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MAIN POINTS

• Antiproliferative effect of
Ramelteon: It reduced cell vi-
ability in tumour cell lines (A2780,
MCF-7, Caco-2, LNCaP).

• Ramelteon exhibited anti-genotoxic
properties by suppressing DNA
damage.

• Clinical potential: The demon-
stration of anti-cytotoxic and anti-
genotoxic effects of Ramelteon
across different tumor cell lines
suggests that it may be a candidate
for cancer therapy; however,
advanced in vitro and in vivo
studies are required to elucidate
the underlying mechanisms.

Cite this article as: Keskin T, Sekerci G,
Ilikca S, Tekin C, Tekin S. Investigation
of the anticancer effect of Ramelteon
on different human cancers: An in vitro
study. Ann Med Res. 2026;33(6):245--252.
doi: 10.5455/annalsmedres.2025.10.293.

ABSTRACT

Aim: To describe the various methods used to treat cancer, one of the diseases with the high-
est mortality rates worldwide. Among these methods, the use of agents exhibiting antioxidant
activity has increased significantly. Ramelteon, a melatonin receptor agonist, stands out for its
antioxidant and anti-inflammatory properties. In this study, we investigated the cytotoxic and
genotoxic effects of Ramelteon in different human cancer cell lines.
Materials and Methods: In the study, Ramelteon was applied at concentrations of 5, 10, 25,
50, 100, and 500 µM to human ovarian (A2780), breast (MCF-7), colon (Caco-2), and prostate
(LNCaP) cancer cell lines, which were exposed and incubated for 24 hours. The MTT assay was
used to measure changes in viability. After obtaining data on dose-dependent effects, inhibitory
concentration values were determined. Genotoxicity was examined using the Comet assay at
the determined effective dose. Intergroup comparisonswere performed using the Kruskal-Wallis
H test. When statistically significant differences were found between groups, multiple compar-
isons were performed using the Bonferroni-corrected Mann-Whitney U tests (p<0.05).
Results: Ramelteon significantly reduced cell viability (p<0.05) and exhibited genotoxic effects
in the A2780, MCF-7, Caco-2, and LNCaP cell lines (p<0.05).
Conclusion: Research findings indicate that Ramelteon exhibits anticancer potential in A2780,
MCF-7, Caco-2, and LNCaP cell lines, suggesting that the drug may be considered a promising
candidate for the development of new cancer treatment strategies.

Keywords: Colon cancer, Melatonin, Breast cancer, Prostate cancer, Ramelteon, Ovarian
cancer
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INTRODUCTION

Whena cell reaches a certain level ofmaturity, it divides topro-
mote growth and development. When this process proceeds
normally, the organism remains healthy; however, if control
of cell division is lost for various reasons, cancer can develop
[1]. Results indicate that anti-inflammatory and antioxidant
compounds used to reduce inflammation closely associated
with carcinogenesis promote programmed cell death (apop-
tosis) [2-4]. Therefore, the search for effective cancer treat-
ments has led to speculation about the therapeutic potential
of certain agents with anti-inflammatory properties. Investi-
gating the anticancer potential of pharmacological agents cur-
rently in clinical use offers significant strategic and transla-
tional advantages, particularly with regard to compounds ex-

hibiting anti-inflammatory and antioxidant properties. The
pharmacokinetic and safety profiles of these agents are well
understood; thus, safety concerns can be significantly reduced
in early-phase clinical trials [5]. Because chronic inflamma-
tion and oxidative stress drive tumor growth and spread (for-
mation, progression, and metastasis), these drugs may fun-
damentally affect the core determinants of anticancer biol-
ogy [6].

Melatonin, which has demonstrated anti-inflammatory and
antioxidant effects and is produced endogenously, has been
studied extensively and shown to exert anticancer effects in
multiple reports. Other findings indicate that melatonin pro-
motes autophagy and induces apoptosis, in addition to ex-
hibiting anticancer effects [7-9]. Currently, exogenous forms
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of melatonin are used as receptor agonists in pharmacological
treatments. Themost important characteristics of these phar-
macological agents that distinguish them frommelatonin are
their higher receptor affinity, their greater absorption, and
their longer half-life [10]. Ramelteon, a tricyclic synthetic
analog of melatonin, is used as a hypnotic agent for the treat-
ment of insomnia. Approved for use in 2005, this agent has
a higher affinity for melatonin receptor types 1a (MT1) and
1b (MT2) thanmelatonin [11]. Short- to intermediate-acting
Ramelteonbinds toMT1andMT2 receptors in the suprachi-
asmatic nucleus, the central circadian pacemaker [12]. Other
studies indicate that its half-life is approximately 1–2.6 hours,
which is longer than melatonin’s half-life of 30 minutes [13,
14]. Research findings indicate that Ramelteon also con-
tributes to memory development by increasing neuronal ac-
tivity during wakefulness [15]. In addition, Ramelteon has
been shown to reduce postoperative delirium, which is com-
monly encountered in elderly patients with esophageal cancer
[16]. Published studies have shown that Ramelteon reduces
the viability of neuroblastoma andprostate cancer cell lines by
50% [17]. Another study also suggests that Ramelteon, with
its melatonin-like activity, has the potential to be a candidate
for the treatment of recurrent endometrial cancer [18].
Although Ramelteon has been reported to be clinically reli-
able and to provide indirect benefits in oncology practice, and
the literature indicates its efficacy in certain cancer types, a de-
tailed review of these studies reveals that its effects on other
cancer types havenot yet been investigated. This study investi-
gates the effects of Ramelteon on several cancer types, includ-
ing ovarian, breast, colon, and prostate cancer.
In this context, we aimed to investigate the effect of
Ramelteon on ovarian, breast, colon, and prostate cancer cell
lines.

MATERIALS ANDMETHODS

Cell culture

The present study was conducted in the Department of
Physiology, Faculty of Medicine, Inonu University. Ovarian
(A2780), breast (MCF-7), colorectal (Caco-2), and prostate
(LNCaP) cancer cell lines were utilized in this study. The
cells weremultiplied under suitable conditions [19]. Cultures
weremaintained at 37°Cwith 5%CO2 in an incubator (Esco,
Singapore) and were provided with fresh media every three
days. When the cells became confluent, they were harvested
from the flasks using trypsin-EDTA and stained with 0.4%
trypan blue. The number of viable cells was determined by
counting using an inverted microscope, and the experiment
was initiated only when cell viability was 90% or greater [20,
21]. For the cell viability experiments, 1.5 × 105 cells were
plated into a 12 × 8–well plate. Following a 24-hour incuba-
tion period, the cells within the plate were exposed to culture
medium, dimethyl sulfoxide (DMSO), and Ramelteon. Post
hoc power analysis indicated a calculated power [1-beta] of

approximately 1, with a type I error (alpha) of 0.05, a sample
size of 10, and an effect size of 7.7 for cell viability.

MTT assay method
Following cell seeding,Ramelteonwas prepared in 1%DMSO
and added to thewells at final concentrations of 5 µM, 10µM,
25 µM, 50 µM, 100 µM, and 500 µM [17, 18]. The control
group received only the cells’ own medium, while the solvent
group received the samemedium containing 1%DMSO. The
cells were then incubated for an additional 24 hours, and cell
proliferation was determined using 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT). MTT pene-
trates the cell membrane of viable cells and, after various en-
zymatic reactions, is reduced to form a blue-violet product
[22, 23]. The MTT assay is employed for cell viability test-
ing precisely because this reaction is restricted to metaboli-
cally active cells. Spectrophotometric measurement of the re-
sultant color allows correlation of absorbance with the num-
ber of living cells. For analysis, MTT was dissolved in phos-
phate buffer of 0.5 mg/mL and sterilized via filter. Cell cul-
turemedia andRamelteonwere removed from the plates, and
50 µL of MTT solution was added to the wells, which were
then incubated for 3 hours. After incubation, theMTT solu-
tion was removed from the wells, and 100 µL of DMSO was
added [24, 25]. The light intensity from the cells in the wells
was measured at a wavelength of 550 nm using a BioTek Syn-
ergy HTX plate reader (Netherlands) [26]. The average ab-
sorbance values obtained from the controlwellswere accepted
as 100% viability, and the results were obtained by comparing
the absorbance value obtained from the control group with
the average [27]. The absorbance values obtained from the
ramelteon and solvent groups were also compared with the
control group to calculate the % cell viability [25]. The ex-
perimental design of the study is shown in Figure 1. These
study steps were repeated at least 10 times on different occa-
sions. After the effects of Ramelteon on cell viability were
determined by the MTT assay, the inhibitory concentration
50 (IC50) values of these compounds were calculated using
GraphPad Prism 8 software and subsequently used for the
Comet assay.

Single-cell gel electrophoresis comet assay methods
Comet analysis, also known as single-cell gel electrophore-
sis, is widely used to assess DNA damage (genotoxicity) [26].
Comet analysis was performed using the method developed
by Devlin et al. [27]. In the first step, microscope slides
were coated with 0.65% high-melting-point agarose prepared
in phosphate buffer and then incubated in the dark for one
day. Ramelteon at the determined IC50 concentrations was
prepared and used to incubate A2780, MCF-7, Caco-2, and
LNCaP cells. The cells were then spread onto slides prepared
with low-melting-point agarose, and the slides were covered
with coverslips. The protocol began by storing the prepared
slides in the dark at +4°C for 20−25 minutes. After remov-
ing the coverslips, the slides were lysed for 1 hour at +4 °C
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Figure 1. MTT and Comet Assay experimental design (DMSO: dimethyl sulfoxide, IC50: Inhibitory concentration 50, MTT: 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide)

in the dark using a cold lysis buffer (2.5 M NaCl, 100 mM
EDTA, 10mMTris, pH 10) containing 1%TritonX-100 and
10% DMSO. Post-lysis, the slides were placed in a horizon-
tal electrophoresis tank (Bio-Rad, USA) filled with cold elec-
trophoresis buffer, and electrophoresis was performed in the
dark. Neutralization was then carried out three times, for 5
minutes each, at+4 °Cusingneutralizationbuffer (0.4MTris,
pH 7.5). The slides were then stained with 50 μL of ethid-
ium bromide and incubated for 20–30minutes. Imaging was
performed using a Leica fluorescence microscope, and scor-
ing was performed with Comet IV software. At least 25 cell
images per slide were randomly selected for analysis, allowing
determination of head intensity and length, tail intensity and
length, and olive tail moment for each experimental group.
Analyzing the changes in these five parameters was key to as-
sessing the presence and degree of DNA damage [25]. Figure
1 shows the experimental design of the study.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics for
Windows, version 24.0 (Armonk, NY: IBMCorp.). Normal-
ity was confirmed by the Kolmogorov–Smirnov test. Based
on the study results, comparisons between groups were con-
ducted using a one-way ANOVA. When significant differ-
ences were identified among the groups, post hoc pairwise
comparisons were performed using the Bonferroni test. All
p-values < 0.05 were considered statistically significant. Based

on the MTT assay results, the IC50 values of Ramelteon for
all cell lineswere determinedusingGraphPadPrism8. Figures
for the study were generated using the BioRender platform.

RESULTS

Investigation of the effects of Ramelteon on cell viability

Cell viability (%) of cancer cell lines treated with Ramelteon
at different concentrations after 24 hours of incubation is
shown in Figure 2 and Table 1. Exposure of A2780 cells to
Ramelteon reduced cell viability compared with the control,
and this effect was most pronounced at 50, 100, and 500 µM
(p = 0.001) (Figure 2A). Similarly, 24-hour Ramelteon expo-
sure significantly decreased cell viability in theMCF-7 cell line
at all tested doses compared with the control (p = 0.001) (Fig-
ure 2B). As shown in Figure 2C, Ramelteon also reduced cell
viability in the Caco-2 cell line at all doses except the 5 μM
dose (p = 0.02). Furthermore, in LNCaP cells, a statistically
significant reduction in viability was observed at the higher
doses (100 and 500 µM) (p = 0.02) (Figure 2D). Addition-
ally, numerical data related to cell viability are presented in
Table 1. Table 2 summarizes the IC50 values determined by
theMTT assay for A2780,MCF-7, Caco-2, and LNCaP cells
after 24 hours of Ramelteon treatment. These IC50 findings
collectively demonstrate that Ramelteon reduces cell viability
by 50% in various cancer cell lines at the lowest tested concen-
tration (Table 2).
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Figure 2. Dose-dependent cell viability results of A2780, MCF-7, Caco-2 and LNCaP cells after 24 h incubation of Ramelteon agents. Each data point
is the average of 10 viability measurements. (*) shows p<0.05. (A, A2780 Cell Lines; B, MCF-7 Cell Lines; C, Caco-2 Cell Lines; D, LNCaP Cell Lines).

Figure 3. Comet assay images obtained from various cancer cells treated with Ramelteon.

Investigation of the effects of Ramelteon on DNA damage

The extent of DNA damage in cancer cell lines after
Ramelteon treatment was quantified using the Comet assay,
and the results are presented in Figures 3, 4 and Table 3. The
microscopic data (Figure 3) provide qualitative evidence that

Ramelteon induced comet formation in the cell lines. Comet
assay results showed that Ramelteon significantly increased
both head intensity (Figure 4A) and head length (Figure 4B)
in A2780, MCF-7, Caco-2, and LNCaP cells (p = 0.004). In-
terestingly, the critical DNA damage parameters tail intensity
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Figure 4. Comet assay obtained from various cancer cells treated with Ramelteon. (*) shows p<0.05.

Table 1. Cell viability results calculated for A2780, MCF-7, Caco-2 and
LNCaP cells after a 24-hour incubation with ramelteon compounds.

Cell Viability (%)

Groups A2780 MCF-7 Caco-2 LNCaP

Control 100.00±13.11 100.00±9.85 100.00±15.16 100.00±4.01
Solvent 94.94±13.05 93.94±6.62 95.23±5.12 96.51±10.59
5 µM 82.23±6.71 72.38±6.80* 78.80±14.38 102.30±8.84
10 µM 91.25±2.01 75.04±9.29* 67.96±12.46* 98.51±6.66
25 µM 85.36±11.89 77.83±8.30* 69.31±10.52* 95.13±8.87
50 µM 67.92±15.61* 73.59±13.63* 73.54±12.24* 83.40±7.57
100 µM 61.44±11.24* 60.06±12.28* 59.63±10.55* 77.86±2.51*
500 µM 8.83±1.93* 18.11±6.56* 56.86±10.01* 11.47±0.80*
Each data point is the average of 10 viability measurements. (*) shows p<0.05.

Table 2. IC50 (μM) concentrations calculated for A2780, MCF-7, Caco-2
and LNCaP cells in the GraphPad Prism 8 program of 24 h incubation of
compounds Ramelteon.

IC50 Concentrations

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP
114.8 111.3 186.6 205.2

(Figure 4C), tail length (Figure 4D), and olive tail moment
(Figure 4E) were assessed.
The tail moment (Figure 4E) was observed to decrease sig-
nificantly in all four cell lines following Ramelteon exposure
compared with the control (p=0.004). Additionally, numeri-

cal data related to DNA damage are presented in Table 3.

DISCUSSION
Studies concerning the antineoplastic effects of melatonin
and its analogues have proliferated recently [28]. The an-
ticancer potential of melatonin has been documented; this
stems from its ability to inhibit cancer cell proliferation, in-
duce apoptosis, and increase DNA damage [28]. Numerous
experimental studies have demonstrated that melatonin has
oncostatic effects in several cancers, including breast, ovar-
ian, prostate, oral, stomach, and colorectal cancer [29]. The
mechanisms involved include numerousmolecular pathways,
such as antioxidant activity, modulation of MT1 and MT2,
and control of crucial tumor behaviors. These behaviors in-
clude apoptosis, metabolism, angiogenesis, invasion, inhibi-
tion of metastasis, and induction of epigenetic alterations
[30-32]. Melatonin receptor agonists (such as Agomelatin,
Tasimelteon, and Ramelteon) are prominent not only are
significant therapeutic options for sleep disorders but also
for their antioxidant, anti-inflammatory, and antiprolifera-
tive effects [33]. In this context, Ramelteon, a selective ag-
onist of the MT1 and MT2 melatonin receptors, was re-
cently approved for the treatment of insomnia character-
ized by difficulty falling asleep [34]. A review of the liter-
ature revealed that Ramelteon reduced cell viability in neu-
roblastoma, prostate cancer [17], and endometrial cancer
cells, and that it exerted its effects via MT1/MT2 receptors
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Table 3. The extent of DNA damage in A2780, MCF-7, Caco-2 and LNCaP cancer cell lines head density, head length, tail density, tail length and olive
tail moment were calculated for each experimental group after Ramelteon treatment.

Head Intensity

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 2166.84±126.35 2136.180±181.74 2144.05±106.06 2577.52±98.03
Solvent 1941.62±190.47 1731.120±165.610 1827.41±98.22 1737.21±100.78
Effective Dose (IC50) 553.62±66.37* 494.240±44.110* 763.98±72.05* 727.12±36.45*

Head Length

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 107.75±1.7 120.880±7.37 104.96±2.88 120.24±3.29
Solvent 107.38±3.04 112.300±8.7 102.04±6.3 117.96±5.24
Effective Dose (IC50) 47.23±2.14* 36.45±1.75* 50.32±2.05* 43.84±2.92*

Tail Intensity

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 67.19 ±31.12 122.120±15.79 239.71±4.89 80.76±5.36
Solvent 73.04±32.17 112.200±14.65 219.78±8.27 92.38±6.28
Effective Dose (IC50) 1455.57±96.61* 1233.570±36.870* 1301.15±85.37* 1297.98±48.64*

Tail Length

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP
Control 19.12±4.52 21.16±4.49 31.34±7.3 24.75±3.31
Solvent 21.91±3.36 20.8±5.74 29.11±6.01 25.08±5.20
Effective Dose (IC50) 57.85±5.15* 64.61±4.14* 137.52±10.64* 108.50±5.74*

Olive Tail Moment

Ramelteon (µM) A2780 MCF-7 Caco-2 LNCaP

Control 2.23±0.9 4.91±1.13 8.88±1.99 3.36±1
Solvent 2.29±0.8 4.39±1.12 6.07±1.05 2.25±1.3
Effective Dose (IC50) 19.01±2.83* 12.62±2* 46.16±4.64* 36.65±4.84*

[18]. Studies have reported that Ramelteon exhibits ther-
apeutic effects on inflammation, apoptosis, oxidative stress
markers, and DNA damage [35, 36]. Ramelteon’s anticancer
mechanism primarily revolves around the drug’s agonistic
effect on melatonin receptors (MT1 and MT2), although
receptor-independent pathways have also been reported [37].
When MT1 and MT2 receptors are overexpressed in cancer
cells, Ramelteonbinding suppresses adenylate cyclase activity,
thereby reducing cyclic adenosine monophosphate levels and
slowing cell proliferation [18]. Furthermore, it has been sug-
gested that Ramelteonmay indirectly affect antioxidant path-
ways (e.g., the nuclear factor erythroid 2-related factor 2 sig-
naling pathway), thereby reducing oxidative stress and DNA
damage by exhibiting melatonin-like effects [38]. It has been
shown that at high concentrations, Ramelteon can directly
trigger mitochondrial dysfunction independent of the recep-
tor by disrupting the balance of the Bcl-2 family proteins, ac-
tivating apoptotic pathways, and thereby exerting cytotoxic
effects [39]. All of these mechanisms support Ramelteon’s
potential to regulate metastasis, angiogenesis, and the cell cy-
cle in different cancer cell types. Additionally, among other
literature data, it has been reported that Ramelteon reduces
cellular cytotoxicity in neuroblastoma cells in which an is-
chemic model has been established [35] and in which a neu-
rodegenerative disease model associated with mitochondrial

dysfunction and oxidative stress has been created [39, 40].
These preclinical findings necessitate a clinical re-evaluation
of Ramelteon’s effects in different disease models andmay ex-
pand opportunities to develop new strategies for drug repo-
sitioning and cost considerations. Thus, drugs in this class
may have synergistic effects with existing treatment regimens,
improve side-effect profiles, and increase patient tolerability
[5, 6]. In this regard, the existing literature is largely lim-
ited to toxicity and protective models and to studies using
a single cell line; the direct antitumor activity of Ramelteon
across different cancer types, in multiple human cell lines,
in dose-response analyses, and especially in vivo tumor mod-
els remains insufficiently elucidated. Our study aims to in-
vestigate the effects of Ramelteon on cell lines derived from
ovarian, breast, colon, and prostate cancers, which are among
the most common cancers from an epidemiological perspec-
tive. In conclusion, Ramelteon has been shown to reduce cell
viability significantly in ovarian, breast, colon, and prostate
cancer cell lines, and to exhibit protective effects on DNA
integrity, as demonstrated by comet assay analyses. In par-
ticular, the increase in head diameter and head density and
the decrease in tail length, tail density, and olive tail moment
suggest that Ramelteon exhibits both anti-cytotoxic and anti-
genotoxic profiles. In this context, considering our findings
alongside published literature, we predict that Ramelteon,
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which exhibits antioxidant and anti-inflammatory properties,
may also have anticancer properties and be a suitable can-
didate for cancer treatment. However, a more detailed un-
derstanding of the mechanisms of action and their valida-
tion in different in vivo models are necessary for the clinical
evaluation of Ramelteon’s anticancer potential. In this con-
text, Ramelteon’s current safety profile and pharmacokinetic
properties allow for the evaluation of the drug’s repositioning
strategy in oncological applications.

CONCLUSION
In our study, the antiproliferative and genotoxic effects of
Ramelteon, a melatonergic agonist, on four human cancer
cell lines (A2780, MCF-7, Caco-2, LNCaP) were evaluated
collectively for the first time. The findings revealed that
Ramelteon reduced cell viability in a dose-dependent man-
ner across all cell lines. Ramelteon has shown protective ef-
fects against genotoxicity by suppressing DNA damage. In
this context, our study demonstrates that Ramelteon exhibits
anti-cytotoxic and anti-genotoxic effects in different tumor
cell lines, suggesting that Ramelteon may be a potential ther-
apeutic agent for cancer treatment. However, in order to clar-
ify the mechanisms of this effect, comprehensive in vitro and
in vivo studies involving advancedmolecular-level analyses are
required.
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MAIN POINTS

• Ibuprofen-induced liver injury
caused hepatocyte degeneration,
sinusoidal dilatation, collagen
accumulation, and increased the
expression of TLR4, TGF-β, and
α-SMA.

• ALA treatment significantly reduced
TLR4 andα-SMA expression and al-
leviated sinusoidal dilatation and fi-
brosis, although its effect on TGF-β,
was limited.

• The therapeutic potential of ALA
lies in its ability to suppress inflam-
matory signaling and hepatic stel-
late cell activation, suggesting that
ALAmay serve as a protective strat-
egy against NSAID-induced liver fi-
brosis.
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ABSTRACT

Aim: Ibuprofen (IBU), a commonly used nonsteroidal antiinflammatory drug, may cause hepa-
totoxicity and fibrosis with prolonged or high-dose use. Alpha-lipoic acid a natural antioxidant,
has shown protective effects against oxidative stress and liver injury. The potential therapeutic
role of ALA in IBU-induced liver fibrosis was evaluated.
Materials and Methods: Thirty male Wistar Albino rats were divided into five groups (n = 6):
control, sham (corn oil), IBU (200 mg/kg by oral gavage for 21 days), IBU + ALA (IBU for 21 days
followed by ALA 100mg/kg by oral gavage for 7 days), and ALA (100mg/kg for 7 days). Liver tis-
sue was analyzed histopathologically with hematoxylin-eosin and Masson’s trichrome staining
and immunohistochemically for TLR4, TGF-β, and α-SMA expression. Data were analyzed using
GraphPad Prism 10, with normality assessed by Shapiro-Wilk, group comparisons by analysis of
variance or Kruskal-Wallis, and p < 0.05 considered significant.
Results: IBU caused significant hydropic degeneration, sinusoidal dilatation, and perivascular
collagen accumulation compared with controls (p<0.001). ALA treatment significantly reduced
sinusoidal dilatation (p<0.01) and perivascular fibrosis (p<0.001) significantly but had no signif-
icant effect on hydropic degeneration. Immunohistochemistry showed increased TLR4, TGF-β,
and α-SMA expression in the IBU group (p<0.001). ALA significantly decreased TLR4 (p<0.001)
and α-SMA (p<0.001), while reduction in TGF-β was not statistically significant.
Conclusion: Although ALA alleviates IBU-induced liver fibrosis by suppressing inflammatory sig-
naling (TLR4) and hepatic stellate cell activation (α-SMA), its effect on TGF-β-mediated fibrogen-
esis is limited. These findings suggest that ALAmay help prevent nonsteroidal anti-inflammatory
drug-induced liver injury, but further studies with longer treatment durations are needed.
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INTRODUCTION
Ibuprofen (IBU)was first introduced in theUnitedKingdom
in 1969 and became internationally available as a prescription
medication in the 1970s [1]. IBU is a nonsteroidal antiin-
flammatory drug that non-selectively inhibits cyclooxygenase
(COX) enzymes, thereby reducing prostaglandin synthesis.
This mechanism exerts anti-inflammatory, analgesic, and an-
tipyretic effects [2,3]. IBU is rapidly absorbed from the gas-
trointestinal tract at approximately 80%, reaching amaximum
plasma concentration within 1-2 hours after oral administra-
tion anddemonstrating 99%plasmaprotein binding. It isme-
tabolized in the liver and excretedby the kidneys, with an elim-
ination half-life ranging from 1.6 to 2.5 hours [4]. While IBU

is commonly used for musculoskeletal disorders, osteoarthri-
tis, and rheumatoid arthritis, high doses and long-term use of
international bitterness unit have been associated with hep-
atotoxicity, including drug-induced fibrosis [2,3,5]. There-
fore, liver fibrosis may develop secondary to chronic IBU-
related hepatic injury, impairing liver function through exces-
sive extracellular matrix accumulation [6].
Fibrosis is characterized by abnormal and excessive extracel-
lular matrix deposition during chronic tissue injury and rep-
resents a maladaptive wound-healing response extension [7].
Although initially protective, uncontrolled fibrosis disrupts
organ structure and function. Hepatocytes, hepatic stellate
cells, sinusoidal endothelial cells, and immune cells play ma-
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jor roles in the progression of fibrosis in the liver. Advanced fi-
brosis and cirrhosis are associated with severe vascular remod-
eling,which results in impairedhepatocyteperfusion and liver
dysfunction [8].

Natural compounds continue to attract increasing interest in
biomedical research, as approximately 80% of the global pop-
ulation relies on natural or traditional medicines for health
care purposes [9]. Alpha-lipoic acid (ALA) was first iden-
tified in the 1930s and later isolated from liver tissue in the
1950s as a thiol-containing molecule with strong antioxidant
characteristics [10-12]. ALA is considered a potent antioxi-
dant and mitochondrial cofactor with notable antiinflamma-
tory properties [13]. It is naturally present in various vegeta-
bles and is particularly abundant in mitochondria-rich ani-
mal tissues such as the liver, heart, and kidneys [14,15]. In
addition, all anatomical parts of plants contain polypheno-
lic compounds, particularly flavonoids, which constitute ap-
proximately 60% of naturally occurring polyphenols and dis-
play diverse pharmacological activities [16]. Multiple studies
have demonstrated the therapeutic benefits of ALA in condi-
tions such as diabetes, atherosclerosis, neurodegenerative dis-
eases, joint disorders, and AIDS [17]. ALA exerts hepato-
protective effects by decreasing oxidative stress through free
radical scavenging and regenerating endogenous antioxidants,
thereby preventing cellular injury and maintaining hepatic
function [18].

Toll-like receptor 4 (TLR4) and transforming growth factor-
beta (TGF-β) signaling pathways play key roles in liver fibro-
genesis. TLR4 contributes to hepatic injury under certain
pathological conditions, such as alcoholic and non-alcoholic
fatty liver disease, but its inactivation does not reduce injury
in bile duct ligation or CCl4-induced fibrosis models [14, 19-
21]. TGF-β is a major fibrogenic cytokine that activates hep-
atic stellate cells (HSCs) through the TGF-β/Smad pathway,
leading to myofibroblast transformation and excessive extra-
cellular matrix production [22-25]. Additionally, TGF-β in-
teractswithNotch,Wnt/β-catenin, andYAP/TAZpathways,
further amplifying inflammation, cellular injury, and fibrosis
progression [26-29]. HSCs, located in the space of Disse, lose
stored vitamin A during activation and begin expressing α-
smooth muscle actin (α-SMA), producing large amounts of
extracellular matrix [30-33].

In this study, liver fibrosis will be experimentally induced in
rats by high-dose IBU administration, and the potential ther-
apeutic effects of ALA on this fibrotic process will be in-
vestigated. Histopathological evaluations and immunohis-
tochemical analyses will be performed to assess morphologi-
cal and cellular responses. This study aimed to comprehen-
sively evaluate the ability of alpha-lipoic acid to attenuate
IBU-induced hepatic injury and fibrosis.

MATERIALS ANDMETHODS
Animals and the experimental protocol

This study was conducted at the Kirsehir Ahi Evran Univer-
sity Experimental Research Center. Procurement, care, and
experimental modeling of the animals were conducted in the
same center. The Kirsehir Ahi Evran University Local Ani-
mal Experiments Ethics Committee approved the experimen-
tal studies prior to their initiation (Approval number: 5/10,
Date: 06/03/2025). A total of 30 male Wistar Albino rats,
weighing 220 ± 20 g were used in this study. Before and dur-
ing the experiment, the animals were housed under a 12-hour
light/12-hour dark cycle at a constant temperature of 22-24
°C. Standard pellet chow and tap water were provided ad li-
bitumwithout any restriction. Animal experiments were per-
formed according to theAnimalResearch: Reporting InVivo
Experiments guidelines.

Experimental groups and treatments used

The animals were randomly assigned to 5 groups using simple
randomization, each consisting of 6 rats [34].
Group 1 (control group): No procedure was applied to this
group for 4 weeks.
Group 2 (sham group): Corn oil, which was used as the sol-
vent for ALA, was administered to the rats by oral gavage for
4 weeks.
Group 3 (IBU group): The rats received 200 mg/kg IBU [35]
by oral gavage for 21 days, followed by a 7-day drug-free pe-
riod.
Group 4 (IBU + ALA group): The rats received 200 mg/kg
IBU for 21 days, followed by oral administration of 100
mg/kg ALA for 7 days [36].
Group 5 (ALA group): No procedure was performed on the
rats during the first 21 days. For the last 7 days, 100 mg/kg
ALA was administered orally.
At the end of the study, the rats were anesthetized with xy-
lazine (10mg/kg, intraperitoneally) and ketamine (60mg/kg,
intraperitoneally), tissue samples were collected, and the ani-
mals were sacrificed by cervical dislocation. Liver tissue were
dissected under deep anesthesia. A portion of the liver tissue
was fixed in formaldehyde for histopathological and immuno-
histochemical evaluations.

Histopathological evaluation of the liver

Tissue samples from each experimental group were preserved
in 10% formaldehyde solution for histological examination.
After 72 h in formaldehyde, the tissues were rinsed with
running tap water, processed through a series of increas-
ing alcohols, and cleared with xylene. Subsequently, they
were embedded in paraffin, and paraffin blocks were formed.
Polylysine-coated slides were used to mount 5-μm sections
of the blocks. The prepared slides were then paraffin-free
with xylene using a standard histological staining process,
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Figure 1. Light microscopic findings in rat liver tissue. (Nikon Eclipse Si, Tokyo, Japan,X200 and X400). The IBU group of HE stained histological
section is shown as hydropicdegeneration (blue arrow), sinusoidal dilatation (red star). 1B. Light microscopic findings inrat liver tissue. (Nikon Eclipse
Si, Tokyo, Japan, X200 and X400). The IBU group of MTstained histological section is shown as perivascular fibrosis (green arrow).

passed through a graded alcohol series (100%, 96%, 80%,
70%, and 50%), and rinsed in water. The sections were
stainedwith hematoxylin and eosin (H&E) to detect the over-
all histopathological structure, andMasson’s trichrome (MT)
was used to assess connective tissue collagen development.
Theywere run through a rising alcohol series, then xylene, and
finally covered with a coverslip after dropping entella. They
were examined under a light microscope (Nikon Eclipse Si,
Tokyo, Japan). The liver tissue was examined for hydropic
degeneration, sinusoidal dilatation, and perivascular fibrosis.
Each criterion obtained a semi rating on a scale of 0 to 3 (0
=none, 1 = mild, 2 = moderate, and 3 = severe).

Liver immunohistochemical evaluation
The immunohistochemical staining method is performed
by linking a marker with specialized antigenic identification
characteristics to the cell surface. In this study, we examined
the immunohistochemical expression of TLR4, TGF-β and

α-SMA in liver tissue from rats with IBU-induced liver fibro-
sis model. TLR4 (Proteintech; Cat No. 19811-1 AP, 1:400),
TGF-β (Proteintech, Cat No. 21898-1 AP, 1/250) and α-
SMA (Proteintech, Cat No. 80008-1RR) primary antibod-
ies were used at specific dilutions for the identified markers.
The streptavidin-biotin kit (Ultravision Polyvalent (Rabbit-
Mouse), Horseradish Peroxidase (HRP) Kit, 125 ml from
Thermo Fisher Scientific (Waltham, Massachusetts, USA)
was used to apply the avidin-biotin peroxidase method for
the immunohistochemical staining method. The sections on
polylysine slides were deparaffinized in xylene, dehydrated by
maintaining them in each of the decreasing alcohol series, and
then kept in distilled water for immunohistochemical stain-
ing. Subsequently, the sections were boiled in a microwave
oven at 600Wwith citrate buffer for antigen retrieval, washed
again with phosphate-buffered saline (PBS), and treated with
3% hydrogen peroxide (H2O2) to inhibit endogenous per-
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Figure 2. Graphical representation of hydropic degeneration in rat liver tissue groups. *;p&lt;0.05, **; p&lt;0.01, ***; p&lt;0.001. Values are represented
as mean ± SD using ANOVA andKruskal-Wallis followed as a post-hoc test Bonferroni and Dunn’s test, respectively. 2B.Graphical representation of
sinusoidal dilatation in rat liver tissue groups. *; p&lt;0.05, **;p&lt;0.01, ***; p&lt;0.001. Values are represented as mean ± SD using ANOVA and
Kruskal-Wallis followed as a post-hoc test Bonferroni and Dunn’s test, respectively.

Figure 3. Graphical representation of perivascular fibrosis in rat liver
tissue groups. *;p&lt;0.05, **; p&lt;0.01, ***; p&lt;0.001. Values are rep-
resented as mean ± SD using ANOVA andKruskal-Wallis followed as a
post-hoc test Bonferroni and Dunn’s test, respectively.

oxidase activity. Block serum was then applied to the non-
antigenic areas for 10 min at room temperature. The tissues
in the preparations were covered with the prepared primary

antibody, which was then incubated at +4°C overnight. Af-
ter washing, the sections were treated with a secondary anti-
body, including biotin. Tomake immunoreactivity apparent,
the sections were next coated with diaminobenzidine (DAB)
substrate (Diaminobenzidine chromogen and substrate sys-
tem, 125 ml from Thermo Fisher Scientific (Waltham, Mas-
sachusetts, USA). Liver sections stained with immunohisto-
chemistry were examined under a light microscope, and mi-
croscopic images of a number of randomly chosen areas were
obtained. The immunoreactivity intensity of the markers
that appeared in the images was measured using ImageJ soft-
ware. The total immunoreactivity was evaluated using the
color thresholding feature of ImageJ.

Statistical analysis
All statistical analyses were performed using GraphPad Prism
version 10. The Shapiro–Wilk test was used to assess the
normality of the data distribution. For comparisons among
multiple groups, one-way analysis of variance or the Kruskal-
Wallis testwas performeddepending on the distribution char-
acteristics. Post hoc analyses were performed using the Bon-
ferroni test following analysis of variance and the Dunn test
following Kruskal–Wallis analysis. Data are presented as
mean ± SD and median (Q1-Q3). A p-value < 0.05 was con-
sidered statistically significant.

RESULTS
Light microscopy findings
Figure 1 illustrates 2 different scale levels (X20 and X40), and
H&E staining was used to evaluate liver histology in differ-
ent groups. In the control group, hepatocytes in the liver tis-
sue were coordinated with the central vein, maintaining the
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Figure 4. Immunohistochemical light microscopic findings of TLR-4, TGF-β and α-SMAmarkers in rat liver tissue of all groups. (Nikon Eclipse Si,
Tokyo, Japan, X400). Browncolored areas with DAB indicate positivity.

Figure 5. Graphical representation of TLR-4 (A), TGF-β (B) and α-SMA (C) markersreactivity of rat liver tissue groups. *; p&lt;0.05, **; p&lt;0.01, ***;
p&lt;0.001. Values arerepresented as mean ± SD using ANOVA and Kruskal-Wallis followed as a post-hoc testBonferroni and Dunn’s test, respectively.

Table 1. Liver histopathological scores in experimental groups.

Liver Histoscore Control SHAM IBU ALA IBU+ALA p value
(n=6) (n=6) (n=6) (n=6) (n=6)

Hydropic Degeneration 0.0 (0--1) 0.5 (0--2) 3.0 (2--3) *** 1.0 (0--1) 1.0 (0--3) <0.001
Sinusoidal Dilatation 0.0 (0--1) 0.0 (0--1) 3.0 (2--3) *** 0.0 (0--1) 1.0 (0--2) ** <0.001
Perivascular Fibrosis 0.0 (0--1) 0.0 (0--1) 3.0 (2--3) *** 0.0 (0--1) 0.0 (0--1) *** <0.001
Values are expressed as median (min–max). Statistical analyses were performed using ANOVA and Kruskal–Wallis tests, followed by Bonferroni and Dunn’s post-hoc
analyses. *** p<0.001 vs Control and SHAM. ** p<0.01 vs IBU.

cord structure. Sinusoids were clearly visible, and the liver tis-
sue had a normal histological composition. The sham group
had an identical structure to the control group, but there

was slight vacuolization. The general structure of the ALA
group was similar to that of the control group. In the IBU
group, hepatocytes exhibited rich cytoplasmic transparency
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Table 2. Immunoreactivity intensity of fibrosis markers in experimental groups.

Immunreactivity Control SHAM IBU ALA IBU+ALA p value
Intensity (n=6) (n=6) (n=6) (n=6) (n=6)

TLR-4 76.17 ± 4.79 74.67 ± 3.86 95.02 ± 5.33 83.22 ± 10.07 74.69 ± 6.38 <0.001
TGF-β 72.69 (64.33--82.22) 75.79 (64.90--88.65) 89.90 (86.20--104.7) 75.65 (64.99--84.45) 79.73 (67.82--86.71) <0.001
α-SMA 83.67 ± 2.70 78.07 ± 3.35 95.57 ± 4.91 81.54 ± 5.49 80.79 ± 5.08 <0.001
Values are expressed as mean ± SD or median (min–max). Statistical analyses were performed using ANOVA and Kruskal–Wallis followed by Bonferroni and Dunn’s
post-hoc tests. TLR-4: IBU group showed significantly higher values compared with Control and SHAM (***p<0.001). IBU+ALA group showed a significant reduction
compared with IBU (**p<0.01). TGF-β: IBU group was significantly higher than Control and SHAM (***p<0.001). No significant difference between IBU and IBU+ALA
groups (p>0.05). α-SMA: IBU group showed significantly higher values compared with Control and SHAM (***p<0.001). IBU+ALA group showed a significant reduction
compared with IBU (***p<0.001).

and hydropic degeneration, represented as ballooned cells. In
this group, hydropic degeneration showed a statistically sig-
nificant increase compared to the Control (p<0.001), Sham
(p<0.001) and ALA (p<0.001) groups. ALA treatment re-
duced this score compared with the IBU group, but this de-
crease was not significant (p>0.05) (Figures 1 and 2A)
(Table 1).
The IBU group exhibited considerable sinusoidal dilatation.
The outcome was significantly higher in the IBU group
than in the Control (p<0.001), Sham (p<0.001), and ALA
(p<0.001) groups. ALA treatment reduced this score com-
pared with the IBU group, and the decrease was statistically
significant (p<0.01) (Figures 1 and 2B) (Table 1).
MT staining was used to demonstrate the accumulation of
collagen in the tissue. As shown in Figure 1B, an increase in
connective tissue was observed in the perivascular section in
the IBU group. This boost was especially noteworthy com-
pared to the Control (p<0.001), Sham (p<0.001), and ALA
(p<0.001) groups. The perivascular fibrosis score dropped
significantly in the IBU+ALAgroup comparedwith the IBU
group (p<0.001) (Figure 3; Table 1).

Immunohistochemical findings

When TLR4 reactivity in liver tissue was examined between
groups, the Control, Sham, and ALA groups showed mini-
mal reactivity, whereas TLR4 reactivity was noticeable in the
portal areas and vascular walls in the IBU group (Figure 4).
TLR4 reactivity was statistically significantly stronger in the
IBU group than in the Control (p<0.001), Sham (p<0.001),
and ALA (p<0.001) groups. In other words, with ALA treat-
ment, the TLR4 intensity was significantly diminished com-
pared to the IBU group (Figure 5A) (Table 2).
The control, sham, and ALA groups displayed low TGF-
β reactivity when compared to the IBU group, which had
particularly high levels in hepatocytes surrounding the sinu-
soidal and portal areas (Figure 4). The IBU group had signifi-
cantly higher TGF-β reactivity than the Control (p<0.001),
Sham (p<0.001), and ALA (p<0.001) groups at the same
time. Compared with the IBU group, ALA treatment less-
ened TGF-β intensity, although this difference was not statis-
tically significant (p>0.05) (Figure 5B) (Table 2).

The analysis of liver tissue α-SMA levels revealed weak expres-
sion in the control, sham, and ALA groups, but α-SMA posi-
tivity was identified in the IBU group, especially in the vessels
(Figure 5). The IBU group demonstrated significantly higher
α-SMA reactivity compared to the Control (p<0.001), Sham,
(p<0.001) and ALA (p<0.001) groups. In the IBU+ ALA
group α-SMA reactivity was significantly reduced compared
with that in the IBU group (p<0.001) (Figure 5C) (Table 2).

DISCUSSION
IBU administration caused marked hepatocellular injury,
including hydropic degeneration, sinusoidal dilation,
and increased perivascular collagen accumulation. These
histopathological changes were accompanied by significant
increases in TLR4, TGF-β, and α-SMA immunoreactivity,
indicating the activation of inflammatory and fibrotic
pathways. Overall, these findings confirm that prolonged
exposure to IBU damages hepatocytes and triggers fibrosis-
associated signaling.
Alpha-lipoic acid treatment notably improved IBU-induced
liver injury. Reductions in sinusoidal dilatation, perivascu-
lar collagen deposition, and TLR4 and α-SMA expression
suggest that ALA protects the liver through multiple mech-
anisms. Although the decrease in TGF-β reactivity was not
statistically significant, the downward trend indicates partial
modulation of profibrotic activity. These results suggest that
ALA attenuates IBU-mediated liver toxicity by targeting ox-
idative stress, inflammatory signaling, and fibrogenesis. ALA
acts as a potent antioxidant, modulates NF-κB-dependent in-
flammatory cascades, and inhibits hepatic stellate cell activa-
tion [35]. Our findings support this multilevel hepatoprotec-
tive effect.
The histopathological changes align with those reported in
previous studies. Panchal et al. (2022) observed portal in-
flammation, hepatocyte degeneration, central vein conges-
tion, and neutrophil infiltration after exposure to IBU. Pro-
tective effects were observed with T. zeylanicus extract or sily-
marin [37]. Similarly, Gola et al. (2013) reported mild si-
nusoidal degeneration after 6 h of acute hypobaric hypoxia,
which progressed to moderate dilation and vascular conges-
tion after 24 h [38]. Kravchuk et al. (2004) found that ALA
reduced fatty degeneration and inflammatory changes in alco-
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holic hepatitis, while fibrotic changes stabilized or decreased
[39]. These studies support our findings and highlight the
protective potential ofALA against drug-induced liver injury.
Perivascular collagen accumulation, assessed with Masson’s
trichrome staining, increased significantly in the IBU group,
whereas ALA markedly reduced it. The TGF-β pathway,
a key fibrosis driver, promotes hepatic stellate cell transdif-
ferentiation into myofibroblasts via Smad-dependent and -
independent pathways, enhances extracellular matrix synthe-
sis, and sustains fibrogenesis through positive feedback [23,
24, 36]. The rise in TGF-β in the IBU group aligns with this
mechanism. ALA reducedTGF-β levels, although not signifi-
cantly, suggesting a limited effect onTGF-β-mediatedfibrosis.
TLR4 links inflammation and fibrosis from an immune per-
spective. TLR4 is expressed in Kupffer cells, hepatocytes, and
HSCs and recognizes PAMPs and DAMPs, triggering proin-
flammatory cytokine production [21]. TLR4 activation also
sensitizes HSCs to TGF-β-induced fibrosis [40]. Elevated
TLR4 expression in the IBU group supports the role of mi-
crobial and endogenous triggers in fibrosis. The significant
reduction inTLR4withALA suggests suppression of inflam-
matory signaling and slowed fibrosis progression.
α-Smooth muscle actin (α-SMA) is a key marker of HSC ac-
tivation. α-SMA rises during HSC transdifferentiation into
myofibroblast-like cells, reflecting collagen-producing activity
[30, 31]. IBU significantly increased α-SMA positivity, con-
firming HSC activation. ALA significantly reduced α-SMA,
indicating suppression ofHSC activation and limited fibrotic
matrix deposition.
Overall, ALA provides multilevel hepatoprotection against
IBU-induced liver injury through its combined antioxidant,
antiinflammatory (via TLR4/NF-κB), and antifibrotic ef-
fects. This underscores its potential as a therapeutic adju-
vant to mitigate NSAID-related hepatotoxicity. Future stud-
ies using oxidative stress markers, gene expression analysis,
anddose-response evaluationswill clarify the translational po-
tential of this study in clinical settings.

Limitations

The current study provides important evidence for the hep-
atoprotective effects of alpha-lipoic acid against IBU-induced
liver injury, although several limitations should be noted. The
acute animal model may not fully replicate the complex pro-
gression of chronic liver fibrosis seen in clinical cases, po-
tentially limiting the translational relevance of the findings.
While ALA significantly suppressed key fibrotic markers, in-
cluding TLR4 and α-SMA, its more modest effect on TGF-
β signaling suggests that it may not completely block all fi-
brotic pathways. The absence of functional liver tests rep-
resents another limitation, as incorporating biochemical pa-
rameters, such as ALT and AST levels, could have strength-
ened the correlation between histological findings and ac-
tual liver function. Additionally, the study’s single-dose de-

sign leaves questions unanswered regarding potential dose-
dependent effects and the optimal therapeutic regimen. The
exclusive use of an animal model also introduces uncertain-
ties about human applicability due to known species differ-
ences in drug metabolism and fibrotic responses. These lim-
itations highlight important areas for future investigation to
better establish ALA’s potential clinical utility in preventing
drug-induced liver fibrosis while not diminishing the value of
the current findings.

CONCLUSION
Our findings demonstrate that ALA exerts a notable ther-
apeutic effect on IBU-induced liver fibrosis, particularly in
inflammatory (TLR4) and HSC activation (α-SMA) mark-
ers, while its impact on TGF-β-mediated fibrogenesis appears
more limited. Given the pathophysiological interplay be-
tween TGF-β, TLR4, and α-SMA in the literature, the differ-
ential effects of ALA on these pathways highlight the impor-
tance of targeted combination therapies in treatment strate-
gies.
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MAIN POINTS

• The largest series of PCA from
Türkiye (n = 116, histopathologically
confirmed).

• DLEwas themost common (60.3%),
followed by LPP (28.4%); FFA was
rare (4.3%).

• DLE showed basement membrane
thickening and dermal mucin;
whereas LPP showedsebaceous
gland atrophy and epidermal
hypertrophy.

• Clinicopathological correlation is
essential for accurate diagnosis.
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Primary cicatricial alopecia subtypes:
Clinical and histopathological pat-
terns in a large Turkish cohort. Ann
Med Res. 2026;33(6):261--266. doi:
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ABSTRACT

Aim: Primary cicatricial alopecias (PCAs) are a group of rare dermatological disorders char-
acterized by irreversible destruction of hair follicles due to inflammatory processes, leading to
permanent hair loss. The diagnostic process is often delayed because of nonspecific clinical
presentation and overlapping histopathological features. This study aimed to analyze the clini-
cal and histopathological characteristics of PCA subtypes diagnosed in a tertiary dermatology
clinic in Türkiye over a 17-year period.
Materials and Methods: A retrospective analysis was conducted on 116 cases of histopatho-
logically confirmed PCA between January 2008 and January 2025. Clinical diagnoses included
discoid lupus erythematosus (DLE), lichen planopilaris (LPP), frontal fibrosing alopecia (FFA),
pseudopelade of Brocq (PPB), and folliculitis decalvans (FD). Histopathological features were
systematically reviewed and statistically analyzed using the Statistical Package for the Social
Sciences version 25.0.
Results: The most frequent subtype was DLE (60.3%), followed by LPP (28.4%). DLE was asso-
ciated with basal membrane thickening (82.9%) and dermal mucin deposition (71.4%), whereas
LPP showed higher rates of sebaceous gland loss (51.5%) and interface dermatitis (54.5%).
FFA exhibited overlapping features with LPP, including 100% basal cell degeneration. Statisti-
cally significant associations were found between specific histopathological patterns and clini-
cal subtypes.
Conclusion: This study provides one of the comprehensive PCA datasets in Türkiye, highlighting
distinct histopathological patterns associated with specific clinical subtypes. These findings
underscore the importance of clinicopathological correlation in PCA diagnosis and contribute
valuable data for improving diagnostic accuracy and patient management.

Keywords: Cicatricial alopecia, Lichen planopilaris, Discoid lupus erythematosus,
Histopathology, Scalp diseases
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INTRODUCTION

Primary cicatricial alopecias (PCAs) are rare dermatological
disorders that cause irreversible damage to the hair follicle and
the surrounding structures due to inflammatory processes.
The epithelial stem cells of the hair follicle are irreversibly de-
stroyed, and their replacement by fibrous tissue leads to per-
manent hair loss. Psychological distress and reduced qual-
ity of life are associated with PCAs [1,2]. The prevalence
of PCAs among all patients presenting to dermatology out-

patient clinics is approximately 0.09% [1], and they consti-
tute 2.1%–7.3% of all hair diseases [3–5]. This disease group
exhibits a complex etiopathogenesis and a variable clinical
course.

Although different classification systems have been pro-
posed for PCAs, the North American Hair Research So-
ciety (NAHRS) classification is the most widely accepted
model, which categorizes PCAs according to the predomi-
nant inflammatory infiltrate observed in histopathology. Ac-
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cording to this classification, PCAs are classified into 4
main groups. The lymphocyte-predominant group includes
patients with discoid lupus erythematosus (DLE), lichen
planopilaris (LPP) and its subtypes, pseudopelade of Brocq
(PPB), and central centrifugal cicatricial alopecia (CCCA).
The neutrophil-predominant group includes folliculitis de-
calvans (FD) and dissecting cellulitis (DC). The third group,
which shows mixed inflammatory cell infiltrates, includes
acne keloidalis nuchae (AKN). Cases that do not show a spe-
cific inflammatory cell type are classified as nonspecific [6].
The diagnosis of PCAs can be challenging for both derma-
tologists and pathologists, particularly when patients present
at advanced stages in which histopathological characteris-
tics may no longer be specific. Therefore, early diagnosis
largely depends on the combined evaluation of clinical find-
ings and histopathological data [7]. Although many studies
have investigated the distribution of PCA subtypes and their
histopathological features in different geographical regions,
case series from Türkiye remain limited. This retrospective
study aimed to examine the demographic characteristics, clin-
ical subtypes, and histopathological features of patients who
presented to the dermatology outpatient clinic of a tertiary
healthcare center and were definitively diagnosed with PCA
based on clinical and histological findings. In addition, this
study aims toprovide local epidemiological data thatmay sup-
port diagnostic processes.

MATERIALS ANDMETHODS

In this study, the clinical and histopathological characteristics
of patients diagnosed with cicatricial alopecia who presented
to the dermatology outpatient clinic of a tertiary healthcare
center between January 2008 and January 2025 were eval-
uated. A total of 119 patients were evaluated histopatho-
logically; however, 3 patients were excluded due to missing
histopathology slides and incomplete demographic data that
prevented accurate classification. Consequently, 116 patients
with confirmed histopathological diagnoses were included in
the final analysis.
This was a descriptive, non-interventional study based on a
retrospective review of existing patient records. In retrospec-
tive studies, the sample size depends on the suitability of the
available records rather than the researchers’ choice. Studies
with similar designs can be conducted with smaller samples
[8]. Therefore, in this study, the sample size was determined
based on the accessible clinical records belonging to the study
period.
The study was approved by the Atatürk University Non-
Interventional Clinical Research Ethics Committee (date:
27.06.2025, decision no: 64). The principles of the Decla-
ration of Helsinki were adhered to throughout the study; pa-
tient confidentiality was maintained, data were anonymized,
and no identifying information was recorded. Clinical pho-
tographs were included with written informed consent and

anonymized to ensure patient confidentiality. No age or sex
restrictions were applied.
In our clinic, scalp biopsies are performed in patients with
suspected cicatricial alopecia in the presence of clinical ambi-
guity, cases requiring differential diagnosis, such as suspected
discoid lupus erythematosus, atypical or early-stage lichen
planopilaris/pseudopelade of Brocq lesions, or lesions that are
refractory to treatment.
The inclusion criteriawere as follows: presentation to the der-
matology outpatient clinic between January 2008 and Jan-
uary 2025 and confirmation of the clinical diagnosis of cica-
tricial alopecia by dermatopathological evaluation. Patients
without adefinitive diagnosis orwith incomplete recordswere
excluded from the study.
Dermatology clinic researchers retrospectively collected data
using the hospital information management system, pathol-
ogy reports, and clinical examination notes. For each patient,
age, sex, year of diagnosis, clinical diagnosis (LPP, FFA, DLE,
and PPB), and histopathological findings (epidermal atrophy
and hypertrophy, follicular plugging, basal cell degeneration,
basement membrane thickening, interface dermatitis, dermal
mucin deposition, and sebaceous gland atrophy)were system-
atically recorded.
The studywas conducted and reported in accordancewith the
STROBE guidelines.

Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics
version25.0 (Armonk,NY: IBMCorp.). Descriptive statistics
included mean, median, standard deviation, and percentage
distributions. Pearson’s Chi-square test was used for compar-
isons between subgroups for categorical variables. The likeli-
hood ratio and linear-by-linear association tests were applied
when appropriate. A p-value of <0.05 was considered statis-
tically significant.

RESULTS

Among the 116CAS included in the study, 51.7%were female
(n = 60) and 48.3%weremale (n = 56). most patients (52.6%)
were aged between 31 and 50 years. When analyzed according
to the year of diagnosis, 52.6% of the cases was diagnosed in
2020 or later.
Regarding clinical subtypes, the most common diagnosis was
DLE with 60.3%, followed by LPP with 28.4%. Frontal FFA
(4.3%), PPB (3.4%), FD (1.7%), and unclassified cases (1.7%)
were observed less frequently. Figure 1 shows representative
clinical photographs illustrating the characteristic features of
the subtypes.
A statistically significant association was found between sex
and clinical diagnosis (p = 0.048). LPP was more common
in men, whereas FFA and PPB were detected only in women.
No significant association was found between age groups and
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Table 1. Demographic characteristics of the participants and distribution of clinical diagnoses.

Variable DLE LPP FD PPB FFA Unclassified p-value χ² d(n=70) (n=33) (n=2) (n=4) (n=5) (n=2)

Sex 0.048* 10.689 5

Male 34 (48.6%) 19 (57.6%) 0 1 (25%) 0 2 (100%)
Female 36 (51.4%) 14 (42.4%) 2 (100%) 3 (75%) 5 (100%) 0

Age Group 0.647 7.809 10

≤30 14 (20%) 6 (18.2%) 1 (50%) 2 (50%) 2 (40%) 0
31--50 36 (51.4%) 18 (54.%5) 1 (50%) 1 (25%) 3 (60%) 2 (100%)
≥51 20 (28.6%) 9 (27.3%) 0 1 (25%) 0 0

Distribution by Year 0.014* 22.211 10

2008-2013 9 (12.9%) 5 (15.2%) 0 1 (25%) 0 0
2014-2019 32 (45.7%) 3 (9.1%) 0 3 (75%) 1 (20%) 1 (50%)
≥2020 29 (41.4%) 25 (75.8%) 2 (100%) 0 4 (80%) 1 (50%)

Table 2. Histopathological findings by clinical diagnosis groups.

Histopathological Features DLE LPP Folliculitis decalvans PPB FFA p χ² d

Epidermal atrophy 39 (55.7) 18 (54.5) 0 (0.0) 4 (100.0) 2 (40.0) 0.286 6.212 5
Epidermal hypertrophy 2 (2.9) 7 (21.2) 0 (0.0) 0 (0.0) 0 (0.0) 0.038* 11.789 5
Follicular plugging 38 (54.3) 13 (39.4) 2 (100.0) 0 (0.0) 3 (60.0) 0.073 10.073 5
Basal cell degeneration 54 (77.1) 25 (75.8) 0 (0.0) 0 (0.0) 5 (100.0) <0.001* 23.873 5
Basement membrane thickening 58 (82.9) 13 (39.4) 0 (0.0) 0 (0.0) 0 (0.0) <0.001* 40.943 5
Interface dermatitis 29 (41.4) 18 (54.5) 0 (0.0) 0 (0.0) 3 (60.0) 0.225 6.941 5
Mucindeposition dermis 50 (71.4) 1 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) <0.001* 54.521 5
Sebaceous gland loss 14 (20.0) 17 (51.5) 2 (100.0) 4 (100.0) 3 (60.0) 0.002* 24.630 5

Figure 1. Representative clinical images of primary cicatricial alopecia
subtypes: A) discoid lupus erythematosus: atrophic, scarring, erythe-
matous alopecic plaques; B) Lichen planopilaris: perifollicular erythema
and scaling; C) frontal fibrosing alopecia: frontal hairline recession and
eyebrow loss; D) pseudopelade of Brocq: scarring alopecic patches lack-
ing erythema; E) folliculitis decalvans: tufted appearance characterized
by pustules, crusting, and multiple hairs emerging from single follicular
openings.

clinical diagnoses (p = 0.647). Of the LPP cases, 75.8%was di-
agnosed in 2020 or later. A statistically significant association
was found between the year of diagnosis and clinical subtypes
(p = 0.014). Table 1 presents the demographic characteristics
of the participants and the distribution of clinical diagnoses.

The most frequently observed histopathological findings
were basal cell degeneration (72.4%), basement membrane
thickening (61.2%), epidermal atrophy (55.2%), and follicu-
lar plugging (48.3%).
Differences were observed in the distribution of histopatho-
logical findings among PCA subtypes. Changes were present
in both epidermal and dermal structures in DLE cases, in-
cluding basement membrane thickening (82.9%), mucin de-
position (71.4%), and basal cell degeneration (77.1%). Basal
cell degeneration (75.8%), epidermal atrophy (54.5%), inter-
face dermatitis (54.5%), and sebaceous gland atrophy (51.5%)
were predominant in LPP. In addition, basement membrane
thickening was less frequent in LPP (39.4%) than in DLE. In
FFA cases, basal cell degeneration was present in all patients
(100%). Other common findings included follicular plug-
ging (60%), interface dermatitis (60%), and epidermal atrophy
(40%) (Table 2).
Basal cell degeneration was significantly more frequent in
both the LPP and DLE groups (p<0.001). Sebaceous gland
atrophy and epidermal hypertrophy were also significantly
more common in the LPP group (p = 0.002 and p = 0.038, re-
spectively). In contrast, basement membrane thickening and
mucindepositionwere significantlymore frequent in patients
with DLE (both p<0.001). No statistically significant differ-
ences in epidermal atrophy (p = 0.286), interface dermatitis
(p = 0.225), or follicular plugging (p = 0.073) were observed
among the groups.
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DISCUSSION
This study constitutes one of the comprehensive series ad-
dressing the histopathological features of PCAs in Türkiye.
The large sample of 116 patients provides significant support
for correlating clinical subtypes with different histopatholog-
ical patterns and for diagnostic differentiation.
In our study, DLEwas themost frequently observed subtype,
followed by LPP. FFA was detected in only 4.3% of the pa-
tients. PCA subtype prevalence has been reported at different
frequencies in different populations. In addition to studies
reporting FFA as the most common subtype and LPP as the
secondmost common subtype [9], studies from Iran andPak-
istan have reported that DLE is the most frequently observed
subtype [10,11]. In other studies conducted in Türkiye, LPP
has been stated as themost common subtype, whereas the fre-
quency of DLE shows considerable variability [4,12]. The
high rate of DLE in our cohort may be attributed to the fre-
quent preference for biopsy in cutaneous lupus cases, whereas
the low frequency of FFA may be explained by patients pre-
senting to our clinic at advanced stages of the disease, atwhich
point biopsy may no longer be considered necessary.
The frequency of FD in our study and in other series re-
ported from our country (1.7%–2.1%) is significantly lower
than that reported in studies conducted in China (40.7%)
when the rarer subtypes are examined [3,4]. FD is usually
clinically recognizable, and in our center, direct treatment is
generally preferred over biopsy in inflammatory or infectious
lesions. This clinical approachmay explain the low frequency
of FD observed in our study. In the literature, the prevalence
of PPB has also been reported at highly variable frequencies
(3.3%–40%) [1,5,7,10,13]. Among our patients, this rate was
3.4%, whereas it ranges between 5% and 8% in other Turkish
case series [4,12]. This variability may be due to differences in
diagnostic criteria and the conceptual ambiguity surrounding
PPB.While some authors consider PPB as the end-stageman-
ifestation of other PCAs [14], the North American Hair Re-
search Society classifies it as a separate subtype [6]. Since biop-
sies in our center are generally obtained from active lesions,
late-stage cases may have been excluded from histopathologi-
cal evaluation.
When all findings regarding subtype distribution are evalu-
ated, the factors influencing the distributionofPCAsubtypes
include not only disease prevalence but also patient presenta-
tion profile, geographical characteristics, clinical practice pat-
terns, and institutional diagnostic approaches.
Regarding the relationship between sex and PCA subtypes,
most studies report that LPP is more common in women
[13,15]. Similar findings have also been reported in preva-
lence studies conducted inneighboring countries, such as Iran
andTürkiye [4,11,12]. Contrary to the female predominance
frequently described in the literature, LPP was more com-
monly observed in men in our study. This inconsistency may
be associatedwith sampling characteristics specific to the cen-
ter, differences in diagnostic practices, or the possibility that

LPP variants observed in men may exhibit more prominent
clinical features.
FFA and PPB were observed only in female patients in our
study, which is largely consistent with the literature. FFA
is particularly common in postmenopausal women, and this
may be attributed to hormonal, immunological, or genetic
factors [16,17]. Similarly, female predominance has also been
reported in the literature [1,4,7,10].
No statistically significant relationship was found between
age groups and clinical subtypes among the patients exam-
ined. However, FFA and LPP are more common in older
adults, whereas DLE and PPB are more prevalent in younger
adults [1,4,10].
FFA is considered a clinical variant or subtype of LPP [18],
and several studies have emphasized a marked increase in FFA
incidence over the past decade [5,9,16]. This increase may
be attributed to the widespread use of noninvasive diagnos-
tic tools, such as trichoscopy, increased awareness of hair
disorders, earlier dermatological consultations, better clinical
recognition of LPP, and improved sensitivity in histopatho-
logical evaluations [19,20]. In our study, 75.8% of patients
diagnosed with LPP received their diagnosis in 2020 or later.
Themost frequently reportedhistopathological findingswere
basal cell degeneration, basement membrane thickening, epi-
dermal atrophy, and follicular plugging. Sardar et al. [1]
reported that lymphocytic infiltration was the predominant
feature and that basal cell degeneration and follicular plug-
ging were the most frequently observed findings. Similarly,
Hashmi et al. [10] described lymphocytic infiltration, perivas-
cular infiltrates, sebaceous gland loss, perifollicular fibrosis,
and epidermal atrophy. The histopathological features fre-
quently observed in patients with DLE and LPP were largely
consistent with the classical histopathological patterns de-
scribed in the literature [1,10].
Basal cell degeneration was significantly higher in both the
LPP andDLE groups. Follicular lichenoid inflammation and
vacuolar degeneration are defined as characteristic findings
in LPP [21]. Bernárdez et al. [22] reported that vacuolar
interface dermatitis is commonly observed in DLE, whereas
lichenoid interface changes are more typical in LPP, usually
accompanied by basal cell degeneration.
In our study, basement membrane thickening and dermal
mucin deposition were significantly more frequently ob-
served in patients with DLE. Sardar et al observed these find-
ings only in patients with DLE, whereas Hashmi et al. re-
ported basement membrane thickening in all patients with
DLE [1,9]. A PAS-positive thickened basement membrane
has been defined as a classic feature ofDLE [22], and this find-
ing has been emphasized as being rarely observed in LPP [23].
Similarly, dermal mucin deposition is considered distinctive
in lupus-related diseases [22,24].
In our study, sebaceous gland atrophy and epidermal hyper-
trophy were significantly more common in the LPP group
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than in the other cicatricial alopecia subtypes. However, the
literature indicates that sebaceous gland loss is commonly ob-
served not only in LPP but also in other PCA subtypes such
as FFA, FD, and PPB [1]. Loss of sebaceous glands is com-
monly observed not only in LPP but also in other PCA sub-
types, such as FFA, FD, and PPB [1]. Although Hashmi et
al. [9] reported this finding most prominently in PPB cases,
Inchara et al. [24] questioned its utility as a distinguishing
diagnostic feature, as it can be seen in both LPP andDLE. Se-
baceous gland atrophy may appear in the early stages of the
disease [22].
Although epidermal hypertrophy is more commonly associ-
ated with DLE, FFA, and acne keloidalis nuchae (AKN), it
has been reported in 20% of patients with LPP, similar to
our study [1]. This rate was found to be statistically signifi-
cant. Methodological factors such as sample size or variation
in biopsy site selection may be responsible.

Limitations
This study has several limitations, such as its relatively small
sample size, which included only histopathologically con-
firmed PCA cases in a tertiary healthcare center, and its cross-
sectional design, which prevented the evaluation of the clini-
cal course. Other important limitations include limited clini-
cal data and the absence of trichoscopic evaluation. Method-
ologically, multiple comparison corrections were not applied
because the comparison ofmore than two groupswas descrip-
tive in nature; this constitutes a limitation in the interpreta-
tion of the p-values. In addition, the small sample sizes in
some subtypes partially restricted the chi-square test assump-
tions. Because the groups reflect the true distribution, they
were not combined; therefore, Fisher’s exact test would have
been more appropriate in some analyses.

CONCLUSION
This retrospective study comprehensively analyzed the clin-
ical and histopathological features associated with the sub-
types of PCA. Findings such as basementmembrane thicken-
ing and dermal mucin deposition in DLE and basal cell de-
generation and sebaceous gland atrophy in LPP were iden-
tified as relatively specific features. Our findings empha-
size that histopathological evaluation alone may not be suffi-
cient for an accurate diagnosis and that diagnostic accuracy
increases when histological findings are interpreted in con-
junction with the clinical context. In this regard, our study
represents one of the largest PCA case series reported from
Türkiye.
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MAIN POINTS

• Large language models, such as
ChatGPT, Gemini, and DeepSeek,
are increasingly used for patient ed-
ucation and health communication.

• The readability and reliability of AI-
generated medical information vary
widely across platforms.

• This study provides the first system-
atic comparison of these threemod-
els in the context of information on
painless labor.

• It identifies distinct strengths and
weaknesses: ChatGPT excels in
readability, Gemini excels in qual-
ity and reliability, and DeepSeek ex-
hibits variable performance.

• The findings emphasize the need
for verifiable references and
audience-specific optimization in
AI-based health communication.

Cite this article as: Dogan AR, Kocayigit
H, Tas Tuna A. A comparative analysis of
large language models in digital content
on painless labor: A systematic evaluation
of readability, reliability, quality, and accu-
racy. Ann Med Res. 2026;33(6):267--276.
doi: 10.5455/annalsmedres.2025.11.346.

ABSTRACT

Aim: Painless labor is an important concern in obstetric care, with both medical and psychoso-
cial dimensions. With the increasing use of artificial intelligence (AI) in health communication,
evaluating the quality of content generated by large language models (LLMs) is essential. This
study aimed to compare AI-generated content on “painless labor” produced by three LLMs---
ChatGPT (Chat Generative Pre-trained Transformer), Gemini, and DeepSeek---in terms of read-
ability, reliability, content quality, and medical accuracy.
Materials and Methods: A total of 270 texts were generated using 30 frequently searched key-
words on three dates in May 2025 via the free versions of the three LLMs. Readability was
assessed with six validated indices. Reliability and quality were evaluated using the Modified
DISCERN tool, the JAMA (Journal of the American Medical Association) Benchmark Criteria, the
Ensuring Quality Information for Patients (EQIP)-36, and the Global Quality Score. The medical
accuracy of 90 texts was assessed by an obstetric anesthesia expert.
Results: ChatGPT texts were the most readable and were written at lower grade levels, but
scored lower in reliability and quality. Gemini ranked highest for both reliability and content
quality, although it produced more complex language. DeepSeek showed variable performance.
No significant differences were found in medical accuracy or content completeness. Gemini
also demonstrated the most consistent performance across all time points.
Conclusion: LLMs vary substantially in how they present medical content. ChatGPT achieved
higher readability scores, indicating simpler language structures, whereas Gemini demonstrated
higher reliability and content quality metrics. However, the absence of source citations across
all models raises concerns about the verifiability of content, highlighting the need for critical
oversight in healthcare applications.

Keywords: Painless labor, Large language models, Readability, Health literacy, Patient
education, Obstetric anesthesia
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INTRODUCTION
Painless labor aims to enhance the childbirth experience
by reducing pain through pharmacological or non-
pharmacological methods [1]. Expectations and anxiety
during pregnancy influence delivery preferences, including
cesarean rates [2].
In recent years, patients increasingly search online for labor
analgesia options—such as epidural or spinal techniques—
prior to consulting healthcare professionals [3,4]. However,
online content varies significantly in readability and reliabil-

ity [5].

Artificial intelligence (AI)-based large language models
(LLMs), including ChatGPT (Chat Generative Pre-trained
Transformer), Gemini, and DeepSeek, have transformed
access to health information by providing conversational,
simplified answers to complex queries [6]. Despite their
growing use, the scientific accuracy, readability, and relia-
bility of AI-generated content remain largely unexamined
[7]. Especially for individuals with limited health literacy,
this raises concerns about misinformation and content
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quality [8].
Readability is a key parameter for digital health communica-
tion. Leading institutions recommend that patient materi-
als be understandable to readers with basic literacy [9]. Indi-
viduals with low health literacy often struggle with technical
texts, which may negatively affect decision-making [10]. In
this context, painless labor serves as an ideal topic for evaluat-
ing LLMs in terms of readability, reliability, quality, andmed-
ical accuracy. Unlike many general medical topics, painless la-
bor is a preference-sensitive and emotionally charged clinical
context where preconsultation information may directly in-
fluence patients’ attitudes and decision-making. Therefore,
evaluating AI-generated content in this domain addresses not
only informational quality but also potential clinical and psy-
chosocial implications.
ChatGPT, Gemini, and DeepSeek differ in architecture, data
sources, and citation capabilities [11–13]. These distinctions
justify a comparative analysis of their responses to a sensitive
and frequently searched medical topic. Beyond readability,
the reliability of content (e.g., source usage, authorship, cur-
rency) and its quality (relevance, objectivity) are critical for
evaluating health information [14]. This study aims to sys-
tematically evaluate texts generated by these LLMs on the
topic of painless labor across four domains: readability, reli-
ability, quality, and medical accuracy.

MATERIALS ANDMETHODS
Study design and ethical approval

This cross-sectional, comparative study was conducted in
May 2025 using experimental content analysis. No human
participants were involved, and only publicly accessible out-
puts fromAImodelswere used; thus, ethical approvalwas not
required.

Keyword selection and data collection

Browser history and cookies were cleared, and all queries were
performed in incognito mode to avoid personalization bias.
Google Trends was used to identify relevant keywords by
searching for the terms “epidural delivery,” “painless labor,”
and “painless delivery.” After filtering to remove irrelevant re-
sults, 30 keywords were selected.
Each keyword was submitted to three AImodels—ChatGPT
(GPT-3.5, OpenAI), Gemini (Gemini 1.5, Google Bard), and
DeepSeek (DeepSeek-V3)—on three dates: May 11, 18, and
25, 2025. All queries were conducted using new browser ses-
sions in incognito mode. All queries for each predefined date
were conducted in a single session within the same time win-
dow to minimize temporal variability. DeepSeek required ac-
count registration; therefore, a separate account was created.
In total, 270 response texts were collected (3 models × 3 dates
× 30 keywords).
Responses were saved in Microsoft Word 2016 after remov-
ing formatting elements, such as lists and bullet points. Full

dataset was archived at: https://archive.org/details/all_an-
swers_LLMs.

Readability analysis

Each response was uploaded to https://readabilityformu-
las.com, and analyzed using six readability indices: Auto-
mated Readability Index (ARI), Flesch Reading Ease Score
(FRES), Gunning Fog Index (GFO), Flesch–Kincaid Grade
Level (FKGL), Simple Measure of Gobbledygook (SMOG),
andFORCASTReadability Formula (FORCAST) (Table 1).
Word and sentence counts were also recorded. All texts were
analyzed by the same researcher using a standardized method
and were subsequently entered into the statistical dataset.

Reliability assessment

Two independent researchers evaluated the texts using two
validated tools. The Modified DISCERN tool (0–5 points)
assessed source credibility, balance, and clarity [15]. The
JAMA (Journal of the American Medical Association)
Benchmark Criteria (0–4 points) evaluated authorship, attri-
bution, update date, and information transparency [16]. In
the event of disagreement, a third researcher resolved any dis-
crepancies.

Quality assessment

Text qualitywas assessedusing theEnsuringQuality Informa-
tion forPatients (EQIP)-36 scale and theGlobalQuality Score
(GQS) [15]. EQIP-36 includes 36 binary items, and scores
were categorized as high (76–100%),moderate (51–75%), low
(26–50%), or poor (0–25%). GQS is a 1–5 scale reflecting
overall usefulness to patients. Discrepancies were resolved
through third-party consensus. Researchers used standard-
ized forms and reviewed the responses in different orders to
minimize bias.

Medical accuracy assessment

A random sample of 90 texts (30 per model) was selected us-
ing a Python-based algorithm. All identifying metadata were
removed, and evaluations were conducted blindly by a spe-
cialist in obstetric anesthesia. Each text was scored 1–10 for
scientific accuracy and 1–10 for content comprehensiveness,
following prior methodologies [17]. Obvious medical errors
and fabricated references were identified through qualitative
assessment.

Statistical analysis

Analyses were performed using IBM SPSS v25.0. Descrip-
tive statistics were reported asmean± standard deviation,me-
dian (minimum–maximum), and frequency (%). The distri-
bution of the data was assessed using the Shapiro–Wilk test.
Kruskal–Wallis tests were used for group comparisons, fol-
lowed by Bonferroni-correctedMann–WhitneyU tests when
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appropriate. Chi-square tests were applied to categorical vari-
ables. The Friedman test was used to assess variation in per-
formance across dates. A p-value < 0.05was considered statis-
tically significant, with adjustments formultiple comparisons
where necessary.

RESULTS
A total of 30 English keywords frequently associated with
“epidural delivery,” “painless labor,” and “painless delivery”
were identified using Google Trends. Repetitive or semanti-
cally overlapping terms were excluded, and the most contex-
tually relevant expressions were retained (Table 2).
Each keyword was queried using three AI models—
ChatGPT, Gemini, and DeepSeek—on three separate dates
(May 11, 18, and 25, 2025), resulting in a total of 270
response texts.

Comparison of readability indices

Significant differences were found for all readability indices,
word counts, and sentence counts across the three models
(all p<0.001) (Table 3). Gemini and DeepSeek had signifi-
cantly higherARI scores thanChatGPT(p<0.01). For FRES,
ChatGPT scored highest, followed by DeepSeek and Gemini
(p<0.05 to p<0.001). In GFI, Gemini had the highest scores;
there was no difference between ChatGPT and DeepSeek.
FKGL scores were ranked as follows: Gemini > ChatGPT >
DeepSeek (all p<0.001). Gemini also had the highest SMOG
scores, while DeepSeek had the highest FORCAST scores
(all p<0.001). Gemini produced significantly longer texts,
in terms of both word and sentence counts, than the other
twomodels. DeepSeek responses were also longer than Chat-
GPT’s in terms of sentence count (all adjusted p<0.05).
In grade-level classifications, Gemini’s content was consis-
tently grouped into higher difficulty levels by ARI, GFI,
FKGL, and SMOG (Figure 1). ChatGPT exhibited the low-
est difficulty levels across most indices. FORCAST scores in-
dicated thatDeepSeekhadhigher complexity thanbothGem-
ini and ChatGPT (p<0.01). Detailed pairwise comparisons
are provided in Supplementary Table 1.

Comparison of reliability and quality assessments

Significant differences between the three AI models were ob-
served across all four evaluation metrics (all p<0.001). Chat-
GPT had significantly lower Modified-DISCERN scores
than DeepSeek and Gemini, both of which showed simi-
lar reliability levels. In the JAMA Benchmark assessment,
DeepSeek ranked highest, followed by Gemini; ChatGPT
scored significantly lower than both. Gemini achieved the
highest EQIP quality scores, significantly outperforming
ChatGPT and DeepSeek. In GQS evaluations, both Gem-
ini and DeepSeek scored significantly higher than ChatGPT,
withnodifferencebetween them(Figure 2). Detailedpairwise
comparisons are provided in Supplementary Table 2.

Time-based analyses
Temporal analyses using the Friedman test revealed some
model-specific trends across the three data collection dates.
For ChatGPT, both word and sentence counts significantly
increased over time (p<0.01). ARI, FKGL, and SMOGscores
rose between May 11 and May 18, then slightly decreased on
May 25, indicating fluctuations in complexity. FRES scores
dipped on May 18 and rebounded on May 25, while FOR-
CAST scores gradually declined (p<0.01). No significant
changes were found in reliability or quality scores across the
three dates. In DeepSeek, only EQIP scores increased signif-
icantly over time (p<0.05), while other metrics remained sta-
ble. Gemini showedno significant changes in anymetric, indi-
cating consistent performance across all timepoints (Table 4).

Comparison of medical accuracy assessments
Median scores for both scientific accuracy and content com-
pleteness were similar across the three models, with no sta-
tistically significant differences (Table 5). All models demon-
strated comparable medical accuracy.

DISCUSSION
This study systematically compared the content generated
on the topic of “painless labor” by three popular large lan-
guagemodels (ChatGPT,Gemini, andDeepSeek) acrossmet-
rics of readability, reliability, quality, and medical accuracy.
The findings demonstrated statistically significant differences
among the models regarding readability, reliability, and qual-
ity. Beyond confirming previously reported performance pat-
terns of large language models, the present study extends the
existing literature by contextualizing these differences in pain-
less labor, a preference-sensitive, emotionally charged clinical
scenario. In addition, the time-based evaluation was designed
as an exploratory assessment of output stability, highlighting
consistency differences betweenmodels rather than serving as
a primary outcome measure.
In terms of readability, ChatGPT produced texts with lower
grade levels and greater ease of comprehension. In contrast,
Gemini and DeepSeek generated longer texts with higher
technical content, requiring more advanced reading levels.
Regarding reliability, ChatGPT received the lowest scores,
whereas DeepSeek and Gemini received higher scores. Re-
garding quality metrics, Gemini produced the most balanced
and structured content for patient information, whereas
DeepSeek showed competitive performance on certain qual-
ity criteria but occasionally yielded variable results in content
consistency.
In time-based analyses, the Gemini model was distinguished
byproducing consistent output, whereasChatGPTexhibited
a more variable performance; however, the observed fluctu-
ations were small in magnitude and are unlikely to be clini-
cally or practically significant. In assessments ofmedical accu-
racy, no significant differences were observed among the three
models; all produced similar scores for accuracy and content
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Table 1. Readability indices used in the study, their formulas, and conceptual descriptions.

Index Name Formula Description

ARI 4.71 × (characters/word) + 0.5 × Based on average character count and sentence length;
(Automated Readability Index) (words/sentence) -- 21.43 provides an approximate U.S. educational grade level.

FRES 206.835 -- 1.015 × Higher scores indicate easier readability
(Flesch Reading Ease Score) (words/sentence) -- 84.6 × (syllables/word) (range: 0--100).

GFO 0.4 × [(words/sentence) + % complex words] Estimates the number of years of
(Gunning Fog Index) education required to understand the text.

FKGL 0.39 × (words/sentence) + Indicates the educational grade level
(Flesch-Kincaid Grade Level) 11.8 × (syllables/word) -- 15.59 needed to comprehend the text.

SMOG 1.0430 × √(number of polysyllabic words × Recommended especially for health literacy;
(Simple Measure of Gobbledygook) (30/number of sentences)) + 3.1291 more reliable for texts exceeding 100 words.

FORCAST 20 -- (number of single-syllable words per 10 words) Focuses solely on word level, not sentence structure;
particularly suitable for documents other than prose text.

ComplexWord: A word consisting of three or more syllables. Grade Level: The educational level required to comprehend the text. For example, “8th grade level” means the
text can be understood by an 8th-grade student.

Table 2. List of the 30 most relevant English keywords associated with the terms “epidural delivery,” “painless labor,” and “painless delivery” according
to Google Trends data (2004--May 2025). (Source: Google Trends, https://trends.google.com).

Keywords

birth with epidural epidural for normal delivery painless delivery
birth without epidural epidural labor painless delivery cost
can contractions be painless epidural painless delivery painless delivery side effects
delivery pain epidural pregnancy painless labor
epidural anesthesia epidural side effects painless normal delivery
epidural birth labor analgesia painless pregnancy
epidural delivery labor pain what is epidural
epidural during labor labor with epidural what is epidural birth
epidural for birth painless birth what is epidural delivery
epidural for labor painless contractions what is painless delivery

Table 3. Comparison of readability indices, word count, and sentence count across artificial intelligence models.

Readability ChatGPT DeepSeek Gemini p * ChatGPT vs ChatGPT vs DeepSeek vs
Index (Median, (Min--Max)) (Median, (Min--Max)) (Median, (Min--Max)) DeepSeek p † Gemini p † Gemini p †

ARI 12.71 13.33 13.34 0.001 <0.001 0.002 0.674(8.24--17.19) (10.08--21.87) (10.67--16.93)

FRE 42.69 39.64 36.79 <0.001 <0.032 <0.001 0.005(27.85--60.67) (2.40--54.84) (19.16--52.02)

GFI 9.79 10.08 10.49 <0.001 <0.166 <0.001 0.001(6.62--14.91) (7.49--14.22) (8.48--12.99)

FKGL 11.70 10.23 12.52 <0.001 <0.001 <0.001 <0.001(7.85--16.01) (7.84--16.00) (9.96--15.78)

SMOG 13.02 11.12 13.51 <0.001 <0.001 <0.001 <0.001(8.69--16.18) (9.35--15.05) (11.57--16.26)

FORCAST 11.58 12.29 11.89 <0.001 <0.001 <0.001 <0.001(10.30--14.11) (10.77--14.13) (10.73--12.93)

Word Count 332.50 290.50 526.50 <0.001 0.069 <0.001 <0.001(82--775) (134--424) (159--1144)

Sentence Count 18.00 28.00 30.00 <0.001 <0.001 <0.001 0.004(2--55) (9--47) (7--57)
* Overall group comparisons were performed using the Kruskal–Wallis test. † For measures with significant differences, pairwise comparisons were conducted using the
Bonferroni-correctedMann–Whitney U test (significance level p < 0.0167). Abbreviations: ARI = Automated Readability Index; FRES = Flesch Reading Ease Score; GFI =
Gunning Fog Index; FKGL = Flesch-Kincaid Grade Level; SMOG = Simple Measure of Gobbledygook; FORCAST = FORCASTReadability Formula.
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Table 4. Comparison of temporal changes in readability, reliability, and quality metrics of artificial intelligence models (May 11--25, 2025).

Metric

ChatGPT DeepSeek Gemini

(Median (min-max)) (Median (min-max)) (Median (min-max))
11

.M
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.2
5

18
.M
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.2
5

25
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18
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5
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Word 210 315 385 278 284 267 520 528 523

Count (110--416) (115--517) (82--775) (162--420) (134--424) (154--404) (219--822) (159--1144) (164--796)

p * <0.01 0.611 0.909

Sentence 16 16 21 25 28 25 30 30 31

Count (2--28) (6--29) (4--55) (12--37) (9--43) (12--47) (12--48) (9--57) (7--50)

p * 0.003 0.57 0.995

ARI 11.42 13.77 12.65 14.09 13.67 14.23 13.65 13.74 13.15

Score (8.40--14.56) (10.23--17.19) (8.24--15.28) (10.08--19.77) (10.29--18.07) (11.53--21.87) (10.67--16.93) (11.46--16.18) (10.95--16.80)

p * <0.01 0.671 0.225

FRES 42.83 39.50 43.61 38.74 39.55 38.17 35.28 35.56 37.86

Score (28.26--55.58) (27.85--49.99) (34.61--60.67) (14.27--54.44) (13.05--54.84) (2.40--51.41) (19.16--52.02) (20.89--44.98) (20.81--49.51)

p * 0.024 0.86 0.266

Gunning 9.85 9.92 9.62 10.14 10.12 9.99 10.61 10.65 10.47

Fog Score (7.39--14.91) (6.62--11.47) (6.71--12.56) (7.68--13.37) (7.49--13.00) (7.89--14.22) (8.48--12.99) (8.78--12.62) (8.91--12.88)

p * 0.682 0.887 0.742

FKGL 10.74 12.76 11.77 10.71 10.42 10.66 12.71 12.75 12.30

Score (8.38--13.87) (10.21--16.01) (7.85--14.10) (7.84--14.60) (8.11--15.14) (8.36--16.00) (9.96--15.78) (11.16--15.32) (10.04--15.73)

p * <0.01 0.788 0.301

SMOG 11.81 13.71 13.10 11.51 11.27 11.25 13.64 13.74 13.45

Grade (8.69--15.90) (11.36--16.18) (9.97--15.32) (9.44--14.55) (9.35--14.39) (9.40--15.05) (11.57--15.56) (12.24--15.90) (11.94--16.26)

p * <0.01 0.656 0.49

FORCAST 11.85 11.46 11.38 12.31 12.25 12.29 11.99 11.87 11.81

Score (10.54--14.11) (10.30--12.24) (10.51--12.14) (11.26--14.13) (10.77--13.17) (11.45--13.87) (10.73--12.93) (11.08--12.69) (10.99--12.57)

p * 0.002 0.888 0.301

M-DISCERN
1.90 1.93 2.00 2.87 3.03 3.30 2.80 3.20 3.13

(1--3) (1--3) (1--3) (2--4) (2--4) (2--4) (2--4) (2--4) (2--4)

p * 0.898 0.126 0.12

JAMA
0.50 0.47 0.37 1.37 1.63 1.43 1.00 1.13 0.93

(0--1) (0--1) (0--1) (1--2) (1--2) (1--2) (0--2) (0--2) (0--2)

p * 0.566 0.1 0.604

EQIP (%)
53.7% 57.3% 54.4% 54.3% 58.6% 61.8% 63.4% 63.7% 63.4%

(30.6--75.0%) (33.3--77.8%) (33.3--77.8%) (33.3--69.4%) (33.3--80.6%) (38.9--77.8%) (47.2--83.3%) (47.2--86.1%) (44.4--83.3%)

p * 0.479 0.033 0.99

GQS
3.03 2.83 3.00 3.27 3.53 3.20 3.37 3.50 3.27

(2--4) (2--4) (2--4) (2--4) (2--4) (2--4) (2--4) (2--4) (2--4)

p * 0.583 0.125 0.378

* Friedman test. Abbreviations: ARI: Automated Readability Index; FRES: Flesch Reading Ease Score; GFI: Gunning Fog Index; FKGL: Flesch-Kincaid Grade Level; SMOG: Simple Measure of Gobbledygook; FORCAST:
FORCASTReadability Formula; M-DISCERN:Modified DISCERN; JAMA: Journal of the AmericanMedical Association ;EQIP: Ensuring Quality Information for Patients; GQS: Global Quality Score.

Table 5. Comparison of medical accuracy and content completeness metrics among artificial ıntelligence models.

Metric ChatGPT (Median, (Min--Max)) DeepSeek (Median, (Min-Max)) Gemini (Median, (Min--Max)) p *

Accuracy 8 (5-9) 8 (5-8) 8 (5-9) 0.765
Completeness 7 (5-8) 7 (5-7) 7 (5-8) 0.938
* Overall group comparisons were performed using the Kruskal–Wallis test.

completeness. Overall, the study highlighted notable differ-
ences among models in the technical sophistication, compre-
hensibility, reliability, and accuracy of their AI-generated con-
tent.

The ChatGPT model produced the simplest texts and at the
lowest grade levels in terms of readability, a finding consis-

tent with previous studies reporting that ChatGPT achieves
the highest readability scores in patient information materi-
als [18,19]. However, those studies also found ChatGPT in-
adequate in content comprehensiveness and guidance, noting
that its simplified language reduced the depth of information.
Similarly, in our study, although ChatGPT produced simpler
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Figure 1. Grade-level classifications of texts generated by ChatGPT, DeepSeek, and Gemini across readability indices (ARI, ARI Difficulty, ARI Age,
FRES, GFI, FKGL, SMOG, FORCAST). Bars represent the percentage distribution of responses in each grade-level category. Significant differences were
observed across models for all indices except certain ARI subcategories (Chi-suqare tests, p<0.01). Detailed pairwise comparisons are provided in
Supplementary Table 1.

Figure 2. Reliability and quality assessments of AI-generated texts across models. Stacked bar charts show the percentage distribution of scores
for M-DISCERN (top left), JAMA Benchmark Criteria (top right), EQIP-36 (bottom left), and Global Quality Score (GQS, bottom right) among ChatGPT,
DeepSeek, and Gemini. Significant differences were observed across all four evaluation metrics (Chi-square tests, p<0.001). Detailed pairwise
comparisons are provided in Supplementary Table 2.

texts, it scored significantly lower on reliability and quality
metrics. This reflects the challenge of balancing simplifica-
tionof informationdeliverywithpreservationof clinical value
in the content. Notably, despite these relative differences, the
absolute readability levels of outputs across all evaluatedmod-
els predominantly corresponded to college-grade reading lev-
els (FKGL and SMOG > 12), which remain well above the
recommended≤ 8th grade level for patient education materi-
als.

In our study, theGeminimodel achieved the highest scores on
reliability (JAMA, M-DISCERN) and quality (EQIP, GQS)
metrics. This aligns with previous studies emphasizing Gem-

ini’s capacity to produce patient-friendly and balanced con-
tent However, those studies also reported that Gemini tends
to produce higher Gunning Fog and SMOG scores, indicat-
ing that the texts are structurally more complex, which may
limit comprehensibility. Similarly, in our study, Gemini gen-
erated content at the highest grade levels, particularly accord-
ing to SMOG and FKGL indices, thereby reducing readabil-
ity. This discrepancy may stem from Gemini’s tendency to
produce more comprehensive, explanatory content, which
may be less accessible to individuals with limited health liter-
acy.

Findings related to the DeepSeek model revealed a more het-
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erogeneous profile, consistent with both the literature and
the internal analyses of our study. Previous studies have
reported that DeepSeek offers more technical content and
provides more frequent reference links but has been criti-
cized for higher hallucination rates and content inconsisten-
cies [20,21]. In our study, DeepSeek demonstrated moderate
performance in terms of readability but produced more vari-
able results in quality scores compared to bothChatGPT and
Gemini. Possible reasons include the model’s open-source
structure, incomplete optimization of its document-linking
capabilities, and lack of training specifically focused on struc-
tured health-related content.
In this study, the medical accuracy and completeness scores
of the three models were similar; however, the lack of source
citations by any of the models limited the verifiability of the
content. This finding aligns with previous reports indicat-
ing that although ChatGPT often demonstrates high con-
tent accuracy, it lacks transparency in referencing and occa-
sionally includes misleading information [22]. Similarly, ear-
lier studies have reported that while GPT-4 can maintain ac-
curacy and comprehensiveness even in simplified responses,
models like Bard tend to experience content loss during sim-
plification [19]. In our study, theGemini andDeepSeekmod-
els produced accuracy scores comparable to ChatGPT, but,
like ChatGPT, did not provide sources to support clinically
critical information. The absence of references poses a sig-
nificant risk to patient safety, as texts may appear accurate
but remain unverifiable. The findings underscore that large
language models still require careful oversight for generating
medical content and are not suitable as standalone tools for
clinical decision support. It should be noted that instruments
such as theModifiedDISCERN and JAMABenchmark Cri-
teria were originally developed to evaluate static, authored
health websites rather than conversational AI-generated out-
puts. Therefore, lower reliability scoresmay partly reflect lim-
itations in transparency and attribution inherent to current
general-purpose LLMs, rather than definitive deficits in the
factual correctness of the information provided.
Previous studies focusingonobstetric anesthesia have demon-
strated that large language models have significant potential
for patient education, although this potential varies substan-
tiallywith respect to content quality, source transparency, and
readability. In a study on epidural analgesia during labor,
ChatGPT was reported to perform well in terms of accuracy
(97.7%) and content quality; however, the textswere generally
written above the 11th-grade reading level [23]. This finding
aligns with our study, in which ChatGPT, despite achieving
high accuracy scores, offered only a relative advantage in read-
ability. Another study found that both ChatGPT and Gem-
ini provided similar accuracy rates (87–85%) when respond-
ing to frequently asked questions about childbirth; however,
the Gemini model was considered superior in terms of using
simpler language and delivering more actionable content [5].
In contrast, our study found that Gemini produced longer

and more complex texts while achieving the highest quality
scores. This difference may be attributable to the nature of
the questions used in our study, which were neither directly
instructive nor action-oriented, and to Gemini’s tendency to
offer more comprehensive explanations. In a comparative
study involvingAmerican Society of Anesthesiologists (ASA)
materials, Gemini outperformed ChatGPT in terms of ac-
curacy and comprehensiveness; however, both models were
found to producemore challenging texts in terms of readabil-
ity compared to ASA content [17]. Similarly, in our study,
the texts generated by Gemini and DeepSeek were classified
at significantly higher grade levels than those recommended
for health literacy. Another analysis focusing on pregnancy-
related questions showed that the Gemini model achieved a
higher rate of acceptable answers (83%) compared to Chat-
GPT (58%) and also demonstrated significantly fewer errors
in source citation [24]. However, in our study, none of the
evaluated models provided references, resulting in equivalent
limitations regarding verifiability. In a comparative analysis
focusing on obstetric pathologies, ChatGPT was found to
perform significantly better than Gemini in terms of under-
standability and actionability [25]. Conversely, in our study,
the Gemini model achieved the highest scores on the GQS
and EQIP metrics, while ChatGPT exhibited lower reliabil-
ity scores. This discrepancymay be due to the specific patient
scenarios and prompts used in different studies, which can di-
rectly influence the text structure and content strategies of the
models. Overall, consistent with findings from other studies
in the obstetric field, our study highlights that, while the tech-
nical accuracy of thesemodels is generally high, significant dif-
ferences exist among models in user-centered aspects such as
presentation style, readability, and content organization.
These findings from the literature largely align with the main
results of our study. However, previous research has often
focused on broader pregnancy-related topics rather than on
specific themes such as labor analgesia. The unique aspect
of our study lies in analyzing the content-generation perfor-
mance of AI models on the topic of painless labor—a sub-
ject with both medical and socio-cultural implications—and
in systematically revealing differences in performance through
a large dataset that also includes temporal consistency assess-
ments.
The model-based differences observed in this study are re-
lated not only to the content output but also to the structural
and functional parameters governing how this output is pro-
duced. The tendency of ChatGPT to generate texts that are
more readable but with lower reliability and content quality
likely stems from how the model balances its prioritization of
simplification against information density. Gemini’s propen-
sity to produce more technical, longer, and more instructive
content may be explained by the diversity of its training data
anddifferences in its source pool [26]. Athough theDeepSeek
model demonstrated performance similar to Gemini in terms
of readability in our study, it produced more variable and at
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times superficial responses regarding content coherence and
clarity of guidance. This may be attributable to the model’s
open-source nature, which allows continuous updates, but
which has not yet undergone sufficient structured evaluation
in the health domain [27]. Additionally, by structuring the
evaluation aroundmodel–time–text interactions, rather than
isolated outputs, this study adopted a multilayered analytical
approach that allowed for a more nuanced understanding of
model behavior within clinical communication contexts.

Moreover, the differences among models are related to the
prompt-processing strategies and response-generation archi-
tectures they employ. For example, the tendency of Chat-
GPT’s free versions to produce shorter and more summa-
rized content, due to token limits, may lead to informa-
tion gaps and superficial narratives [28]. Conversely, mod-
els like Gemini, which generate longer responses, may in-
crease information coverage but adversely affect readability
scores. Additionally, previous studies have shown that some
models are more prone to “hallucination” behavior, incor-
porating non-existent sources or unverified information [11].
Although these phenomena were not quantitatively assessed
in the present study, they represent well-documented con-
cerns in the literature that may influence the perceived re-
liability of AI-generated health information. Another fac-
tor explaining these differences lies in the scope and currency
of the datasets used during model training. Models such as
ChatGPT-3.5, trained only on data up to 2021, may present
certain contemporary medical practices incompletely or in-
accurately, whereas newer LLMs like Gemini, with access to
broader and more updated data pools, may offer enhanced
content coverage [26]. However, if this advantage is not ef-
fectively integrated into the model architecture, it can result
in texts that lack readability and user-friendliness.

The use of AI-generated texts in sensitive areas such as la-
bor analgesia depends not only on technical accuracy but also
on comprehensibility. Our study found that content lacking
high readability remains common, potentially hindering in-
formation access for individuals with low health literacy [10].
Information that is insufficiently understood can negatively
influence patients’ decisions, particularly in clinical areas such
as labor, where anxiety levels are high. While some mod-
els produce technically accurate yet complex content, poten-
tially complicatingpatient education, overly simplified, super-
ficial responses may create a false sense of confidence among
users. Both situations underscore that, beyond accuracy, the
manner in which information is presented is equally critical.
Previous studies have also highlighted that while online peer-
to-peer interactions can enhance access to information and
support, they may simultaneously carry risks when content
promotes harmful behaviors, underscoring the importance of
careful moderation and presentation of health information
[29].

Limitations

This study provides a systematic and multidimensional eval-
uation of large language models on the clinically and socially
significant topic of labor analgesia. However, certain limita-
tions should be acknowledged. First, all analyses were based
on the free versions of the models; therefore, the results may
not reflect the performance of premium versions, such as
GPT-4. Second, textual outputs in English were evaluated,
limiting generalizability to other languages and tomultimedia
capabilities. Third, the accuracy assessmentwas performedby
a single expert on a limited subset of responses, whichmay in-
troduce subjectivity and limit statistical generalizability. Al-
though the texts were randomly selected and assessed in a
blindedmanner, the absence ofmultiple independent evalua-
tors andof a standardized accuracy checklist limits findings on
medical accuracy. Accordingly, the accuracy results should be
interpreted as exploratory and hypothesis-generating rather
than definitive. Additionally, the study employed a relative
model-to-model comparison design and did not benchmark
against established gold-standard patient educationmaterials,
which limits the interpretation of their absolute adequacy for
clinical use. Furthermore, the use of single-turn, keyword-
basedprompts does not reflect the iterative and conversational
nature of real-world LLM use, potentially underrepresent-
ing the performance of models optimized for multi-turn di-
alogue. Lastly, evaluations did not include end-user perspec-
tives; how patients perceive and interpret the content remains
unknown.

CONCLUSION
This study demonstrates that large language models dif-
fer substantially in the informational content they gener-
ate about labor analgesia. While ChatGPT offers the high-
est readability and may therefore be more suitable for pa-
tient education, Gemini provides superior reliability and con-
tent quality, making it more appropriate for professional or
information-dense contexts. DeepSeek demonstrates variable
performance, indicating the need for further refinement.
Importantly, none of the models provided source citations,
a critical limitation that undermines verifiability and clinical
trust. Optimizing LLM outputs for target audiences and es-
tablishing mechanisms for transparent referencing will be es-
sential for their safe integration into healthcare communica-
tion. Future research should incorporate real patient perspec-
tives, premium model versions, and multilingual analyses to
better assess the practical implications of AI-generated medi-
cal information.
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MAIN POINTS

• Hyperchloremia in elderly septic
ICU patients was found to be an in-
dependent predictor of 28-day all-
cause mortality.

• The frequency of hyperchloremia
was significantly higher in non-
survivors than in survivors.

• In multivariate regression analysis,
hyperchloremia and the APACHE II
score were independently associ-
ated with mortality risk.

• Routine chloride monitoring during
sepsis management may help iden-
tify high-risk patients earlier and
guide individualized fluid therapy.

• Optimizing chloride balance could
improve prognosis and reduce mor-
tality in geriatric intensive care pa-
tients with sepsis.

Cite this article as: Durmus I, Taskin
K, Bulun Yediyildiz M, Fidan R. Asso-
ciation between serum chloride levels
and 28-day mortality in geriatric septic
ICU patients: A retrospective cohort
study. Ann Med Res. 2026;33(6):277--283.
doi: 10.5455/annalsmedres.2025.11.344.

ABSTRACT

Aim: This study aimed to examine whether serum chloride concentrations obtained within the
first 24 hours after intensive care unit (ICU) admission are associated with 28-day all-causemor-
tality in elderly patients with sepsis, which was defined according to Sepsis-3 criteria (suspected
infection plus≥2-point increase in SOFA score) and to explore their potential prognostic value.
Materials and Methods: This retrospective cohort study was conducted at a single center and
involved 221 patients aged 65 years and older who were hospitalized in the ICU with sepsis
between December 1, 2023 and May 31, 2024. Patient categorisation was based on serum chlo-
ride levels measured within the first 24 hours. Patients were categorised as hypochloremic (<95
mEq/L), normochloremic (95--110 mEq/L), or hyperchloremic (>110 mEq/L). Information on de-
mographics, laboratory results, and Acute Physiology and Chronic Health Evaluation II (APACHE
II) scores was collected. Data analysis involved the Mann-Whitney U test, the Chi-square test,
and logistic regression.
Results: A total of 221 patients were evaluated, with a mean age of 80.87 ± 8.04 years. The 28-
day all-cause mortality rate was found to be 67.4%. The prevalence of hyperchloremia (62.4%)
was significantly higher than that of normochloremia (25.8%) and hypochloremia (11.8%). Mul-
tivariate logistic regression analysis showed that hyperchloremia was an independent predictor
of 28-day mortality (OR=4.95; 95% CI, 1.51--16.21; p=0.008). A rise in the APACHE II score was
found to be a highly significant predictor of mortality (p<0.001).
Conclusion: An independent association between elevated chloride levels and 28-day mortality
was observed in elderly septic patients requiring intensive care. Routine monitoring of serum
chloride levels and careful management of chloride load may contribute to an improved progno-
sis in this vulnerable patient population.

Keywords: Sepsis, Chlorides, Mortality, Critical care, Intensive care units, Aged
Received: Nov 25, 2025 Accepted: Jan 05, 2026 Available Online: Jun 25, 2026

Copyright © 2026 The author(s) - Available online at annalsmedres.org. This is an Open
Access article distributed under the terms of Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

INTRODUCTION
Sepsis represents a condition in which an infection triggers a
dysregulated andmaladaptive host immune response, leading
to widespread inflammation [1]. This aberrant response can
disrupt microcirculatory function, impair tissue perfusion
and ultimately progress to multi-organ dysfunction. Clini-
cally, a substantial proportion of affected individuals require
management in the intensive care unit, and sepsis continues to
be recognised as one of the primary contributors to mortality
among intensive care unit (ICU) patients [2]. In this study,
sepsis was defined according to the Sepsis-3 criteria, requir-

ing suspected infection and a≥2-point increase in the SOFA
score. Geriatric patients were defined as individuals aged≥65
years [3].

Serum chloride represents the predominant extracellular an-
ion and is essential for multiple physiological processes, in-
cluding the regulation of acid–base homeostasis, osmotic
equilibrium, neuromuscular signalling and various enzyme
functions [4,5]. In addition, chloride channels have been
implicated in intracellular inflammatory pathways, which are
known to contribute substantially to the underlying mech-
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anisms of sepsis [6]. Notwithstanding chloride’s vital func-
tions, it is frequently not evaluated with the same rigour as
sodium or potassium in ICU practice, resulting in its clinical
importance being somewhat overlooked.
Recent evidence suggests that disturbances in serum chloride
concentrations can contribute to unfavourable clinical out-
comes. In septic patients, reduced chloride levels may lead
to metabolic alkalosis and may be associated with increased
mortality risk. Conversely, hyperchloremia has been shown to
induce hyperchloremic metabolic acidosis and renal vasocon-
striction, consequently impairing organ function and con-
tributing to mortality [7, 8].
We hypothesized that serum chloride levels measured during
the first 24 hours of ICU admission would be independently
associated with 28-day mortality in geriatric septic patients.
This study aimed to examine how serum chloride levels, ob-
tained during the first 24 hours of ICU admission, relate
to 28-day mortality in patients with sepsis. A secondary
aim was to explore whether different chloride categories
(hypochloremia, normochloremia, hyperchloremia)might be
useful as prognostic indicators in this population.

MATERIALS ANDMETHODS
Study design and ethical approval

Ethical approval for the study was obtained from the Kartal
Koşuyolu High Specialization Training and Research Hospi-
tal Clinical Research Ethics Committee (Date: 20/05/2025,
Approval No: 2025/08/1128). The research was conducted
in accordance with the Declaration of Helsinki. This retro-
spective cohort investigationwas performed at a single centre,
the Intensive Care Unit of Tuzla State Hospital, and covered
the period from 1 December 2023 to 31May 2024.

Study population

A total of 221 individuals aged 65 years or older who were
admitted to the intensive care unit with a diagnosis of sep-
sis were included in the study population. Patient informa-
tion was retrospectively extracted from the electronicmedical
records. Demographic variables included age and sex. Lab-
oratory parameters included white blood cell (WBC) count,
haemoglobin level, platelet count (PLT), red cell distribution
width (RDW), albumin, calcium, sodium, potassium, crea-
tinine, lactate, C-reactive protein (CRP), and procalcitonin.
In addition, the Acute Physiology and Chronic Health Eval-
uation II (APACHE II) score and serum chloride values ob-
tained during the first 24 hours after ICU admission were
recorded.

Inclusion and exclusion criteria

Patients were eligible for inclusion if they were 65 years of age
or older, had a documented diagnosis of sepsis, andhad serum
chloride levels measured during the initial 24 hours of their
ICU stay. Individuals without chloridemeasurements within

this timeframe, those discharged or deceased within the first
24 hours, and those presenting with acute kidney injury prior
to ICU admissionwere excluded from the analysis. To ensure
a homogeneous cohort of elderly patients admitted for medi-
cal reasons, postoperative and trauma-related admissionswere
excluded.

Data collection and variables
Serum chloride levels were measured within the first 24 hours
after ICU admission and recorded for all patients. The
classification of patients was based on the following val-
ues: hypochloremia(<95 mEq/L),normochloremia(95–110
mEq/L), and hyperchloremia (>110 mEq/L). Each patient
was categorised according to the earliest measured chloride
value within the first 24 hours following admission to the
ICU.
At the conclusion of the ICU stay, patients were evalu-
ated according to two clinical outcomes: survivors and non-
survivors. The principal outcome of interest was overall mor-
tality within 28 days of ICU admission. In addition, co-
morbidities such as diabetes mellitus, hypertension, coronary
artery disease, heart failure, chronic obstructive pulmonary
disease, cerebrovascular disorders, and chronic kidney disease
were documented and evaluated to determine their relation-
ship with mortality.

Statistical analysis
All statistical analyses were performed using IBMSPSS Statis-
tics 22 (IBMCorp., Armonk, NY, USA). The Kolmogorov–
Smirnov test indicated that the numerical variables were not
normally distributed. Accordingly, comparisons of con-
tinuous variables between groups were performed with the
Mann–Whitney U test. The Kruskal–Wallis test was used for
comparisons of parameters among the chloride groups, with
Dunn’s test applied for post hoc analyses. Categorical vari-
ables were analysed using the Chi-square test, Fisher’s exact
test, the Fisher–Freeman–Halton exact test, or Yates’ conti-
nuity correction, when appropriate. Variables that were sig-
nificant in univariate analyses were further assessed using a
multivariable logistic regression model. The multivariable lo-
gistic regression model was adjusted for hyperchloremia, al-
bumin, calcium, creatinine, lactate, C-reactive protein, pro-
calcitonin, and APACHE II score. A p-value below 0.05 was
accepted as the threshold for statistical significance. Addition-
ally, a post-hoc power analysis for the observed association be-
tween hyperchloremia and 28-day mortality (α = 0.05, two-
tailed, confidence level 0.95) demonstrated an achieved power
(1–β) of 0.99.

RESULTS
A total of 221 elderly patients diagnosed with sepsis and ad-
mitted to the ICUwere included in the study, with ages rang-
ing from 66 to 97 years. Among them, 117 (52.9%) were
women and 104 (47.1%) were men. The overall mean age
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Figure 1. Distribution of survival and non-survival rates according to serum chloride levels.

Table 1. Distribution of serum chloride levels.

Chloride Level n %

Hypochloremia 26 11.8
Normochloremia 57 25.8
Hyperchloremia 138 62.4

Total 221 100
n = number.

of the study population was 80.87 ± 8.04 years. In total,
149 patients (67.4%) were non-survivors, while 72 (32.6%)
were survivors. As shown in Table 1, hypochloremia, nor-
mochloremia, and hyperchloremia were identified in 11.8%,
25.8%, and 62.4% of patients, respectively.
No significant differences were detected between the sur-
viving and non-surviving groups with respect to age or sex
(p>0.05).
Non-survivors exhibited significantly lower albumin
(p=0.001) and calcium levels (p=0.005), whereas creatinine
(p=0.011), lactate (p=0.002), CRP (p=0.033), procalci-
tonin (p=0.009), and APACHE II scores (p=0.001) were
significantly higher compared with survivors.
Serumchloride concentrationswere strongly and significantly
associated with mortality (p=0.001).
Chronic obstructive pulmonary disease was observed more
frequently among survivors (35.4%) than non-survivors
(18.4%), a difference that reached statistical significance
(p=0.039).
Other comorbidities showed no significant relationship with
mortality (p>0.05) (Table 2).
Hyperchloremia was more common in patients who died
(76.5%) than in those who survived (33.3%) (Figure 1).
When patients were stratified according to serum chloride
levels, no significant difference in age was observed among
the chloride groups (p>0.05). Albumin (p=0.004) and cal-

cium levels (p=0.006) differed significantly among the groups;
bothparameterswere lower in the hyperchloremia group than
in the hypochloremia and normochloremia groups (p<0.05).
Sodium levels also varied significantly among the chloride
groups (p=0.001) and were highest in patients with hyper-
chloremia. Similarly, APACHE II scores differed significantly
between groups (p=0.001), with higher scores observed in the
hyperchloremia group. No statistically significant differences
were detected among the chloride groups in terms of WBC,
hemoglobin, platelet count, RDW,potassium, creatinine, lac-
tate, CRP, or procalcitonin levels (p>0.05) (Table 4).
The prevalence of comorbidities differed significantly be-
tween chloride groups (p=0.048), with a higher preva-
lence in the hypochloremia group than the hyperchloremia
group. Chronic kidney disease was not observed in the
normochloremia group, but it was significantly more fre-
quent in patients with hypochloremia and hyperchloremia
(p=0.042). Mortality rates differed significantly among the
chloride groups (p=0.001), with the highest mortality ob-
served in the hyperchloremia group; no significant difference
in mortality was found between the hypochloremia and nor-
mochloremia groups (p>0.05).
In the backward stepwise logistic regression model con-
structed using variables that were significant in the univari-
ate analyses (hyperchloremia, albumin, calcium, creatinine,
lactate, CRP, procalcitonin, and APACHE II) the overall
model reached statistical significance (p=0.001; p<0.05) and
explained 83.2% of the variance (Nagelkerke R²). The ex-
planatory accuracy of the model was 92.8%. Hyperchloremia
and APACHE II score remained independent predictors of
mortality (p<0.05), with hyperchloremia increasing the odds
ofmortality by approximately 4.952-fold and each unit rise in
APACHE II score being associated with a 1.335-fold higher
mortality risk. Although lactate was not statistically signifi-
cant (p>0.05), it remained in the model and was associated
with a 1.329-fold increase in mortality risk (Table 3).
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Table 2. Comparisons according to mortality.

Survivors (n=72) Non-survivors(n=149) Total (n=221) pMedian (IQR) Median (IQR) Median (IQR)

Age (years) 81.5 (73-88) 81 (75-87) 81 (74-88) 0.7121

Sex n (%) 0.5432
Female 36 (50%) 81 (54.4%) 117 (52.9%)
Male 36 (50%) 68 (45.6%) 104 (47.1%)

WBC (×109/L) 11.87 (9.04-16.05) 13.2 (9.72-18.44) 12.9 (9.55-18.07) 0.1091
HGB (g/dL) 10.6 (8.53-11.98) 9.7 (8.3-11) 9.9 (8.4-11.55) 0.0661
PLT (×109/L) 240 (148.75-297) 211 (128.5-300) 217 (135-299) 0.2321
RDW (%) 51.15 (46.9-55.15) 52.3 (48.35-59.25) 52 (47.75-57.7) 0.0581
Albumin (g/L) 29 (24.25-31) 25 (21-29.5) 27 (22-30) 0.001*1
Calcium (mmol/L) 8.19 (7.81-8.51) 7.9 (7.3-8.4) 8 (7.48-8.42) 0.005*1
Sodium (mEq/L) 140.5 (137-145) 141 (136.5-147) 141 (137-146) 0.8391
Potassium (mEq/L) 3.88 (3.54-4.47) 3.96 (3.52-4.6) 3.92 (3.53-4.54) 0.4761
Creatinine (mg/dL) 1.01 (0.82-1.32) 1.3 (0.82-2.07) 1.19 (0.82-1.81) 0.011*1
Lactate (mmol/L) 1.95 (1.3-2.88) 2.5 (1.6-4.2) 2.3 (1.45-3.6) 0,002*1
CRP (mg/L) 131.25 (65.33-182) 152.8 (89.1-219.5) 140.3 (80.9-215.01) 0.033*1
Procalcitonin (ng/mL) 1.12 (0.28-4.76) 2.71 (0.71-10.15) 1.82 (0.57-9.2) 0.009*1
APACHE II 26 (23-32.75) 52 (44.5-56.5) 45 (32-55) 0.001*1

Chloride level n (%) 0.001*2
Hypochloremia 11 (15.3%) 15 (10.1%) 26 (11.8%)
Normochloremia 37 (51.4%) 20 (13.4%) 57 (25.8%)
Hyperchloremia 24 (33.3%) 114 (76.5%) 138 (62.4%)

Comorbidities n (%) 48 (66.7%) 98 (65.8%) 146 (66.1%) 0.8951
Diabetes mellitus n (%) 13 (27.1%) 31 (31.6%) 44 (30.1%) 0.7113
Hypertension n (%) 25 (52.1%) 55 (56.1%) 80 (54.8%) 0.6452
Coronary artery disease n (%) 8 (16.7%) 10 (10.2%) 18 (12.3%) 0.3973
Conjestive heart failure n (%) 8 (16.7%) 27 (27.6%) 35 (24.0%) 0.2153
Chronic obstrructive pulmonary disease n (%) 17 (35.4%) 18 (18.4%) 35 (24%) 0.039*3
Cerebrovascular disease n (%) 9 (18.8%) 29 (29.6%) 38 (26.0%) 30.2293
Chronic kidney disease n (%) 3 (6.3%) 9 (9.2%) 12 (8.2%) 0.7514
1MannWhitney U Test, 2Chi-square test, 3Continuity (yates) correction, 4Fisher’s Exact test *p<0.05. Continuous variables are expressed as median (IQR); categorical
variables as n(%). WBC: white blood cells HGB: hemoglobin, PLT: platelet RDW:red cell distribution width CRP: C-reactive protein APACHE II: Acute Physiologic and
Chronic Health Evaluation II.

Table 3. Logistic regression analysis of factors associated with mortality.

Variables in the Equation OR 95% CI pLower Upper

Step 6a
Hyperchloremia 4.952 1.512 16.219 0.008*
Lactate 1.329 0.939 1.88 0.109
APACHE II 1.335 1.224 1.456 0.001*

OR =Odds Ratio, CI = Confidence Interval *p<0.05. Variable(s)entered on step 1: Hyperchloramia, Albumin, Calcium, Creatinine, Lactate, CRP, Procalcitonin,
APACHE II. APACHE II = Acute Physiology and Chronic Health Evaluation II CRP: C-reactive protein.

DISCUSSION

This study analyzed the association between serum chloride
levels and 28-day mortality in elderly intensive care patients
with sepsis. This study demonstrated that hyperchloremia
was prevalent in the study population and significantly as-
sociated with mortality. Multivariate analysis demonstrated
that hyperchloremia was an independent risk factor for 28-
daymortality. This observation highlights the potential of hy-
perchloremia as an indicator of adverse outcomes in critically
ill septic individuals. The notably high 28-day mortality rate
observed in this study may be explained by the advanced age
of the cohort and the markedly elevated APACHE II scores
at ICU admission. Unlike previous studies that primarily in-

cluded mixed adult ICU populations, our study focuses ex-
clusively on geriatric (≥65 years) septic ICUpatients and eval-
uates serum chloride concentrations obtained within the first
24 hours after ICU admission, thereby providing incremen-
tal evidence on the prognostic significance of chloride distur-
bances in this high-risk group. This higher mortality rate dif-
fers from that reported in several previous studies and may
be partially explained by differences in patient characteristics.
Our study population consisted exclusively of elderly patients
admitted for medical conditions; postoperative and trauma-
related caseswere excluded and thereforewerenot represented
in the cohort.

In 2011, a prospective cohort study was the first to demon-
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Table 4. Comparison of study parameters by chloride levels.

Hypochloremia Normochloramia Hyperchloremia
p(n=26) (n=57) (n=138)

Median (IQR) Median (IQR) Median (IQR)

Age (years) 81 (70-86.5) 82 (73-88.5) 80.5 (75-88) 0.5171

Sex n (%) 0.042*2
Female 15 (57.7%) 22 (38.6%) 80 (58%)
Male 11 (2.3%4) 35 (61.4%) 58 (42%)

WBC(×109/L) 12,55 (9.4-15.8) 12.4 (8.8-15.4) 13.15 (9.8-18.8) 0.2871
HGB (g/dL) 9.15 (8.4-10.9) 10.4 (8.9-11.7) 9.85 (8.3-11.5) 0.2921
PLT(×109/L) 269 (155.5-325.8) 221 (136-298.5) 207.5 (133.8-299) 0.4021
RDW(%) 52.3 (48.4-58.9) 50.5 (46.3-54.6) 52.3 (48.4-59.2) 0.1051
Albumin (g/L) 29 (23.8-32.5) 28 (24-31) 25 (21-30) 0.004*1
Calcium (mmol/L) 8.225 (7.8-8.7) 8.12 (7.8-8.6) 7.9 (7.3-8.3) 0.006*1
Sodium (mEq/L) 136 (128.8-140.5) 139 (136-143) 143.5 (138-150) 0.001*1
Potassium (mEq/L) 4.015 (3.5-4.7) 3.91 (3.5-4.5) 3.905 (3.5-4.5) 0.7821
Creatinine (mg/dL) 1.235 (0.9-1.8) 1.11 (0.9-1.5) 1.25 (0.8-2.1) 0.4731
Lactate (mmol/L) 2.35 (1.3-3.7) 2 (1.3-3.3) 2.4 (1.6-3.8) 0.3851
CRP (mg/L) 149.5 (115.2-197) 119 (52.1-208.7) 146.35 (87.2-217) 0.1891
Procalcitonin (ng/mL) 2.355 (0.6-9.4) 1.09 (0.3-5) 2.3 (0.7-9.6) 0.1081
APACHE II 42 (25-52) 33 (24-44) 48 (39.8-56) 0.001*1
Comorbidities n (%) 22 (84.6%) 40 (70.2%) 84 (60.9%) 0.048*2
Diabetes mellitus n (%) 7 (31.8%) 11 (27.5%) 26 (31%) 0.9102
Hypertension n (%) 12 (54.5%) 24 (60%) 44 (52.4%) 0.7282
Coronary artery disease n (%) 0 (0%) 7 (17.5%) 11 (13.1%) 0.1123
Conjestive heart failure n (%) 8 (36.4%) 7 (17.5%) 20 (23.8%) 0.2502
Chronic obstrructive pulmonary disease n (%) 7 (31.8%) 16 (40%) 12 (14.3%) 0.005*2
Cerebrovascular disease n (%) 3 (13.6%) 8 (20%) 27 (32.1%) 0.1262
Chronic kidney disease n (%) 3 (13.6%) 0 (0%) 9 (10.7%) 0.042*3
Mortality n (%) 15 (57.7%) 20 (35.1%) 114 (82.6%) 0.001*2
1Kruskal Wallis Test, 2Chi-square test, 3Fisher Freeman Halton Exact test *p<0.05. Continuous variables are expressed as median (IQR); categorical variables as n(%).

strate an association between hyperchloremia and poorer out-
comes in critically ill patients.The study reported a significant
relationshipbetween increased serumchloride levels andmor-
tality among ICU patients [9]. Previous evidence also indi-
cates that increased serum chloride levels predict mortality in
both early and late phases. Supporting those observations, the
present results show a clear relationship between high chlo-
ride levels and 28-day mortality among geriatric septic pa-
tients [10].
Aggressive fluid therapy in sepsis management frequently in-
volves chloride-rich crystalloid solutions. However, beyond
achieving hemodynamic stabilization, this approachmay lead
to metabolic disturbances associated with increased chloride
load. Recent observational data suggest that differences in the
content of resuscitation fluids may play a determining role in
patient outcomes.The administration of resuscitation fluids
containing low chloride or balanced crystalloids has been doc-
umented to result in a reduction inmortality [11,12]. Overall,
the evidence indicates that fluid composition is an important
factor shaping prognosis in critical illness, while limiting chlo-
ride excess may positively affect patient outcomes. Although
we were unable to analyze specific fluid administration pat-
terns, the observed association suggests that minimizing chlo-
ride load may benefit geriatric septic patients, aligning aligns
with emerging evidence in fluid resuscitation research.
Multiple studies suggest that patients with low chloride lev-

els experience higher mortality during sepsis. Evidence from
one report further indicates that a moderate increase in chlo-
ride within 24 hours may be associated with better outcomes
in those initially presenting with hypochloremia. In addi-
tion, other studies have described an L-shaped relationship
between serum chloride levels and mortality, suggesting that
particularly low chloride levels may be linked to worse out-
comes [4]. A further study was conducted to compare the
mortality rates of patientswith septic shock according to their
chloride status (hypochloremia, normochloremia, and hyper-
chloremia). Prior work has shown hypochloremia to be an
independent determinant of elevated in hospital mortality
[13]. In contrast, other investigators have linked early hyper-
chloremia with poorer outcomes, independent of metabolic
or renal variables [14]. Our current findings similarly demon-
strate a significant association between elevated chloride levels
and mortality among older patients with sepsis.This finding
suggests that both low and high chloride levels can disrupt
physiological balance; however, in elderly septic patients, el-
evated chloride levels appear to represent a more prominent
prognostic risk. The observed variations across studies may
be attributed toheterogeneity inpatient populations andvari-
ability in fluid therapy practices.

The relationship between hyperchloremia and mortality can
be explained by several pathophysiologicalmechanisms. It has
been demonstrated that an elevation in chloride concentra-
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tion induces vasoconstriction at the macula densa, thereby
reducing renal blood flow. Additionally, elevated chloride
levels have been observed to induce vasoconstriction in re-
nal arterioles, thereby exerting a deleterious effect on renal
perfusion [15]. These mechanisms have been demonstrated
to contribute to renal hypoperfusion and acidosis. Hyper-
chloremicmetabolic acidosis resulting fromchloride overload
has been demonstrated to decrease myocardial contractility
and impair vasopressor responsiveness [16]. As demonstrated
by experimental sepsis models, elevated chloride levels have
been shown to trigger proinflammatory responses [17]. Col-
lectively, thesemechanisms provide plausible physiological ex-
planations for the negative impact of hyperchloremia onmor-
tality.
Multivariate analysis in our study further suggested that
the detrimental effect of hyperchloremia on mortality might
be more pronounced in patients with higher APACHE II
scores. Concomitant hyperchloremia and elevated APACHE
II scores are hypothesised to result in deleterious clinical out-
comes through mechanisms including an enhanced inflam-
matory response, renal hypoperfusion, and metabolic acido-
sis. This finding suggests that the prognostic impact of chlo-
ride imbalance may also be associated with disease severity.
Multiple studies involving heterogeneous ICU populations
have reached similar conclusions. Hyperchloremia consis-
tently emerged as a predictor of higher mortality in surgi-
cal and medical intensive care units and among patients with
cerebral bleeding [18-20]. Our data echo these observations,
adding further support to the growing recognition of serum
chloride as a prognostic indicator in critical illness.
Recent research on artificial-intelligence-based clinical deci-
sion support systems has also highlighted the potential of
serum chloride as a prognostic parameter. In one study, the
incorporation of baseline serumchloride levels into predictive
models resulted in enhanced prognostic accuracy [21]. This
finding underscores that chloride is not merely a biochemical
parameterbut also a clinicallymeaningful variable that should
be considered in decision-making processes.
A notable strength of this study is its focus on geriatric pa-
tients with sepsis. Given that electrolyte imbalances may have
distinct clinical consequences in elderly patients, this analysis
constitutes an original contribution to the literature. More-
over, incorporatingmultivariate analysis and theAPACHE II
score into the model enhanced the reliability of evaluating in-
dependent effects on mortality.

Limitations

There are a few notable limitations to this research. Because
the analysis was conducted retrospectively, some degree of ob-
servational bias or the effects of variables not captured in the
dataset may persist. The absence of detailed data regarding
the type, duration, and amount of fluid therapymakes it chal-
lenging to ascertain whether hyperchloremia was a cause or a

consequence. This limitation impairs the ability to determine
the extent to which hyperchloremia reflects underlying dis-
ease severity rather than iatrogenic factors. However, incor-
poration of clinical variables such as the APACHE II score,
lactate, and creatinine into the model was intended to min-
imise this effect.
Secondly, because this investigation was conducted at a sin-
gle institution, the external validity of the results may be lim-
ited. The limited sample size and relatively short data collec-
tion period may reduce the generalisability and statistical re-
liability of the findings; therefore, the results should be inter-
preted with appropriate caution. Moreover, disease severity
was evaluated solely through the APACHE II scoring system;
the omission of additional indices such as SOFA or SAPS II
might have limited a more multidimensional assessment of
disease severity.
Third, serum chloride concentrations were recorded only
during the initial 24 hours after ICU admission, which pre-
vented the analysis of temporal variations and their potential
prognostic implications.
Additionally, the wide confidence interval around the ad-
justed odds ratio for hyperchloremia indicates imprecision in
the effect estimate and therefore warrants cautious interpreta-
tion.
Lastly, because of the retrospective design, therapeutic deci-
sions regarding fluid administration and electrolyte correc-
tion were not entirely uniform across patients.This may rep-
resent a significant confounding factor influencing chloride
variability.
The absence of pathogen-specific data, detailed information
regarding antibiotic modification, and subgroup compar-
isons across chloride categories constitutes a methodological
limitation and should be considered when interpreting the
study’s findings.

CONCLUSION
Our findings indicate that elevated serum chloride levels cor-
relate strongly with 28-day mortality among elderly septic
patients in the ICU. Multivariate analysis revealed hyper-
chloremia as an independent predictor of death, with its ad-
verse impact becoming more evident as disease severity in-
creased. These findings suggest that routine monitoring of
serum chloride levels and careful management of chloride
load during fluid therapy may play an important role in im-
proving prognosis among elderly patients with sepsis.
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MAIN POINTS

• Children with severe adenoid
hypertrophy (>50% nasopharyngeal
obstruction) exhibited significantly
higher PEDI-EAT-10 and CVHI-10
scores, indicating greater self-
reported severity of swallowing and
voice-related symptoms.

• Self-reported dysphonia (CVHI-10
≥9) and swallowing difficulties
(PEDI-EAT-10 >3) were most
prevalent in patients with severe
adenoid hypertrophy, whereas such
symptoms were rare or absent in
controls.

• Adenoidectomy led to significant
postoperative improvements in
self-reported swallowing and
voice symptoms, as assessed by
questionnaire scores.
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ABSTRACT

Aim: To evaluate self-reported swallowing difficulties and voice-related symptoms in children
with varying degrees of adenoid hypertrophy and in those who had undergone adenoidectomy.
Materials and Methods: Children aged 5--12 years diagnosed with adenoid hypertrophy were
included in this prospective cohort study. Patients were categorized into three groups based on
the degree of nasopharyngeal obstruction: no detectable adenoid hypertrophy (control), adenoid
hypertrophy occupying less than≤50% of the nasopharyngeal space, and adenoid hypertrophy
occupying more than >50% of the nasopharyngeal space. Swallowing and voice functions were
assessed using validated self-report screening questionnaires: the Children’s Voice Handicap
Index-10 (CVHI-10) and the Pediatric Eating Assessment Tool-10 (PEDI-EAT-10). For patients
who underwent adenoidectomy, both questionnaires were re-administered one month postoper-
atively and compared with preoperative results.
Results: A total of 113 children (mean age 7.41 ± 2.00 years) were included. Group comparisons
showed that PEDI-EAT-10 and CVHI-10 scores were significantly higher in Group 3 than in Group
1 (p<0.001). Adenoidectomy significantly reduced both scores postoperatively (p<0.001). Self-
reported dysphonia was observed in 15% of patients, and self-reported swallowing difficulties
in 25.7% of patients, with the highest prevalence in Group 3.
Conclusion: Severe adenoid hypertrophy was associated with greater patient-reported impair-
ments in swallowing and voice function compared with controls. Adenoidectomy led to signifi-
cant postoperative improvements in swallowing and voice symptoms, as assessed by screening
tools.
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INTRODUCTION

The adenoid is lymphoid tissue located on the roof and pos-
terior wall of the nasopharynx [1]. Adenoid hypertrophy
leads to prominent symptoms such as nasal obstruction, snor-
ing, chronic oral breathing, and sleep-disordered breathing
in children [2]. The tonsils and adenoids, situated within
the vocal tract, can narrow the airway, hinder sound produc-
tion, and alter voice quality [3]. Enlargement of these struc-
tures may result in nasal obstruction, subsequent oral breath-
ing, and dehydration of the laryngeal mucosa. Indeed, it has

been demonstrated that even 15 minutes of oral breathing in
healthy adults increases phonation threshold and vocal effort
[4]. Mucosal dryness elevates vocal fold friction, leading to
vocal edema and fatigue. Furthermore, children with ade-
noid hypertrophy frequently present with speech disorders;
hyponasality commonly occurs because nasal resonance is re-
duced by the adenoids [5].

Adenoidectomy, performed alone or with tonsillectomy, is
a common procedure in pediatric otorhinolaryngology [6].
However, postoperative complications such as pain, bleeding,
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edema, nasopharyngeal stenosis, hypernasality, and velopha-
ryngeal insufficiencymay occur [7]. Velopharyngeal dysfunc-
tion arises from inadequate closure during speech and swal-
lowing, resulting in hypernasality and nasal air escape or nasal
regurgitation of food [8]. Adenoid hypertrophy may play a
modulatory role in velopharyngeal closure, acting as a pas-
sive cushion that facilitates velar contact in some children;
therefore, adenoid hypertrophy alone is not considered a di-
rect cause of velopharyngeal insufficiency. Instead, velopha-
ryngeal function appears to depend on the balance between
upper airway anatomy and neuromuscular coordination, and
latent velopharyngeal insufficiency may become evident fol-
lowing adenoidectomy. Moreover, effective velopharyngeal
closure is relevant not only for speech but also for swallowing.
Incomplete nasopharyngeal closure may result in nasal air
escape or, less commonly, nasal regurgitation of food [8].
Adequate velopharyngeal function is essential for normal
speech development, and surgical interventions involving the
oropharynx andnasopharynx, such as adenoidectomy,may al-
ter the pharyngealmusculature and contribute to velopharyn-
geal insufficiency [9].
There is a close relationship among airway muscles, airway
anatomy, and the coordination of respiration and swallow-
ing. Chronic oral breathing may lead to muscle prolapse and
positional changes in orofacial structures [10]. In mouth-
breathing children, swallowing has been shown to involve al-
tered tongue activity patterns, with delayed and less coordi-
nated tongue–palate contact, reflecting impaired neuromus-
cular control during the oral phase of swallowing [10]. The
primary function of the upper airway is to facilitate the pas-
sage of air and food from the oral cavity to the oropharynx;
however, obstructive factors may disrupt this process, result-
ing in dysphagia during the pharyngeal phase [11]. Swallow-
ing consists of the oral preparatory, oral transit, pharyngeal,
and esophageal phases. During this process, food is chewed,
mixed with saliva, and transported to the pharynx by the
tongue, while the soft palate closes the choanae to prevent
nasal regurgitation and the pharyngeal muscles transfer the
bolus to the lower pharynx [12,13]. Effective swallowing re-
quires precise coordination between breathing and degluti-
tion, and studies have demonstrated that alterations in up-
per airway patency and nasal airflow can disrupt breathing–
swallowing coordination, leading to reduced swallowing ef-
ficiency [14]. Dysphagia may arise from various factors that
interfere with bolus transit or sensitivity at any stage of this
sequence [15]. Radiological, endoscopic, and manometric
methods used for definitive diagnosis are often invasive and
costly.
The aim of this study is to identify pediatric patients with
self-reported swallowing difficulties and voice-related symp-
toms among those with varying degrees of adenoid hypertro-
phy and after adenoidectomy, using two non-invasive screen-
ing questionnaires: the Children’s Voice Handicap Index-
10 (CVHI-10) and the Pediatric Eating Assessment Tool-10

(PEDI-EAT-10). Although swallowing and voice functions
have been investigated in patients undergoing tonsillectomy,
studies focusing exclusively on adenoid hypertrophy remain
limited. Moreover, the evaluation of patient-reported swal-
lowing and voice symptoms following adenoidectomy has re-
ceived relatively little attention in the literature. Therefore,
this study aims to provide additional data on the association
between severity of adenoid hypertrophy and self-reported
swallowing and voice symptoms in the pediatric population.

MATERIALS ANDMETHODS
This study was conducted on pediatric patients aged 5–12
yearswhopresented to theOtorhinolaryngology (ENT)Out-
patient Clinic of the University Faculty ofMedicineHospital
andwere diagnosedwith adenoid hypertrophy. The age range
of 5–12 years was selected because children under 5 might
have difficulty understanding and completing the question-
naires, whereas children over 12 might exhibit voice changes
related to developmental factors that could affect the results.
Adenoidectomywas indicated for sleep-disordered breathing.
Exclusion criteria included craniofacial malformations (in-
cluding cleft palate), prior adenotonsillar surgery, neuromus-
cular disorders, systemicdiseases, candidacy for tonsillectomy,
nasal septal deviation or hypertrophic obstructive turbinates,
tonsillar hypertrophy (grades 3 and 4), or palatal anomalies.
The study protocol was approved by the Kırıkkale Univer-
sity Non-Interventional Research Ethics Committee (Date:
14.11.2024, Decision No: 2024.11.14). Written informed
consent was obtained from the parents of all participants, and
the principles of the Declaration of Helsinki were followed.

Assessment of adenoid size
All patients underwent flexible nasopharyngoscopy (Karl
Storz, Tuttlingen, Germany), and the degree of adenoid ob-
struction was assessed based on the proportion of the na-
sopharyngeal airway occupied by adenoid hypertrophy. The
“endoscopic adenoidpercentage”was defined as the estimated
percentage of choanal obstruction caused by the adenoid hy-
pertrophy, visually determined during endoscopic examina-
tion. Each examination was independently evaluated by two
experienced otorhinolaryngologists who were blinded to the
questionnaire results. The adenoid size was categorized as
causing ≤50% or >50% nasopharyngeal obstruction by con-
sensus of the two observers. In cases of initial disagreement,
the recorded endoscopic images were reviewed jointly, and a
final decision was reached by consensus. This approach was
used to minimize inter-observer variability and improve mea-
surement reliability.

Study groups
All patients underwent a general ENT examination and flex-
ible nasopharyngoscopy (Karl Storz, Tuttlingen, Germany).
Based on the size of the adenoid hypertrophy in the nasophar-
ynx, patients were categorized into three groups:
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• Group 1 (Control group): The control group consisted
of patients who were referred for evaluation of nasal
obstruction or snoring but were found to have no de-
tectable adenoid hypertrophy on nasopharyngoscopic
examination (Figure 1a).

• Group 2: Children with adenoid hypertrophy occupy-
ing≤50% of the nasopharynx (Figure 1b).

• Group 3: Children with adenoid hypertrophy occu-
pying >50% of the nasopharynx (Figure 1c) Most pa-
tients in this group were candidates for surgical treat-
ment. Those who underwent adenoidectomy were re-
evaluated in the first postoperative month.

Demographic data (age and sex) for all patientswere recorded.
The participants were administered the Children’s Voice
Handicap Index-10 (CVHI-10) and the Pediatric Eating As-
sessmentTool-10 (PEDI-EAT-10) questionnaires. ForGroup
3 patients undergoing adenoidectomy, the same Question-
naires were re-administered at one month postoperatively,
and the preoperative and postoperative results were com-
pared. Validated parent- or self-reported questionnaires were
used as non-invasive tools to assess symptom severity and
functional impact related to voice and swallowing in the pe-
diatric population. Both CVHI-10 and PEDI-EAT-10 are
screening instruments and do not provide a definitive diag-
nosis of dysphonia or dysphagia.

Figure 1. Nasopharyngoscopic images: (a) absence of adenoid hyper-
trophy; (b) adenoidhypertrophy occupying≤50% of the nasopharyngeal
space; (c) adenoid hypertrophy occupying >50% of the nasopharyngeal
space.

Children’s Voice Handicap Index-10 (CVHI-10)
The CVHI-10 is a self-assessment tool for pediatric dyspho-
nia, completeddirectly by children. Itwas developedbyRicci-
Maccarini et al. [16]. The scale consists of 10 items and as-
sesses how dysphonia affects the child’s daily life and their
perception of their voice disorder. In younger children, par-
ticularly those aged 5–7 years, the questionnaire was com-
pleted with parental assistance to ensure comprehension and
response accuracy. Responses are rated using a Likert scale
ranging from 0 to 3. The Turkish version of the CVHI-10
has been validated as a reliable and sensitive instrument for

evaluating children’s perceptions of voice disorders [17]. The
internal consistency of the Turkish-CVHI-10 was 0.87. The
Cronbach’s alpha coefficient is considered good. The cut-off
point of the Turkish version of the CVHI-10 is 9, whereas
in the original CVHI-10, it was 4. A CVHI-10 score of 9 or
higher is considered indicative of dysphonia [17].

Pediatric Eating Assessment Tool-10 (PEDI-EAT-10)
The Eating Assessment Tool-10 (EAT-10) is a widely used,
self-administered, symptom-specific outcome measure that
has been validated for clinical use [18]. Beyond assessing the
risk of dysphagia from the patients’ perspective, it also serves
as a valuable tool for identifying dysphagia symptoms and
evaluating their prevalence in associated clinical conditions
[19]. In children aged 5–7 years, the PEDI-EAT-10 was com-
pleted with parental assistance, whereas older children com-
pleted the questionnaire independently under supervision.
The PEDI-EAT-10 version consists of ten questions and is a
valid and reliable symptom-specific instrument for children,
with its validity demonstrated in Turkish pediatric popula-
tions [20,21]. An EAT-10 score greater than 3was considered
indicative of aspiration risk [18].

Surgical technique (Adenoidectomy)
All surgical procedures were performed under general anes-
thesia with oral endotracheal intubation. The child was posi-
tioned supine in the Rose position, and adenoidectomy was
performed using the conventional curettage technique with

Figure 2. Conventional curettage technique performed using a Boyle--
Davis mouth gag.
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Table 1. Patient demographics and clinical characteristics.

Parameter Group 1 Group 2 Group 3 p
(No Adenoid) (≤50% Adenoid) (>50% Adenoid)

(n=36) (n=36) (n=41)

Age 7.67±1.82 7.39±2.01 7.20±2.15 0.591
Gender (Female/Male) 14/22 22/14 8/33 0.001
Endoscopic Adenoid Size, % 0 42.2±9.29 73.54±10.62 <0.001
Bold values indicate statistical significance.

Table 2. PEDI-EAT-10 and CVHI-10 scores.

Group 1 Group 2 Group 3 p
(No Adenoid) (≤50% Adenoid) (>50% Adenoid)

(n=36) (n=36) (n=41)

PEDI-EAT-10 0.64±1.07 3.22±4.24 6.20±8.61 <0.001
CVHI-10 0.94±1.95 3.81±4.45 6.00±7.66 <0.001
All scores are given as mean±SD. Bold values indicate statistical significance.

Table 3. Pre- and Postoperative PEDI-EAT-10 and CVHI-10 scores in ade-
noidectomy patients.

Group 3 (>50% Adenoid)
(n=30 Undergoing adenoidectomy)

PEDI-EAT-10

Preoperative 2.00 (0.00-10.25)
Postoperative 0.00 (0.00-1.25)
p <0.001

CVHI-10

Preoperative 2.50 (0.00-8.25)
Postoperative 0.00 (0.00-2.00)
p <0.001

All scores are given as median (25th-75th percentile). P-values were obtained using
the Wilcoxon signed-rank test. Bold values indicate statistical significance.

the aid of a Boyle-Davis mouth gag (Figure 2). A nasopharyn-
geal pack was placed for five minutes. After removal of the
pack, hemostasis was achieved, and the procedure was com-
pleted. No serious intraoperative or postoperative complica-
tions occurred.

Statistical analysis
All statistical analyses were performed using IBMSPSS Statis-
tics, version 21.0 (Armonk, NY: IBM Corp.). The distri-
butions of the variables were assessed using both analytical
(Kolmogorov–Smirnov test) and visual methods (histograms
and probability plots). Categorical variables were compared
using the chi-square test or Fisher’s exact test, as appropriate.
Continuous variables were analyzed by one-way analysis of
variance (ANOVA) or the Kruskal–Wallis test, depending on
their distributional characteristics. Forwithin-group compar-
isons of preoperative and postoperative measurements in pa-
tients undergoing adenoidectomy, the Wilcoxon signed-rank
test was used because the paired data were not normally dis-
tributed. Post-hoc pairwise comparisons were adjusted using
the Bonferroni correction. Results are presented as counts

and percentages for categorical variables, mean ± standard
deviation for normally distributed continuous variables, and
median with interquartile range (25th–75th percentiles) for
non-normally distributed continuous variables. A post hoc
power analysis was performed using the observed effect size
(Cohen’s d = 0.88) obtained from the comparison between
Group 1 andGroup 3 on both the PEDI-EAT-10 andCVHI-
10 scores. At a two-tailed significance level of 0.05 (95% con-
fidence), the achieved statistical power exceeded 0.95, indi-
cating that the sample size was sufficient to detect clinically
meaningful differences between groups.

RESULTS
A total of 113 pediatric patients with a mean age of 7.41 ±
2.00 years were included in the study. Of these, 44 were fe-
male (38.9%) and 69 were male (61.1%). The overall mean
Children’s Voice Handicap Index-10 (CVHI-10) score was
3.69 ± 5.72, and the overallmean Pediatric EatingAssessment
Tool-10 (PEDI-EAT-10) scorewas 3.48±6.15. Demographic
and clinical characteristics of the patients are presented in Ta-
ble 1. There were no significant differences in age among the
groups (p>0.05). However, sex distribution differed signifi-
cantly among groups (p = 0.001), with a higher proportion
of females in Group 2 and of males in Groups 1 and 3. En-
doscopic adenoid percentage also differed significantly among
groups (Table 1). Group 2 had a mean adenoid percentage of
42.2 ± 9.29%, whereas Group 3 had a mean adenoid percent-
age of 73.54 ± 10.62%.
Group PEDI-EAT-10 and CVHI-10 scores are shown in Ta-
ble 2. A significant difference was observed in PEDI-EAT-10
scores among the groups (p<0.001). Post hoc analysis revealed
that this difference was attributable to higher scores in Group
3 than in Group 1 (p<0.001). The magnitude of this differ-
ence was large (Cohen’s d = 0.88, 95% CI: 0.41–1.35). No
significant differences were found betweenGroups 1 and 2 (p
= 0.178) or between Groups 2 and 3 (p = 0.077). CVHI-10
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Table 4. Distribution of self-reported dysphonia and swallowing difficulties across the study groups.

Parameter Group 1 Group 2 Group 3 Total
(No Adenoid) (≤50% Adenoid) (>50% Adenoid)

(n=36) (n=36) (n=41)

Normal Voice/ Self-reported dysphonia symptoms (CVHI-10≥9) 36/0 30/6 30/11 96/17
Percentage (%) 100%/0% 83.3%/16.7% 73.2%-26.8% 85.0%-15.0%

Normal Swallowing/ Self-reported swallowing difficulties (PEDI-EAT-10 >3) 35/1 26/10 23/18 84/29
Percentage (%) 97.2%-2.8% 72.2%-27.8% 56.1%-43.9% 74.3%-25.7%
All values are presented as number (n) and percentage (%).

scores also differed significantly among the three groups. Post
hoc analysis showed that the difference was driven by higher
scores in Group 3 compared with Group 1 (p<0.001), with a
large effect size (Cohen’s d = 0.88, 95% CI: 0.41–1.35). No
significant differences were observed betweenGroups 1 and 2
(p = 0.078) or between Groups 2 and 3 (p = 0.230).
In Group 3, 30 patients underwent adenoidectomy and 11
did not. Pre- and postoperative PEDI-EAT-10 and CVHI-10
scores for the surgical subgroup are presented inTable 3. Both
PEDI-EAT-10 andCVHI-10 scores improved significantly af-
ter adenoidectomy (p<0.001), indicating that the procedure
reduced the symptom burden.
The risk of dysphonia (CVHI-10 ≥9) was observed in 15%
of patients (Table 4). The highest prevalence was noted in
Group 3 (26.8%), whereas no patients in Group 1 exhibited
this risk. In Group 3, four of the 11 nonsurgical patients
and seven of the 30 surgical patients exhibited risk of dyspho-
nia preoperatively. Among the surgical subgroup, 23 patients
had normal voice, while 7 exhibited risk of dysphonia before
surgery. At the first postoperative month, only one patient
continued to exhibit risk of dysphonia.
A Risk of dysphagia (PEDI-EAT-10 >3) was identified in
25.7% of patients (Table 4). The highest prevalencewas noted
in Group 3 (43.9%), while Group 1 had the lowest prevalence
(2.8%). In Group 3, five of the 11 nonsurgical patients exhib-
ited a risk of dysphagia. Among the 30 patients who under-
went adenoidectomy, 13 exhibited risk of dysphagia preoper-
atively, but only two continued to exhibit risk of dysphagia
postoperatively.

DISCUSSION

Hypertrophic adenoids may facilitate velopharyngeal closure
by narrowing the space between the soft palate and the poste-
rior pharyngeal wall. Their removal during adenoidectomy
suddenly enlarges this space, which can cause transient hy-
pernasality, whereas hypertrophy itselfmay lead to hyponasal-
ity [5, 22-24]. Because the vocal tract acts as an acoustic res-
onator, any structural alterations of the oral or pharyngeal
cavities can modify resonance characteristics and affect per-
ceived voice quality [3,25].
In this study, larger adenoid size was associated with higher
Children’s Voice Handicap Index-10 (CVHI-10) scores and

increased self-reported dysphonia symptoms. After ade-
noidectomy, CVHI-10 scores improved significantly, indi-
cating a positive effect of surgery on voice-related quality
of life. These findings suggest that mechanical obstruction
and altered resonance due to adenoid hypertrophy predom-
inantly influence patients subjective perception of voice, as
reflected by patient-reported outcome measures. Although
CVHI-10 scores were higher in Group 3 than in Group 2,
the lack of a statistically significant difference between these
two groups may suggest that once adenoid hypertrophy ex-
ceeds a certain threshold of nasopharyngeal obstruction, fur-
ther increases in size do not proportionally worsen perceived
voice-related symptoms. Previous research has yielded com-
parable findings. Salami et al. reported a significant im-
provement in Voice Handicap Index (VHI) scores after ton-
sillectomy and/or adenoidectomy [26]. Naraghi et al. ob-
served postoperative improvements in Pediatric VoiceHandi-
cap Index (PVHI) andPediatricVoice-RelatedQuality of Life
(PVRQOL) scores among 86 children who underwent ade-
notonsillectomy [27]. Similarly, Karakurt et al. found im-
proved PVHI scores among children with tonsillar hypertro-
phy after adenotonsillectomy, although objective acoustic pa-
rameters remained unchanged; this parallels our observation
that symptom-based voice outcomes improve following relief
of upper airway obstruction [28].

Abdel-Aziz et al. showed that children with severe adenoid
hypertrophy frequently exhibited preoperative hyponasality
and transient postoperative hypernasality, which typically re-
solved within three months, reflecting temporary resonance
adaptation after surgery [29]. Pinto et al. also reported im-
proved nasal resonance following adenoidectomy or adeno-
tonsillectomy, without significant changes in acoustic para-
meters [3]. Together with the present results, these find-
ings suggest that adenoidectomymay improve perceived voice
quality, even in the absence of objective acoustic assessment in
the present study.

Liu et al. found no significant differences in acoustic para-
meters after tonsillectomy with or without adenoidectomy.
However, aerodynamic analyses demonstrated increasedmax-
imum phonation time and reduced subglottic pressure, sug-
gesting improved phonatory efficiency postoperatively [30].
These physiological improvements may explain the postop-
erative reduction in CVHI-10 scores observed in our cohort.
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Brkic et al. evaluated 1,258 pediatric patients undergoing ade-
notonsillectomy, tonsillectomy, or adenoidectomy and ob-
served transient postoperative increases in fundamental fre-
quency and decreases in jitter and shimmer values, indicating
voice-parameter fluctuations [31], which is consistent with
the early postoperative improvement seen in our surgically
treated patients.
Lundeborg et al. compared tonsillectomy plus adenoidec-
tomy with tonsillotomy plus adenoidectomy in 67 children
and reported preoperative hyponasality and altered acoustic
parameters. Postoperatively, perceptual voice quality normal-
ized, although minor acoustic differences persisted; these did
not differ significantly between surgical methods [5]. This
aligns with our findings that subjective voice outcomes im-
proved following adenoidectomy. Inja et al. observed im-
provements only in subjective measures [32]. Furthermore,
a meta-analysis byWang et al., including 23 studies and 2,154
children, reported mild improvements in shimmer and the
soft phonation index at one month postoperatively, but no
significant changes at three months, suggesting that postop-
erative voice alterations are usually transient [33], indicating
that the primary benefit of adenoidectomy may be symptom
relief rather than sustained acousticmodification. In contrast,
Lee et al. demonstrated significant postoperative reductions
in both perceptual and acoustic voice parameters, includ-
ing PVHI, jitter, shimmer, and noise-to-harmonic ratio, sug-
gesting more sustained voice improvement following surgery
[25]. These discrepancies may be attributable to heterogene-
ity among studies, including differences in patient popula-
tions, surgical procedures, follow-up duration, and outcome
measures.
In the present study, self-reported swallowing difficulties
(PEDI-EAT-10>3) were detected in 25.7% of all participants,
with the highest prevalence observed in the group with se-
vere adenoid hypertrophy (43.9%). This finding suggests
that enlarged adenoids may contribute to swallowing diffi-
culties in children by mechanically interfering with normal
bolus passage and oropharyngeal coordination. Group 3,
with the highest mean adenoid percentage (73.54 ± 10.62),
also exhibited significantly higher PEDI-EAT-10 scores than
Group 1 (p<0.001), indicating a dose–response relationship
between adenoid size and symptom severity. The absence
of a significant difference between Groups 2 and 3 may
reflect compensatory swallowing mechanisms or symptom
adaptation once moderate obstruction is present, limiting
further symptom escalation despite increasing adenoid size.
Furthermore, in Group 3 patients in patients who under-
went surgery, postoperative evaluations revealed significant
decreases in PEDI-EAT-10 scores (p<0.001), while the preva-
lence of self-reported swallowing difficulties decreased from
43.3% to 6.6%, indicating that adenoidectomy effectively alle-
viated swallowing-related symptoms. These results align with
previous evidence demonstrating that adenotonsillar hyper-
trophy can impair oral motor and swallowing function.

Lundeborg et al., evaluated children using the Nordic Orofa-
cial Test–Screening (NOT-S) and reported marked improve-
ment in preoperative oral motor difficulties, such as chew-
ing and swallowing, six months after adenotonsillar surgery
[34]. This is consistent with our findings that relief of up-
per airway obstruction is associated with improvement in
swallowing-related symptoms. Similarly, de Oliveira Branco
et al., described persistent alterations in swallowing dynam-
ics, including reduced labial seal and vallecular residue, even
years after adenotonsillectomy, suggesting that subtle func-
tional adaptations may persist [35], suggesting that although
symptom-based improvement is common, subtle functional
adaptations may persist beyond clinical recovery. Walsh et al.
also demonstrated significant postoperative improvement in
feeding behavior, assessed by the Pediatric Eating Assessment
Tool, particularly in meal fatigue and avoidance of chewable
foods, thereby confirming the beneficial impact of adenoton-
sillectomyon feeding efficiency [36]. This findingparallels the
significant reduction in PEDI-EAT-10 scores observed in our
surgical cohort.
Collectively, these findings indicate that adenoid hypertro-
phy is associated with measurable impairment in swallowing,
which can be substantially reduced following adenoidectomy.
However, the persistence of subtle or long-term orofacial mo-
tor adaptations, as reported by de Oliveira Branco et al., un-
derscores the importance of postoperative follow-up, particu-
larly in children with severe preoperative obstruction [35].
A major strength of this study lies in its prospective de-
sign and the inclusion of a relatively large pediatric cohort
with clearly defined diagnostic criteria. The use of validated
questionnaires (PEDI-EAT-10 andCVHI-10) allowed for the
standardized assessment of swallowing and voice functions.
Moreover, preoperative and postoperative comparisons pro-
vided valuable insights into functional recovery following ade-
noidectomy.
However, the absence of a phoniatric unit and a speech thera-
pist limited the ability to perform objective acoustic and swal-
lowing analyses. Although instrumental diagnostic meth-
ods such as videofluoroscopic swallowing study (VFSS) and
fiberoptic endoscopic evaluation of swallowing (FEES) are
considered the gold standard for detecting swallowing disor-
ders, they were not included because they are invasive, costly,
and often impractical in pediatric populations. In addition,
the unequal gender distribution among the study groups and
the relatively small number of patients undergoing adenoidec-
tomy may limit the generalizability of the findings.

CONCLUSION

This study demonstrates that adenoid hypertrophy negatively
affects self-reported swallowing difficulties and voice-related
symptoms in children, particularly when nasopharyngeal ob-
struction exceeds 50%. Functional impairment was signifi-
cant only in those with severe obstruction, compared with
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controls, as assessedusing validated self-report screeningques-
tionnaires rather thanbydirect instrumental evaluation. Ade-
noidectomy led to marked improvements in patient-reported
outcomes for swallowing and voice, emphasizing its role in al-
leviating symptom burden. Because these findings are based
on screening tools (PEDI-EAT-10 andCVHI-10), they reflect
perceived functional impact rather than objectively measured
swallowing or voice function. Incorporating subjective tools
such as the PEDI-EAT-10 and CVHI-10 as initial screening
instruments may aid clinical evaluation; however, objective
instrumental assessments (e.g., VFSS or FEES) should be con-
sidered in future studies to confirm and further characterize
functional outcomes.
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MAIN POINTS

• Nearly half (47.0%) of cataract
surgery candidates had non-
protective anti-HBs (<10 mIU/mL),
and two-thirds (67.7%) had lev-
els ≤100 mIU/mL, indicating
substantial immunity gaps.

• HBsAg positivity was 4.4%, high-
lighting silent carriers identified
at preoperative screening with
infection-control implications.

• Female sex was independently as-
sociated with non-protective titers
(aOR 1.49, 95% CI 1.04–2.13).

• Pragmatic contribution: routine pre-
operative serology in ophthalmol-
ogy functions as an opportunistic
public-health checkpoint to trigger
booster vaccination and linkage-to-
care.

Cite this article as: Karatas E, Koksaldi S,
Kayabasi M, Oruc Y. HBV immunity gaps in
older adults undergoing cataract surgery:
Opportunistic screening and linkage to
care. Ann Med Res. 2026;33(6):292--299.
doi: 10.5455/annalsmedres.2025.10.328.

ABSTRACT

Aim: To assess whether routine preoperative testing in cataract surgery candidates can serve
as a practical public health checkpoint for detecting waning hepatitis B immunity and initiating
booster-based protection pathways.
Materials and Methods: In this descriptive cross-sectional study, preoperative anti-HBs, HBsAg,
anti-HCV, and anti-HIV serologies were evaluated in 430 patients (January 2023 -- December
2024) who underwent cataract surgery. Anti-HBs levels were classified as non-protective (<10
mIU/mL), low-protective (10--<100 mIU/mL), or highly protective (≥100 mIU/mL). Chi-square
tests and logistic regression were used to analyze immunity levels and associated risk factors.
Results: Among 430 patients (mean age 67.4 ± 9.6 years; 47.4% women), anti-HBs titers were
<10 mIU/mL in 47.0% (202/430), 10--<100 mIU/mL in 20.7% (89/430), and ≥100 mIU/mL in
32.3% (139/430). Women had higher odds of non-protective titers (<10 mIU/mL) than men (OR
1.52, 95% CI 1.04--2.23; P=0.031), which persisted after adjustment for age and comorbidity
(aOR 1.49, 95% CI 1.04--2.13; P=0.028). HBsAg positivity was 4.4% (19/430); anti-HCV was
2.1% (9/430) and HIV was 0%. Across major comorbidity groups, anti-HBs distributions were
broadly similar.
Conclusion: A substantial proportion of patients undergoing cataract surgery lack adequate
HBV immunity, emphasizing the need for routine preoperative serological screening and booster
vaccination. This pioneering study from Türkiye provides valuable insights into infection control
strategies for ophthalmic surgery.

Keywords: Cataract surgery, Hepatitis B virus, Hepatitis B virus antibodies, Infection
control, Vaccination
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INTRODUCTION
Cataract surgery is minimally invasive and involves mini-
mal blood loss. Although the risk of blood-borne infection
transmission is infrequent, universal precautions and preop-
erative screening protocols are essential to ensure the safety
of both patients and staff. The incidence of needlestick
(sharps) injuries in ophthalmic practice has been reported to
be 0.06–0.08 per 1,000 procedures; although low, this risk
cannot be dismissed given the potential severity of HBV and
other blood-borne infections [1]. Asymptomatic seropositive
individuals, who are often unaware of their infection status,
present unique challenges in perioperative settings, necessitat-

ing stringent infection control protocols [2].

HBV remains a major global public health challenge, with an
estimated 296 million people living with chronic HBV infec-
tion in 2019, resulting in approximately 820,000 deaths an-
nually due to liver cirrhosis and hepatocellular carcinoma [3].
TheWorld Health

Organization (WHO) classifies regions based on hepatitis B
surface antigen (HBsAg) prevalence (<2%) [4]. In Türkiye,
HBsAg prevalence has decreased from12.3% in 2000 to 4–6%
in recent years, largely due to the national HBV vaccination
program initiated in 1998 [5]. However, regional dispari-
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ties persist, with a higher prevalence (up to 10%) in Eastern
Türkiye than in metropolitan areas [6]. Globally, approxi-
mately one-third of the population is exposed to HBV, un-
derscoring the need for robust preventive strategies [7].
Vaccination has significantly reduced HBV incidence [8].
However, long-term immunity wanes in some individuals,
particularly older adults who may not have been vaccinated
during childhood [9]. Cataract surgery, one of themost com-
mon procedures globally, involves older adults who may have
waning immunity due to incomplete vaccination coverage in
earlier decades. Studies indicated that anti-HBs levels decline
over time, with seroprotection rates ranging from 30% to 80%
in adults, depending on age, vaccination history, and comor-
bidities [10].
In surgical settings, where the risk of HBV transmission is
heightened owing to exposure to blood and bodily fluids, pre-
operative serological screening is increasingly recognized as es-
sential [11]. While HBV screening is routine in high-risk sur-
geries, its application in
elective procedures, such as cataract surgery, remains under-
explored, particularly in
intermediate-prevalence settings such as Türkiye.
This study aimed to characterize the preoperative HBV sero-
logical status of cataract surgery candidates by quantifying
anti-HBs levels to identify individualswith inadequate immu-
nity, guide targeted booster vaccination, and strengthen in-
fection control practices in ophthalmic settings, thereby sup-
porting the global HBV elimination goals for 2030 [12]. We
defined seroprotection as anti-HBs≥10 mIU/mL and, given
blunted immune responses in certain high-risk settings (e.g.,
haemodialysis, profound immunosuppression), considered
≥100 mIU/mL a conservative benchmark cited in existing
guidance [13]. Accordingly, we reported anti-HBs in three
strata (<10, 10–<100,≥100 mIU/mL) and evaluated factors
associated with non-protection. Our objective was to charac-
terize serological protection levels rather than the aetiology of
immunity; accordingly, differentiation between vaccine- and
infection-induced anti-HBs responses lay outside the study’s
predefined scope.

MATERIALS ANDMETHODS
This study was approved by the Ağrı İbrahim Çeçen Univer-
sity Scientific Research Ethics Committee (date: 26.12.2024,
decision no: 500) and adhered to theDeclaration ofHelsinki.
Written informed consent was obtained from all partici-
pants prior to enrolment. This cross-sectional study (January
2023–December 2024) was designed to quantify the degree
and robustness of protective immunity against HBV—using
anti-HBs titer strata (<10, 10–<100, ≥100 mIU/mL) in pa-
tients who underwent cataract surgery, based on blood sam-
ples obtained preoperatively. We also estimated the preop-
erative seroprevalence of HBV (HBsAg), HCV (anti-HCV),
and HIV (anti-HIV). Inclusion required a clinical diagno-
sis of cataract and written informed consent; patients with

incomplete serologic data were excluded. Before surgery,
all participants underwent a standard ophthalmic examina-
tion. As part of the routine preoperative work-up, venous
bloodwas collected before surgery for serologic testing (quan-
titative anti-HBs [mIU/mL], qualitative HBsAg, anti-HCV
antibody, and HIV antibody) using chemiluminescent im-
munoassays according to manufacturers’ instructions.
Demographic characteristics,medical history, and comorbidi-
ties were recorded. The results were categorized as follows:

• Non-protective: anti-HBs <10 mIU/mL

• Low protective: anti-HBs 10–<100 mIU/mL

• Highly protective: anti-HBs≥100 mIU/mL [13].

Sample size calculation
Based on previous reports indicating that the prevalence of
non-protective anti-HBs levels in older adults ranges between
40% and 50%, a prevalence estimate of p = 0.47 was assumed.
With a 95% confidence level (Z = 1.96) and a margin of er-
ror of ±5% (d = 0.05), the minimum required sample size was
calculated as 383 patients [14,15].

Statistical analysis
Analyses were performed using IBM SPSS Statistics, version
26 (IBM Corp., Armonk, NY). Descriptive statistics sum-
marized demographics and serologic measures. Normality of
continuous variableswas assessed using the Shapiro–Wilk test
and visual inspection of histograms and Q–Q plots. Nor-
mally distributed variables were presented as means ± stan-
dard deviations (SD) and compared using Student’s t tests,
whereas non-normally distributed variables were summarized
as median (interquartile range, IQR) and compared using the
Mann–Whitney U test. Comparisons across anti-HBs cate-
gories (<10, 10-<100, and ≥100 mIU/mL) were performed
using one-way ANOVA for normally distributed variables
or the Kruskal–Wallis test for non-normally distributed vari-
ables. For variables showingoverall significance, post hocpair-
wise comparisons were conducted with Bonferroni adjust-
ment. Categorical variables were expressed as counts and per-
centages and compared using χ² tests or Fisher’s exact test,
as appropriate. Multivariable logistic regression analysis was
performed to identify independent factors associated with
non-protective anti-HBs status (<10 mIU/mL), and results
were reported as odds ratios (ORs) with 95% confidence in-
tervals (CIs). Two-sided P values < 0.05 were considered sta-
tistically significant.

RESULTS
Among 430 patients (67.4 ± 9.6 years; 204/430 [47.4%]
women), anti-HBs titers were <10 mIU/mL in 202 (47.0%),
10–<100mIU/mL in 89 (20.7%), and≥100mIU/mL in 139
(32.3%). Women were more likely than men to have non-
protective titers <10 mIU/mL (107/204 [52.5%] vs 95/226
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Figure 1. Represents the number of cataract surgery patients with anti-HBs levels below the immunity thresholds (<10 mIU/mL and <100 mIU/mL),
categorized by the presence or absence of comorbidities. [Grouped bar chart showing hepatitis B surface antibody (anti-HBs) categories (<10, 10-
<100, ≥100 mIU/mL) by comorbidity status (none vs ≥1 chronic disease). Distributions are broadly similar between groups; no significant global
difference is observed. The largest category overall is anti-HBs <10 mIU/mL (202/430; 47.0%), followed by 10-<100 mIU/mL (89/430; 20.7%) and
≥100 mIU/mL (139/430; 32.3%). This figure emphasizes the sizeable proportion with non-protective titers, supporting preoperative screening and
linkage to booster vaccination].

Figure 2. Depicts patient distribution according to Anti-HBs levels and comorbid conditions. [Bar chart comparing hepatitis B surface antibody
(anti-HBs) categories (<10, 10-<100, ≥100mIU/mL) across multiple chronic conditions: primary hypertension, type 2 diabetes mellitus, coronary
arterydisease, chronic obstructive pulmonary disease, chronic kidney disease, and a no-comorbidity referencegroup. Each condition displays three
bars reflecting the distribution of anti-HBs categories. Overall patternsare broadly similar across conditions; in most groups, <10 mIU/mL (non-
protective) constitutes the largestshare, while≥100 mIU/mL indicates a smaller, long-term immunity subgroup. A modest tilt toward≥100mIU/mL is
observable in the coronary artery disease group, whereas hypertension and diabetes approximatecohort averages. The figure underscores that non-
protective titers are prevalent across comorbidity profiles, reinforcing the rationale for preoperative screening and linkage to booster vaccination].

[42.0%]; χ² test, P=0.031). In age-adjusted models (age and
any comorbidity), female sex remained associated with anti-
HBs <10 mIU/mL (aOR 1.49, 95% CI 1.04–2.13; P=0.028).

The proportion with anti-HBs ≥100 mIU/mL was 32.3%
(139/430), while 67.7% (291/430) had titers <100 mIU/mL
(Table 1). HBsAg was positive in 19/430 (4.4%) patients;
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Table 1. Demographic characteristics and anti-HBs* antibody concen-
trations of the patients.

Parameters Female (n, %) Male (n, %) P-value

Number (n, percentage) 204 (47.4%) 226 (52.6%) 0.2
Age (mean ± SD) 68.21 ± 10.2 66.65 ± 8.8 0.09
Anti-HBs level (<10 mIU/mL) 107 (52.4%) 95 (44%) 0.03
Anti-HBs level (10--<100 mIU/mL) 31 (15.2%) 58 (25.6%) 0.00
Anti-HBs level (≥100 mIU/mL) 66 (47.4%) 73 (52.5%) 0.9
* Antibodies against Hepatitis B surface antigen.

Table 2. Distribution of patients according to systemic chronic diseases
and gender.

Diseases Female n (%) Male n (%) P-value

Primary hypertension 116 (56.9%) 62 (27.4%) <0.001
Type 2 diabetes mellitus 72 (35.3%) 42 (18.6%) <0.001
Coronary artery disease 31 (15.2%) 35 (15.5%) 1.0
Chronic obstructive 23 (11.2%) 34 (15.0%) 0.25
pulmonary disease
Cancer 3 (1.5%) 12 (5.3%) 0.03
Chronic Hepatitis B 5 (2.5%) 7 (3.1%) 0.68
Chronic Hepatitis C 0 (0.0%) 2 (0.9%) 0.5
Other* 68 (33.0%) 54 (23.0%) 0.2
* Other diseases include aortic aneurysm, hydatid cyst, nephrectomy, ankylosing
spondylitis, systemic lupus erythematosus, cirrhosis, polycythemia vera, psychosis,
nephrotic syndrome, rheumatoid arthritis, bronchitis, hepatosteatosis, epilepsy,
cerebrovascular occlusion, heart failure, chronic renal failure, and dermatomyositis.

12/19 (63.2%) met criteria for chronic hepatitis B, and the
remainder represented previously undiagnosed current in-
fection identified at preoperative screening. Results were
unchanged after excluding HBsAg-positive cases (n=19) (all
P>0.05).
Based on chronic disease status, 111 patients had no comor-
bidities, whereas 319 had ≥1 comorbidity. The most fre-
quent conditions were hypertension (179/430, 41.6%), type
2 diabetes mellitus (116/430, 27.0%), coronary artery disease
(66/430, 15.3%), and chronic obstructive pulmonary disease
(59/430, 13.7%) (Table 2). Table 3 summarizes anti-HBs
strata across comorbidity groups and specific diagnoses (HT,
T2DM, CAD, COPD, CKD); Figure 1 and Figure 2 visual-
izes these patterns.
In multivariable logistic regression analysis (Table 4), female
sex remained independently associated with non-protective
anti-HBs status (≤10 mIU/mL) (adjusted OR [aOR] 1.74,
95% CI 1.14–2.63; P=0.010). Increasing age was associated
with lower odds of non-protective titers (aOR 0.96 per 1-year
increase, 95%CI 0.94–0.99; P=0.001). COPDwas associated
with increased odds of anti-HBs ≤10 mIU/mL (aOR 1.80,
95% CI 1.01–3.22; P=0.048), whereas diabetes mellitus, hy-
pertension, and coronary artery disease were not significant
predictors (all P>0.05).

DISCUSSION
This study evaluated the preoperative serological status of
patients scheduled for cataract surgery by assessing markers

of HBV, HCV, and HIV infection. Among 430 partici-
pants, 47.0% (202/430) had anti-HBs <10 mIU/mL, indicat-
ing insufficient protection against HBV. Additionally, 20.7%
(89/430) had anti-HBs 10–<100 mIU/mL, suggesting wan-
ing long-term immunity. The proportion with long-term
immunity (≥100 mIU/mL) was 32.3% (139/430), whereas
67.7% (291/430) had titers <100 mIU/mL, indicating a sub-
stantial gap in durable protection. These results highlight the
substantial proportion of patients at risk of HBV infection
in the surgical setting, particularly among older adults. In
addition, HBsAg positivity was 4.4% (19/430). The coexis-
tence of limited durable protection, a sizable pool ofHBVcar-
riers, and a non-negligible subset of previously undiagnosed
cases identified during preoperative screening underscores the
need for targeted booster vaccination, systematic linkage to
care, and strict adherence to universal precautions in oph-
thalmic theatres. Our primary aimwas to quantify the degree
and robustness of HBV protective immunity using anti-HBs
titer strata (<10, 10–<100,≥100 mIU/mL); a secondary aim
was to estimate the preoperative seroprevalence ofHBV (HB-
sAg), HCV, and HIV. Differentiating vaccine-induced from
infection-induced immunity was not a prespecified objective.
Following vaccination or natural infection, anti-HBs anti-
body levels gradually decline and may fall below protective
thresholds within around 5 to 20 years [16–19]. The rate
and degree of antibody decline are influenced by factors like
vaccination age, the original peak antibody response, and cer-
tain health problems (e.g., immunosuppression, comorbidi-
ties) [20–22]. While primary HBV vaccination provides en-
during protection, the decline of humoral immunity requires
continuous monitoring, especially in elderly individuals who
may not have received the universal childhood immunization
implemented in Türkiye in 1998 [23].
Although the incidence of breakthrough infections among
vaccinated individuals remains low, the observed decrease
in anti-HBs levels raises concerns regarding the durability
of vaccine-induced protection [24]. T-lymphocyte-mediated
immune memory often persists longer than humoral re-
sponses; however, a progressive decline in this memory has
been documented, with anamnestic response rates decreasing
from 85.3% at 10 years to 73.6% at 15 years post-vaccination
[24,25]. This attrition could lead to HBsAg seroconversion
and increased vulnerability to HBV infection.
In accordance with previous booster-response studies, those
with very low pre-booster titers (<2mIU/mL) are more likely
to demonstrate only marginal post-booster responses com-
pared to those with detectable although sub-protective titers
(2.00–9.99 mIU/mL) [25–27]. Earlier research found that
65% of adults with pre-booster <10 mIU/mL had unde-
tectable titers (<2 mIU/mL). After the booster, low respon-
ders with <2 mIU/mL were overrepresented among those
who stayed <10 mIU/mL (≈11% vs 2.3% for the 2.00–9.99
mIU/mL subgroup), and they also more often fell into the
10–100 mIU/mL band (≈26.6% vs 10.2%) instead of exceed-
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Table 3. Distribution of Anti-HBs Titer Strata (<10, 10-<100,≥100mIU/mL) by Overall Comorbidity Statusand Specific Chronic Diseases, with P-values.

Variable Group <10 mIU/mL 10--<100 mIU/mL ≥100 mIU/mL Total P value (test)

Any comorbidity No 54 (48.6%) 25 (22.5%) 32 (28.8%) 111 0.639 (χ²)Yes 148 (46.4%) 64 (20.1%) 107 (33.5%) 319

Hypertension No 118 (47.0%) 49 (19.5%) 84 (33.5%) 251 0.724 (χ²)Yes 84 (46.9%) 40 (22.3%) 55 (30.7%) 179

Type 2 diabetes mellitus No 148 (47.1%) 68 (21.7%) 98 (31.2%) 314 0.616 (χ²)Yes 54 (46.6%) 21 (18.1%) 41 (35.3%) 116

Coronary artery disease No 179 (49.2%) 76 (20.9%) 109 (29.9%) 364 0.036 (χ²)Yes 23 (34.8%) 13 (19.7%) 30 (45.5%) 66

COPD No 170 (45.8%) 75 (20.2%) 126 (34.0%) 371 0.191 (χ²)Yes 32 (54.2%) 14 (23.7%) 13 (22.0%) 59

Chronic kidney disease No 197 (47.2%) 86 (20.6%) 134 (32.1%) 417 0.819 (FE)Yes 5 (38.5%) 3 (23.1%) 5 (38.5%) 13
Anti-HBs: hepatitis B surface antibody; HT: hypertension; T2DM: type 2 diabetes mellitus; CAD: coronary artery disease; COPD (KOAH): chronic obstructive
pulmonary disease; CKD: chronic kidney disease; Data are presented as n (%). P values were calculated using Pearson’s chi-square test (χ²) unless otherwise indicated. FE
indicates Fisher’s exact test, used when expected cell counts were <5.

Table 4. Multivariable logistic regression analysis for predictors of non-protective anti-HBs (≤10 mIU/mL).

Predictor β (SE) Wald χ² Adjusted OR 95% CI P value

Female sex (vs male) 0.551 (0.213) 6.70 1.74 1.14--2.63 0.010
Age (per 1-year increase) -0.036 (0.011) 10.71 0.96 0.94--0.99 0.001
Diabetes mellitus -0.202 (0.235) 0.74 0.82 0.52--1.30 0.390
Hypertension 0.040 (0.224) 0.03 1.04 0.67--1.62 0.858
Coronary artery disease -0.499 (0.290) 2.96 0.61 0.34--1.07 0.085
COPD 0.587 (0.297) 3.91 1.80 1.01--3.22 0.048
Constant 2.656 (0.766) 12.01 --- --- <0.001
OR: odds ratio; CI: confidence interval; SE: standard error; AUC: area under the receiver operating characteristic curve. Model calibration was assessed using the
Hosmer–Lemeshow goodness-of-fit test. Constant indicates the intercept term of the logistic regression model.

ing 100 mIU/mL [26]. This pattern is consistent with waned
immune memory rather than a strong anamnestic response.
Interestingly, individuals who stayed below 10mIU/mL after
one booster shotwere able to respondwell following a full sec-
ondary vaccination course. This suggests that they were not
true primary "non-responders" but had lost their immunolog-
icalmemory about 18–20 years after their first immunization.
Our study did not give boosters or check anti-HBc levels,
but our preoperative distribution, which showed that 19.5%
of participants fell in the 10–100 mIU/mL range, likely in-
cludes a large group of people with partial or waning immu-
nitywhocouldbenefit fromtargetedbooster vaccination and,
if possible, post-booster titer checks to confirm durability.
From a practical point of view, these data support a pragmatic
approach in ophthalmic settings: (i) offer boosters to pa-
tients with anti-HBs 10–100mIU/mL (and strongly to those
<10 mIU/mL), (ii) consider aiming for ≥100 mIU/mL in
higher-risk contexts (e.g., haemodialysis, profound immuno-
suppression), and (iii) reserve etiologic attribution (vaccine-
vs infection-derived immunity) for settings where anti-HBc is
available. This approach is in line with our main goal, which
is to map actionable immunity gradients before surgery.

Data from immunosuppressed groups shows that having an
anti-HBs level of at least 100 mIU/mL (100mIU/mL) pro-

tects against clinically significant HBV reactivation. On the
other hand, patients with low (≤100 mIU/mL) or no anti-
HBs levels have higher rates of reactivation and more fre-
quent HBsAg seroreversion during treatments like anti-TNF
[28–30]. These findings underscore the therapeutic signif-
icance of baseline quantitative anti-HBs prior to the com-
mencement of anti-TNF (and other potent immunosuppres-
sants) and advocate for vaccination/booster dose to elevate
titers to ≥100 mIU/mL before and/or during treatment.
Our study did not assess treatment-related reactivation; nev-
ertheless, the preoperative identification of individuals with
10–<100 mIU/mL or <10 mIU/mL offers a chance to iden-
tify vaccination requirements and facilitate care coordination
with treating specialists during planned or continuing im-
munosuppression.

In this perspective, it is significant that, despite a substantial
reduction in acute HBV incidence in Italy, 212 cases were
recorded in 2018 (incidence 0.8 per 100,000), including 16
cases among vaccinated patients, five of whom had seemingly
completed a full and properly timed vaccination series [26].
This persistent burden, especially in highly vaccinated envi-
ronments, highlights the necessity of quantitative anti-HBs
evaluation, targeted boosters for diminishing immunity, and
the facilitation of care for carriers detected opportunistically
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in surgical procedures.
Recent guidelines for haemodialysis patients suggest keeping
anti-HBs levels at least 100 mIU/mL because they tend to go
down over time [28–30]. As a result, experts recommend
checking anti-HBs levels once a year and giving a booster
shot if they drop below 100 mIU/mL. A comparable high-
titer approach has been utilized following liver transplanta-
tion to avert HBV-related disease. In line with this methodol-
ogy, Khiangte et al. found no HBV reactivation in individu-
als who sustained anti-HBs levels exceeding 100mIU/mL, de-
spite the lack of antiviral treatment [31,32]. These studies un-
derscore the clinical significance of identifying preoperative
patients between the 10–<100mIU/mLor <10mIU/mL cat-
egories and prioritizing targeted boosters to providemore sus-
tained protection, particularly among high-risk populations
such as those with chronic kidney disease or haemodialysis
and immunosuppressedpersons. In accordancewith this, our
group of participants exhibited significant immune deficien-
cieswithin comorbidity subgroups: 39.5%ofpatientswithdi-
abetes mellitus and 64.7% of those with chronic renal disease
demonstrated reduced or non-existent seroprotection (anti-
HBs <100 mIU/mL, including <10 mIU/mL). These results
highlight the necessity of regular preoperative screening for
hepatitis B indicators in cataract surgical protocols, particu-
larly for elderly or immunocompromised individuals, and ad-
vocate for targetedbooster immunization to improve seropro-
tection in these groups.
Meta-analytic evidence indicates diminished seroprotection
following HB vaccination in older adults, individuals with a
body mass index ≥25, smokers, and those with comorbidi-
ties [33]. Other pooled data show that in people who are im-
munocompetent and have been properly vaccinated, protec-
tion usually lasts for about 20 years, with just a few short-lived
HBsAg seroconversions [34]. In light of this, ourpreoperative
screening of patients who underwent cataract surgery showed
that a lot of older people hadweak immunity: 39.1%had anti-
HBs levels below 10 mIU/mL, 19.5% had levels between 10
and 100 mIU/mL, and 39.5% of patients with diabetes and
64.7%of patientswith chronic kidney disease had levels below
100mIU/mL.Thesefindings advocate for a risk-stratified, op-
portunistic strategy within cataract pathways: uphold stan-
dard vaccination practices universally, while identifying and
administering targeted boosters to individuals with anti-HBs
<10 mIU/mL or 10–<100 mIU/mL—especially older adults
and patients with diabetes or chronic kidney disease—to aug-
ment seroprotection identified during routine preoperative
assessments.
Although our cohort showed a higher proportion of women
with anti-HBs <10mIU/mL,multiple studies and reviews re-
port that males often mount weaker HBV vaccine responses
than females, with sex-based differences observed across re-
gions and settings [33,35–37]. When combined, our female-
dominant non-protection may indicate cohort-specific fac-
tors (e.g., demographic characteristics, comorbidity burden,

time since vaccination, undocumented vaccination histories)
or residual confounding if bodymass index (BMI), metabolic
status, or the interval from vaccination to testing varied by
sex. From a methodological standpoint, these observations
endorse the presentation of sex-stratified results in conjunc-
tionwith adjustedmodels that incorporateBMIand the inter-
val since vaccination. Operationally, irrespective of sex-based
directionality in a specific context, the identification of indi-
viduals with anti-HBs <10 mIU/mL or 10–<100 mIU/mL
continues to be therapeutically relevant for targeted booster
methods identified via standard preoperative screening.
Furthermore, thedetectionofHBsAgpositivity in 4.4%ofpa-
tients (n:19; females: 8 [42.1%], males: 11 [57.9%])— which
is comparable to the reported national prevalence [38–40] -
underscores the silent burden of HBV infection in surgical
populations. Routine serological screening facilitates early di-
agnosis and targeted infection control interventions, thereby
reducing intraoperative transmission risk. Although anti-
HCV positivity was detected in only 0.5% of patients and
HIV seroprevalencewasminimal, universal screening remains
essential to ensure the safety of patients and staff.
Comprehensive infection control protocols were imple-
mented for seropositive patients undergoing surgery. These
included preoperative infectious disease consultations, en-
hanced barrier precautions (double gloves, impermeable
gowns, and eye protection), use of dedicated surgical in-
struments, and meticulous administration of local anaesthe-
sia to prevent needlestick injuries. The surgical team re-
ceived targeted training on universal precautions and post-
exposure management protocols, which significantly miti-
gated the risk of blood-borne pathogen transmission. Rou-
tine booster doses are not advised for the general populace
in low-endemicity areas; nevertheless, our context indicates
moderate endemicity (HBsAg ≈4%), where exposure risk
is significant, especially among older persons and individu-
als with comorbidities. In light of our preoperative find-
ings of substantial immunity gaps (anti-HBs <10 or 10–<100
mIU/mL), a targeted, opportunistic booster strategy inte-
grated into preoperative workflows is warranted: evaluate
seroprotection, administer boosters as necessary, and facili-
tate care linkage for HBsAg-positive individuals. The im-
plementation of WHO recommendations has altered HBV
endemicity in several Asian nations; nonetheless, the un-
derlying risk remains variable, being elevated in certain con-
texts and moderate in others. Guidance established in
low-endemicity regions (Europe/North America) typically
emphasizes the completion of the primary series and does
not support routine boosters for the general population—
except for immunocompromised groups (e.g., chronic kid-
ney disease/haemodialysis, advanced immunosuppression),
for whomperiodicmonitoring and booster dosing are recom-
mended.
Translating these principles to moderate-endemicity contexts
like ours, the higher lifetime probability of exposure argues
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against blanket boosting yet for a risk-stratified, opportunis-
tic approach: use the preoperative visit to identify low/non-
protected patients (anti-HBs <10 or 10–<100 mIU/mL), of-
fer targeted boosters, and ensure linkage to care for those who
are HBsAg-positive.

Limitations

This study is limited by its cross-sectional, single-centre de-
sign, which restricts causal inference and limits the generaliz-
ability of the findings. Longitudinal multicentre studies are
warranted to assess the durability of vaccine-induced immu-
nity and effectiveness of booster doses in maintaining long-
term protection.

CONCLUSION
This study revealed that a considerable proportion of patients
undergoing cataract surgery, predominantly older adults, ex-
hibited inadequate protective anti-HBs levels. These find-
ings highlight the urgent need for targeted booster immuniza-
tion strategies and early vaccination initiatives to ensure sus-
tained protection against HBV infection. Enhancing serolog-
ical screening and vaccination efforts within surgical settings
aligns with the World Health Organization’s goal of achiev-
ing 90% global hepatitis B vaccination coverage by 2030, rep-
resenting a critical step towards HBV elimination. Ophthal-
mologists and surgical teams must maintain heightened vigi-
lance regarding the patients’ serological status to ensure opti-
mal infection control and patient safety.
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