly14]-humanin are now needed.
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ABSTRACT

Objectives: Peripheral tuberculous lymphadenitis (TB-LAP) is the most common form of extrapulmonary
tuberculosis (EPTB) and remains diagnostically challenging due to its low bacillary burden. This study aimed to
evaluate diagnostic pathways, microbiological confirmation rates, and treatment outcomes in adult TB-LAP cases.
Methods: We retrospectively analyzed 30 adult patients diagnosed with TB- LAP at a tertiary care center
between 2021 and 2025. Inclusion criteria were isolated peripheral lymphadenopathy with compatible
histopathology, supported by culture, PCR, or clinical-radiological findings. Data regarding diagnostic delay,
referral pathways, microbiological yield, and treatment outcomes were collected.

Results: Among 158 peripheral lymphadenopathy cases, 52 were diagnosed as TB-LAP, and 30 with complete
follow-up data were included in the final analysis. The mean age was 39.2 years, and 83.3% were female. Culture
positivity was 28.6%, Polymerase Chain Reaction (PCR) 42.9%, and acid-fast bacilli were detected in only one
patient. Overall microbiological confirmation rate was 23.3%. Treatment was successfully completed in most
cases, with treatment-related complication rate of 6.7%. Diagnostic delay >2 months was observed in 56.7% of
patients. Early referral to the infectious diseases clinic significantly reduced diagnostic delay (<2 months in
72.7% vs. 15.4% in internal medicine; P=0.017). Histopathology most frequently showed granulomatous
inflammation, while caseating necrotizing inflammation (23.3%) was the strongest supportive finding.
Conclusions: In this 30-case series of isolated peripheral TB-LAP, histopathology - supported by PCR when
available - provided the most reliable diagnostic contribution, while culture remained limited in keeping with
the paucibacillary nature of the disease. The findings highlight the need for more sensitive molecular tools,
yet indicate that, for now, timely tissue sampling and careful clinical-pathological interpretation remain the
most dependable approach in routine practice.

Keywords: Tuberculosis, Lymphadenitis, Extrapulmonary, Tuberculosis, Diagnosis, Histopathology,
Diagnostic Delay

is the most common form of extrapulmonary
tuberculosis (EPTB) and typically presents with
persistent, non-specific cervical lymphadenopathy [1-
3]. Its diagnosis is often complicated by the

gyripheral tuberculous lymphadenitis (TB-LAP)
1

paucibacillary nature of the disease and the slow
turnaround of mycobacterial culture, which together
contribute to substantial delays in clinical decision-
making. As a result, histopathology frequently
becomes the initial basis for diagnosis, although
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caseating granulomatous inflammation is not specific
to tuberculosis and may overlap with sarcoidosis,
fungal infections, nontuberculous mycobacteria, or
malignancy [4, 5]. Recent multicentre data reporting
microbiological confirmation rates of only 20-40%
further highlight the practical limitations of current
diagnostic tools and the continued reliance on
histopathology in routine practice [6].

A further determinant of diagnostic delay is the
route by which patients enter the healthcare system.
Whether individuals first present to infectious diseases
services, internal medicine or surgical clinics, or are
referred through the national tuberculosis surveillance
pathway may significantly influence biopsy timing,
the speed of diagnostic clarification, and subsequent
management. In a condition already marked by
diagnostic uncertainty, such variations in referral
pathways represent an additional source of variability.

This study examines diagnostic pathways in adult
TB-LAP, focusing on referral patterns associated with
diagnostic delay, and evaluates histopathological and
microbiological confirmation rates. It also assesses the
diagnostic contribution of culture, Polymerase Chain
Reaction (PCR), Interferon-Gamma Release Assay
(IGRA), and histopathology in relation to treatment
outcomes. The aim is to provide a clearer framework
for improving diagnostic confidence and accelerating
clinical decision-making in endemic settings.

METHODS

Between 2021 and 2025, we retrospectively evaluated
158 patients who presented to the Health Sciences
University Bursa City Hospital with single or multiple
isolated peripheral lymph node involvement after the
exclusion of acute lymphadenitis. While not a
dedicated tuberculosis centre, our institution serves as
a tertiary-care hospital with extensive diagnostic
capabilities and advanced imaging infrastructure.
Cases diagnosed histopathologically as chronic
granulomatous lymphadenitis were initially identified.
However, since the presence of granulomas is not
specific for tuberculosis, only those supported by
culture, PCR, or compatible clinical-radiological
findings were classified as tuberculous lymphadenitis.
Of the 52 identified cases, 22 were excluded due to
incomplete treatment or follow-up data; thus, the final

analysis was conducted on 30 patients. Diagnostic
delay was defined as the interval between the first
hospital admission and the definitive diagnosis and was
categorized as <2 months or >2 months. Patients were
further stratified according to referral pathways. Only
adult patients aged 18 years and older were included.

Inclusion criteria were >18 years of age, isolated
peripheral lymph node involvement, histopathological
findings consistent with tuberculous lymphadenitis,
and availability of complete follow-up data.

Exclusion criteria were history of malignancy, prior
tuberculosis, concomitant pulmonary tuberculosis, and
intra-abdominal or intrathoracic lymphadenopathy.
Intra-abdominal and intrathoracic lymphadenopathies
were excluded due to the possibility of secondary
spread from adjacent parenchymal structures and their
limited diagnostic value.

Referral pathways were evaluated in three groups.
The direct referral group included patients who
presented with systemic symptoms and were found to
have lymphadenopathy on examination, or those
referred directly to the infectious diseases outpatient
clinic without further preliminary work-up. Patients
initially evaluated in internal medicine or surgical
clinics with a presumptive diagnosis of malignancy,
later referred to the infectious diseases clinic during
the diagnostic process, together with those reported
through the Tiirkiye’s National Tuberculosis
Surveillance System (NTSS-TR) after pathology
demonstrated chronic granulomatous inflammation,
were analyzed separately in sub-analyses due to
differences in timing and referral processes. Patients
first assessed in internal medicine or surgical clinics
for suspected malignancy and subsequently referred
to the infectious diseases clinic, as well as those
identified through NTSS-TR following
histopathological reports of chronic granulomatous
inflammation, were ultimately classified within the
same group. This categorization was made to reflect
similarities in diagnostic evaluation despite different
referral routes, while also highlighting the impact of
referral timing on the diagnostic process. All clinical,
microbiological, radiological, and histopathological
data were retrospectively obtained from patient files
and laboratory records. The following were recorded:
Purified Protein Derivative (PPD), IGRA, complete
blood count, C-Reactive Protein (CRP), and
Erythrocyte Sedimentation Rate (ESR) results. IGRA
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was performed using the QuantiFERON-TB Gold
Plus platform (Qiagen, Hilden, Germany). Molecular
detection of the Mycobacterium tuberculosis complex
was undertaken on lymph node tissue samples using
the Xpert MTB/RIF Ultra system (Cepheid,
Sunnyvale, CA, USA).

The diagnosis of tuberculous lymphadenitis was
primarily based on histopathology and, when available,
supported by culture or PCR results.

Not all patients underwent all tests; therefore,
diagnostic evaluation was performed according to
available data, incorporating clinical and radiological
compatibility. Lymph node biopsy was performed in
all confirmed TB-LAP cases (n=30); mycobacterial
culture was requested for 14 samples and PCR was
performed in seven samples.

The study was limited to tuberculous lymphadenitis
cases. Since histopathology, culture, or PCR results
were not available for all patients, alternative causes of
lymphadenitis with similar clinical or pathologicaxal
presentation were excluded by reviewing patient files.

Specifically, Bartonella henselae, Toxoplasma
gondii, Francisella tularensis, Epstein—Barr virus
(EBV), Coxiella burnetii, Treponema pallidum, as well
as non-infectious causes such as sarcoidosis, reactive
lymphadenitis, and malignant lymphadenopathies were
excluded based on clinical, serological, and
histopathological findings.

Radiological evaluations were reviewed from

patient records. Ultrasonography was performed in all
cases to confirm peripheral lymph node involvement.
When clinically indicated, further evaluation included
computed tomography (CT) and magnetic resonance
imaging (MRI), while PET-CT was performed in
selected cases with suspected malignancy or
disseminated disease. Imaging was also used to exclude
intra-abdominal and intrathoracic involvement.

Histopathological diagnosis was based on the
presence of granulomas (with or without necrosis or
caseation). Findings were categorized as granulomatous,
necrotizing, caseating necrotizing, necrotizing
granulomatous, or atypical/nonspecific. Additionally,
records of fluoroquinolone use within 30 days prior to
diagnosis were reviewed, as this factor may contribute
to diagnostic delay [7]

This study was approved by the Bursa City
Hospital Scientific Research Ethics Committee
(11.06.2025/2025-12/09). All procedures complied
with the principles of the Declaration of Helsinki.

Statistical Analysis

All statistical analyses were performed using
SPSS version 25.0 (IBM SPSS, Chicago, IL, USA).
Descriptive data were presented as means and
standard deviations, while distributions of nominal or
ordinal variables were expressed as counts and
percentages. Comparisons between groups for

TABLE 1. Diagnostic Distribution of Prolonged Peripheral Lymphadenopathy Cases (n=158)

Diagnostic group n %
Hematological malignancies 34 21.5
Reactive lymphadenitis 32 20.3
Tuberculous lymphadenitis 52 329
Bartonella henselae (cat scratch disease) 11 7.0
Solid-organ malignancies 11 7.0
Toxoplasma gondii lymphadenitis 9 5.7
Tularemia (Francisella tularensis) 2 1.3
Persistent Epstein—Barr virus (EBV) infection 2 1.3
Lymphadenitis secondary to rheumatologic disease 2 1.3
Sarcoidosis 1 0.6
Coxiella burnetii (Q fever) 1 0.6
Syphilis 1 0.6
Total 158 100.0
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categorical variables were conducted using the Chi-
square test or Fisher’s Exact Test, as appropriate. The
normality of distribution for continuous variables was
assessed using the Kolmogorov-Smirnov test. For
continuous variables not normally distributed,
intergroup comparisons were performed using the
Mann—Whitney U test. Correlations between ordinal
variables were assessed using Spearman&#39;s rank
correlation coefficient. All results were interpreted
with a 95% confidence interval, and a P-value of less
than 0.05 was considered statistically significant. The
statistical significance of correlations was determined
by the p-value, while the strength of the correlation
was assessed using the Spearman correlation
coefficient (rho). Correlation strength was interpreted
using Spearman’s rho values as follows [8]: tho =0
— no correlation 0 < rho < 0.3 — weak correlation
0.3 <rho < 0.7 — moderate correlation 0.7 <rho < 1
— strong correlation tho = 1 — perfect correlation.”

RESULTS

A total of 158 adult patients with peripheral
lymphadenopathy who met the inclusion criteria were
evaluated. The most common etiology was
tuberculous lymphadenitis (32.9%, n=52), followed
by hematological malignancies (21.5%, n=34) and
reactive lymphadenitis (20.3%, n=32). Less frequent
causes included Bartonella henselae infection (7.0%,
n=11), metastatic lymphadenopathy secondary to solid
organ malignancies (7.0%, n=11), and Toxoplasma
gondii lymphadenitis (5.7%, n=9). Rare etiologies
were tularemia (1.3%), persistent Epstein—Barr virus

(EBV) infection (1.3%, n=2), rheumatologic disorders
(1.3%, n=2), sarcoidosis (0.6%, n=1), Q fever (0.6%,
n=1), and syphilis (0.6%, n=1) (Table 1). Of the 52
patients diagnosed with tuberculous lymphadenitis
(TB-LAP), 22 (42.31%) were excluded due to
incomplete follow-up data or missing records, leaving
30 patients for the final analysis. Among these, 25
(83.3%) were female and 5 (16.7%) male, with a mean
age of 39.2+13.4 years. Nineteen (63.3%) patients
were under 50 years of age, while 11 (36.7%) were
>50 years. Seven (23.3%) patients were of foreign
origin, and five (16.7%) had a history of
immunosuppression. The most frequent site of lymph
node involvement was cervical (53.3%, n=16),
followed by supraclavicular (26.7%, n=8), axillary
(16.7%, n=5), and epitrochlear (3.3%, n=1). All
patients underwent thoracic and abdominal imaging to
exclude additional involvement. The tuberculin skin
test (PPD) was performed in 24 (80%) patients, with
17 (70.8%) yielding positive results. IGRA was
conducted in 18 (60%) patients and was positive in 8
(44.4%). Laboratory evaluation showed ESR in 17
(60.7%) patients and elevated CRP in 94.7% (18/19)
tested patients. CRP levels were significantly higher
in male patients compared to females (P=0.014).
Leukocytosis was observed in four (14.3%) patients.
Microbiological analysis demonstrated culture
positivity in 4 (28.6%) of 14 biopsies. Ziehl-Neelsen
staining revealed acid-fast bacilli in only one case.
PCR testing was performed in seven biopsies and
detected Mycobacterium tuberculosis DNA in 3
(42.9%). Histopathological examination was positive
in 26 (86.7%) of the 30 confirmed TB-LAP cases,
making it the most sensitive diagnostic modality in

TABLE 2. Diagnostic Delay in Peripheral Tuberculous Lymphadenitis by Referral Pathway

Referral source <2 Months >2 Months Total
n (%) n (%) ()

Direct infectious diseases (pathology report+TB 8 (72.7%) 3 (27.3%) 11

Surveillance Registry* or symptomatic referral)

Internal medicine clinics 2 (15.4%) 11 (84.6%) 13

Surgical clinics 3 (50.0%) 3 (50.0%) 6

Chi-square (*) value 8.11

P value 0.017

*Tiirkiye’s National Tuberculosis Surveillance System (NTSS-TR). Statistically significant P-value is shown in bold.
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TABLE 3. Demographic, Clinical, and Laboratory Characteristics of Patients (n=30)

Variable n %
Gender

Male 5 16.7

Female 25 83.3
Age group (years)

<50 19 63.3

>50 11 36.7
Immunosuppression

Absent 25 83.3

Present 5 16.7
Nationality

Turkish citizen 23 76.7

Foreign national 7 23.3
PPD result

Normal 7 29.2

Elevated 17 70.8
Interferon-gamma release assay

Negative 10 55.6

Positive 8 44 4
Biopsied lymph node site

Axillary 5 16.7

Epitrochlear 1 33

Cervical 16 533

Supraclavicular 8 26.7
Imaging modality

CT 3 10.0

MRI 1 33

Ultrasound 26 86.7
PET imaging

Not performed 15 71.4

Performed 6 28.6
Fluoroquinolone use

No 21 70.0

Yes 9 30.0
Culture result

Negative 10 71.4

Positive 4 28.6
Acid-fast bacilli stain

Negative 13 92.9

Positive 1 7.1
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TABLE 3 Continued. Demographic, Clinical, and Laboratory Characteristics of Patients (n=30)

Variable n %
PCR result

Negative 57.1

Positive 42.9
White blood cell count

Normal 24 85.7

Elevated 4 14.3
C-reactive protein

Normal 1 53

Elevated 18 94.7
Erythrocyte sedimentation rate

Normal 11 39.3

Elevated 17 60.7
Histopathological findings

Caseating inflammation 1 33

Necrotizing inflammation 3 10.0

Granulomatous inflammation 9 30.0

Caseating granulomatous inflammation 4 133

Caseating necrotizing inflammation 7 233

Necrotizing granulomatous inflammation 5 16.7

Atypical / nonspecific 1 33
Treatment duration

6—9 months 15 50.0

>9 months 11 36.7

Ongoing (3—4 months) 4 133
Complications

Absent 28 933

Present 2 6.7
Total 30 100.0

CT, computed tomography; MRI, magnetic resonance imaging; PCR, polymerase chain reaction; PET, positron emission

tomography.

this cohort. While mycobacterial culture yielded
positivity in only 4 (28.6%) of 14 samples, PCR
detected Mycobacterium tuberculosis complex DNA
in 3 (42.9%) of 7 samples, illustrating the limited
microbiological yield typically associated with the low
bacillary burden of TB-LAP.

When interpreted together, histopathology and
PCR provided the strongest diagnostic support, with
PCR offering molecular confirmation that

complemented granulomatous inflammation observed
in tissue samples. In contrast, culture contributed
minimally to combined diagnostic assessment due to
its low positivity rate.

Because culture and PCR were performed in a
restricted subset of cases (n=14 and n=7, respectively),
a formal comparison of sensitivity or specificity
between diagnostic combinations was not feasible.
Nevertheless, the available data indicate that the
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histopathology + PCR combination provides the
highest diagnostic value among the approaches used
in this study.

Ultrasonography was the most frequently used
imaging method (86.7%), followed by computed
tomography (10.0%) and magnetic resonance imaging
(3.3%). Positron emission tomography— computed
tomography (PET-CT) was employed in selected cases
(28.6%) (Table 3). These findings highlight the role of
ultrasonography as the primary diagnostic tool, while
advanced imaging was reserved for selected
indications. Histopathological examination was
available in all patients and showed heterogeneous
patterns. The most common findings were
granulomatous inflammation (30.0%), caseating
necrotizing inflammation (23.3%), and necrotizing
granulomatous inflammation (16.7%). Less frequent
features  included caseating  granulomatous
inflammation (13.3%), necrotizing inflammation
(10.0%), caseating inflammation (3.3%), and
atypical/nonspecific changes (3.3%). Regarding
treatment duration, 15 (50.0%) patients completed
therapy within 6-9 months, 11 (36.7%) required >9
months of treatment, and 4 (13.3%) were still under
therapy at the time of data cutoff. The complication
rate was 6.7%, most commonly presenting as fistula
formation or fluctuation. Diagnostic delay >2 months
was observed in 17 (56.7%) patients. Among those
presenting directly to the infectious diseases clinic,
72.7% were diagnosed within 2 months, compared
with 15.4% in internal medicine clinics and 50.0% in
surgical clinics (¥>=8.11, P=0.017) (Table 2).

Spearman correlation analysis revealed a
moderate, statistically significant association between
elevated ESR and IGRA positivity (rho = 0.624;
P=0.010) (Table 4).

TABLE 4. Correlation Analyses

DISCUSSION

EPTB in adults is typically defined by a low bacillary
load and prolonged turnaround times for
microbiological confirmation, often compelling
clinicians to rely on histopathological assessment. Yet,
the diagnostic accuracy of histopathology alone
remains debated, and in endemic regions it is regarded
more as a pragmatic necessity than a definitive
standard [1, 9]. In our cohort, despite the limited rate
of microbiological confirmation, antituberculous
therapy initiated on the basis of histopathological
findings led to high clinical response rates and
minimal complications. Although this does not render
histopathology infallible, the strong concordance
between clinical presentation and tissue pathology -
reinforced by favorable treatment outcomes -supports
its continued diagnostic value in endemic settings.

A closer examination of test performance
underscores the inherent limitations of microbiological
methods in TB-LAP. Culture positivity was low
(28.6%), consistent with previous reports highlighting
the difficulty of recovering viable bacilli from
necrotic, paucibacillary lymph node tissue [10, 11].
PCR positivity was higher (42.9%), reflecting the
superior sensitivity of molecular assays in detecting
low-level bacillary DNA and their complementary role
alongside histopathology. The combination of
histopathology and PCR provided the greatest
diagnostic confidence, whereas culture contributed
minimally due to its limited yield. Although the subset
of specimens subjected to culture and PCR was small
- precluding formal sensitivity and specificity analysis
- the overall pattern strongly suggests that the
histopathology - PCR combination offers the highest
diagnostic value in routine clinical practice. These

PPD IGRA
WBC (rho/P) 0.290/0.191 0.181/0.488
CRP (rho/P) -0.130/0.657 0.319/0.312
ESR (rho/P) 0.080/0.722 0.624*%/0.010
PPD (rho/P) 1.000/- 0.488/0.108

ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; IGRA, interferon-gamma release assay; PPD, purified protein

derivative. Statistical test: Spearman’s correlation analysis.

**A moderate positive and statistically significant correlation was found between ESR and IGRA levels (rtho = 0.624; P=0.010).
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findings reinforce the principle that, particularly in
endemic regions, diagnosis must be grounded in an
integrated assessment of clinical, epidemiological, and
histopathological data, rather than relying exclusively
on microbiological confirmation.

Histopathological evaluation was available in all
cases, with caseating necrotizing granulomatous
inflammation identified in 23.3%, representing the
most characteristic morphological hallmark of
tuberculosis. Microbiological confirmation was
achieved in 23.3% of patients, consistent with the 20—
40% range reported in prior TB-LAP cohorts [10, 11].
All patients received standard antituberculous therapy,
and the majority completed treatment successfully,
further reinforcing the reliability of clinical—
pathological concordance as a basis for initiating
therapy in endemic settings [9, 12].

Regarding immunological and inflammatory
markers, tuberculin skin test (PPD) positivity (70.8%)
was comparable to previously reported rates among
immunocompetent adults [13], though universal BCG
vaccination and latent infection continue to limit its
specificity [4]. IGRA positivity (44.4%) aligned with
the expected 30-60% positivity range in EPTB [14,
15]. Elevated ESR was observed in 60.7% of patients
and correlated strongly with IGRA positivity (tho =
0.624; P=0.010), suggesting that IGRA may reflect
both immune sensitization and underlying
inflammatory activity [6]. CRP was elevated in 94.7%
of tested patients and was significantly higher in men,
supporting its utility as an adjunctive marker that
strengthens clinical suspicion and aids in monitoring
disease activity despite its limited specificity [16].

Diagnostic delay was markedly influenced by
referral pathways. Patients presenting directly to the
infectious diseases clinic were more frequently
diagnosed within two months (72.7%) compared with
those evaluated in internal medicine (15.4%) or
surgical clinics (50.0%) (x> = 8.11; P=0.017). These
discrepancies likely reflect differences in how
prominently tuberculosis features in the differential
diagnosis across specialties - even in endemic areas.
Cases reported through Tirkiye’s National
Tuberculosis  Surveillance System (NTSS-TR)
commonly underwent early biopsy due to suspected
malignancy and were subsequently referred to
infectious diseases specialists once granulomatous
inflammation was identified histologically. Although

indirect, this pathway likewise facilitated relatively
early specialist evaluation. However, combining
NTSS-TR-reported cases with other referral routes
introduced heterogeneity that should be acknowledged
as a limitation.

Comparison with recent multicenter studies from
Tiirkiye further supports our findings. Celik et al. [9]
described similar diagnostic challenges across EPTB
presentations, while Yenilmez et al. [13] emphasized
the persistently low microbiological confirmation rates
in peripheral TB lymphadenitis. Our single-center
results align closely with these observations,
underscoring that diagnostic delay and reliance on
histopathology remain ongoing challenges in endemic
settings.

Strengths and Limitations

This study reflects real-world clinical practice in
a tertiary care setting and focuses on adult isolated
peripheral tuberculous lymphadenitis, a frequently
under-recognised and diagnostically challenging form
of extrapulmonary tuberculosis. A major strength of
the study is the detailed assessment of the diagnostic
process, including clinical presentation, timing of
biopsy, histopathological evaluation, and the limited
yield of microbiological methods. By analysing
routine clinical data, the study highlights practical
diagnostic challenges and underscores the importance
of clinicopathological correlation in daily infectious
diseases practice.

The study is limited by its retrospective, single-
centre design and relatively small sample size.
Molecular tests were not performed uniformly across
all specimens, and culture positivity was low,
restricting detailed microbiological analyses.
Nevertheless, the findings provide clinically relevant
insights into real-world diagnostic decision-making in
peripheral TB lymphadenitis.

CONCLUSION

This series demonstrates clearly how peripheral
tuberculous lymphadenitis behaves in day-to-day
clinical practice. The low rate of microbiological
confirmation is entirely expected; given the tissue
characteristics and paucibacillary nature of the disease,
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it would be unreasonable to anticipate more. What
ultimately drives the diagnosis is obtaining tissue at
the right time and ensuring that the case reaches a
clinician who can recognise the pattern early.

Histopathology, when interpreted in an
appropriate clinical context, provided adequate clarity
to initiate treatment without delay in most patients.
PCR supported the histological impression in the
small number of samples in which it was performed,
while culture contributed little, as anticipated. Current
diagnostic tools remain limited; there is a clear need
for more sensitive molecular assays and for studies
involving larger, well-characterised cohorts. Even so,
this work reinforces a familiar lesson: in TB-LAP,
timely biopsy combined with thoughtful clinical—
pathological correlation remains the most dependable
route to a confident diagnosis.
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