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Original Article

Explaining Uncertain Hepatoprotective Effects: When
Silibinin Co-Administered with Other Drugs

Silibinin Diger ilaclarla Birlikte Uygulandi§inda Belirsiz
Hepatoprotektif Etkilerin Aciklanmasi

® Dong Pu, ® Qinwei SUN, ® Zengxiang ZHAO, ® Sisi WANG, ® Ji LI, ® Feng YU

China Pharmaceutical University School of Basic Medical Sciences and Clinical Pharmacy, Department of Clinical Pharmacy, Nanjing, China

ABSTRACT

Objective: This study investigated the herb-drug interaction between
silibinin and carbamazepine (CBZ) and the potential risk of adverse drug
reactions (ADR) when silibinin is co-administered with other drugs.
Methods: Primary fresh hepatocytes were cultured, and an
methylthiazolyldiphenyl-tetrazolium bromide assay was performed
after administration of different concentrations of CBZ, and silibinin.
Meanwhile, a retrospective study on hepatic adverse reactions involving
the combination of silibinin with other drugs was performed using the
Food and Drug Administration Adverse Event Reporting System (FAERS).

Results: The protective effects of silibinin on CBZ do not appear on
hepatocytes in a dose-dependent manner. When silibinin (25uM) was co-
administered with CBZ (2mM), the cell viability increased from 47.8% to
75.9% (p<0.05), while increasing the silibinin concentration to 50puM with
CBZ (2mM), the hepatocyte viability significantly declined from 47.8%
to 38.7% (p<0.05). In the FAERS database, the risk of adverse reactions
significantly increases when combined with silibinin. The silibinin co-
administration was significantly associated with hepatotoxicity reports.

Conclusions: The results of the cell experiment showed that silibinin’s
liver protective effects were uncertain when it was combined with CBZ.
FAERS database analysis revealed elevated risks of ADRs with silibinin co-
administration, collectively highlighting the necessity for vigilance against
unanticipated herb-drug interactions.

Keywords: Silibinin, carbamazepine, hepatotoxicity, adverse drug
reactions, herb-drug interaction, Food and Drug Administration adverse
event reporting system

oz

Amag¢: Bu calismada silibinin ve karbamazepin (CBZ) arasindaki
bitki-ilag etkilesimi ve silibinin diger ilaglarla birlikte uygulandiginda
potansiyel advers ilag reaksiyonu (ADR) riski arastirilmistir.
Yontemler: Birincil taze hepatositler kiltirlenmis ve farkl
konsantrasyonlarda CBZ ve silibinin uygulamasindan sonra
metiltetrazolium tetrazolyum testi deneyi yapilmistir. Bu arada, Gida
ve ilag Dairesi Advers Olay Raporlama Sistemi (FAERS) kullanilarak
silibinin  diger ilaglarla kombinasyonunu igceren hepatik advers
reaksiyonlar hakkinda retrospektif bir calisma yapilmistir.

Bulgular: Silibininin CBZ uzerindeki koruyucu etkileri hepatositler
tzerinde doza bagli bir sekilde gérilmemektedir. Silibinin (25uM)
CBZ (2mM) ile birlikte uygulandiginda hiicre canliligi %47,8'den
%75,9'a yukselmistir (p<0,05); silibinin konsantrasyonu CBZ (2mM)
ile birlikte 50puM‘a eklendiginde ise hepatosit canliigi %47,8'den
%38,7'ye dusmustir (p<0,05). FAERS veri tabaninda, silibinin ile
kombine edildiginde advers reaksiyon riski 5nemli 6l¢tide artmaktadir.
Ve silibinin birlikte uygulanmasi hepatotoksisite raporlari ile dnemli
Olgide iliskilendirilmistir.

Sonuglar: Hiicre deneyinin sonuglari, silibininin CBZ ile kombine
edildiginde karaciger koruyucu etkilerinin belirsiz  oldugunu
gostermistir. FAERS veri tabani analizi, silibinin birlikte uygulanmasiyla
ADR riskinin arttigini ortaya koymus ve beklenmedik Bitki-ilag
etkilesimine (HDI) karsi dikkatli olunmasi gerektigini vurgulamistir.
Anahtar kelimeler: Silibinin, karbamazepin, hepatotoksisite, advers
ilac reaksiyonlari, bitki-ilag etkilesimi, Gida ve ilac Dairesi advers olay
raporlama sistemi

INTRODUCTION

Silibinin is the major active compound in silymarin,
which is a mixture of flavonolignans extracted from
Silybum marianumseeds. Milk thistle (Silybum marianum
L.)isamedicinal plantwidely used in traditional European
medicine. Pharmacological studies indicate that silibinin

has a strong capability to protect the liver and cure liver
damage caused by various toxicants™3. Silibinin is often
used to treat acute and chronic hepatitis, early liver
injury, and toxic liver injury.

CBZ is often prescribed as an anti-convulsant,
and long-term use of it can cause liver abnormalities.
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Patients on CBZ therapy would often use alternate
hepatoprotective therapies concomitantly with CBZ to
prevent CBZ associated liver side effects. Silibinin is one
of the compounds from hepatoprotective herbs that is
commonly used in cases of drug-induced liver injury with
mild to moderate hepatocellular damage*.

The most versatile enzyme systems involved in
the metabolism of xenobiotics are cytochromes
P450 (CYP450) and Uridine Diphosphate (UDP)-
glucuronosyltransferases (UGTs). Silibinin has been
reported to have a potential inhibitory effect on CYP450,
UGTs, and some efflux transporters such as P-glycoprotein
(P-gp)>’. These findings suggest that silibinin may
modulate the pharmacokinetics and pharmacodynamics
of co-administered drugs through interactions with P-gp,
CYP450, UGTs. However, the clinical implications of
such herb-drug interactions remain underrecognized in
therapeutic settings.

In this experiment, the effect of interactions between
CBZ and silibinin on the pharmacokinetics was explored
in primary hepatocytesand rats. We also analyzed the data
from real-world data in the Food and Drug Administration
Adverse Event (AE) Reporting System (FAERS) database
to explore the risk of adverse drug reactions caused by
silymarin when drugs are combined. For safety reasons,
it is important to evaluate the potential pharmacokinetic
interaction when silibinin is combined with medication.

METHODS
Reagents

Silibinin (batch no: 130617) was provided by Tasly
Pharmaceutiacal Company (Tianjin, China), and CBZ
(batch no: 120502) was provided by Sine-Yellow River
Pharmaceutiacal Company (Shanghai, China). All reagents
were either HPLC-grade or analytical-grade.

Animals and Ethics Statement

Specific pathogen free grade male Sprague-Dawley
(SD) rats, weighing 200-220 g, were housed in a controlled
environment with a 12-hour light/dark cycle and had
free access to food and water. All efforts were made
to minimize animal suffering and to use the minimum
number of animals necessary to produce reliable
scientific data. All animal experiments were approved
by the Experimental Animal Welfare Ethics Committee
of China Pharmaceutical University (acceptance number:
2020-09-013, date: 10.03.2023).
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Primary Hepatocyte Isolation and Culture

Primary hepatocytes were isolated from SD rats using
a modified Seglen’s two-step in situ perfusion method?,
which has been widely validated and applied. A total of
1.5-2 million cells were obtained at a viability greater than
80%, confirmed with the trypan blue dye exclusion test.
Cells were then seeded at a density of 1.5x10°/mL on 96-
well plates and a density of 105/mL on 6-well plates with
Williams' medium E containing 10% FBS and 1% penicillin/
streptomycin. The primary hepatocytes were cultured in an
incubator with a 95% oxygen/5% CO, gas cylinder at 37 °C.

Cell Morphology Observation and
methylthiazolyldiphenyl-tetrazolium bromide
Assay

The primary hepatocyte was cultured for 12 hours on
6-well plates, then treated with silibinin and CBZ. The
primary hepatocytes were then cultured foranother 24 hours
before cell morphology was observed by a microscope.

The rat primary hepatocytes were seeded in 96-
well plates at a concentration of 5000 cells/well. The
cell was incubated with Williams' medium E containing
different concentrations of silibinin and CBZ for 24
hours. Then, the 20uL 5 g/L methylthiazolyldiphenyl-
tetrazolium bromide (MTT) solution was added to
each well of the 96- well plate, followed by 4 hours of
additional culturing. Every well was treated with 150
puL DMSO after removing the solution, and then shaken
for 10 minutes. After this, OD490 was detected.

Statistical Analysis

All experiments were conducted with independent
biological replicates. Quantitative data from the MTT
assay are presented as meantstandard deviation,
derived from at least three independent experiments.
Normality of data distribution and homogeneity of
variances were assessed using Shapiro-Wilk and Levene’s
tests, respectively. Dose-response relationships were
evaluated by non-linear regression analysis. For multi-
group comparisons, when data satisfied both normality
and variance homogeneity assumptions, one-way
analysis of variance with Tukey's honestly significant
difference post-hoc test was employed to control family-
wise error rates. For datasets violating these assumptions,
non-parametric analyses were performed using the
Kruskal-Wallis test followed by Dunn’s post-hoc test
with Bonferroni adjustment for pairwise comparisons. All
statistical analyses were executed in GraphPad Prism 9.0,
with p<0.05 considered statistically significant.



Pharmacovigilance Study
Data Processing and Exposure Definition

Aretrospective, disproportionality pharmacovigilance
study was performed from 2015 quarter 1to 2022 quarter
2 using the FAERS database. Both generic and brand
names were used to identify the drug silibinin. AEs in the
FAERS were coded in terms of Preferred Terms (PTs) from
the Medical Dictionary for Regulatory Activities and all
AEs of interest were coded as PTs from the System Organ
Class (SOC) of Hepatobiliary disorders. The deduplication
step was performed to retain the most recent version
of the report’®. Delete the case report when a null value
for either AE or drug is present. After SOC analysis, PT
analysis was performed to deliver more comprehensive
information.

Disproportionality Analysis

Combination analysis refers to an AE report where
two or more drugs are used, and the occurrence of the
target AE may be the result of their combination'®. The
reporting odds ratio (ROR) and Bayesian confidence
propagation neural networks (BCPNN) of information
components (ICs) were used to identify statistical
associations between target drugs (combined or not
combined with silibinin) and AEs of interest". Target drugs
here were defined as drugs that were in combination with
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silibinin and had developed hepatotoxicity as reported
in the FAERS database.

The study takes one reportasaunit, which means when
silibinin occurs in the report, the report is included in the
silibinin therapy group. The analysis could be performed
by ROR or IC. The ROR lower limit of the 95% confidence
interval ROR025 was greater than 1, and at least 3 cases,
or the IC lower limit of the 95% confidence interval IC,,
was greater than O, were defined as a significant signal,
indicating a significant risk of target AEs of the therapy
drugs. Only ROR can be used in the comparison of
different groups. In PT analysis, the method of ICis used
because ROR is prone to signal score inflation when the
number of reports is small’2. Time-to-onset (TTO) (TTO=
Time to event-Start of treatment)analysis was performed
to evaluate the profile from the start of treatment to
event occurrence.

RESULTS

Cell Morphology Observation and
methylthiazolyldiphenyl-tetrazolium bromide
Assay

The results showed that treating the primary
hepatocyte with 25uM silibinin had no obvious effect
on cell growth compared with the control group

1509 e Silibinin
-+ Silibinin with CBZ 1mM

£ foo o— 3333 = Silibinin with CBZ 2mM
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3
T
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e
L
¥ 4

—_———
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- CBZ
-+ CBZ with Silibinin (25uM)
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@
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Figure 1. Cell morphology observation (a-d) and MTT assay results (e-f). (a) Treated the primary hepatocyte with neither
silibinin nor CBZ (control group); (b) Treated the primary hepatocyte with 25uM Silibinin; (c) Treated the primary hepatocyte
with 2mM CBZ; (d) Treated the primary hepatocyte with 2mM CBZ and 25uM silibinin. (e) Treated the primary hepatocyte
with different concentration of silibinin; Treated the primary hepatocyte with different concentration of silibinin co-
administrated with ImM and 2mM CBZ. (f) Treated the primary hepatocyte with different concentration of CBZ; Treated
the primary hepatocyte with different concentration of CBZ co-administrated with 25pM and 50uM silibinin. *p<0.05,

**p<0.01 vs the control group.

MTT: Methylthiazolyldiphenyl-tetrazolium bromide, CBZ: Carbamazepine
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(Figure 1a, b). Treating primary hepatocytes with CBZ
2mM caused severe cell damage, which was mitigated
when 25uM silibinin was added (Figure Ic, d).

Treating a primary hepatocyte with 6.25uM, 12.5uM,
25pM, or 50puM silibinin had no obvious effect on cell
growth. Treating primary hepatocytes with ITmM or
2mM CBZ caused cell damage, which was mitigated
when different concentrations of silibinin were added.
However, treating the primary hepatocyte with 2mM CBZ
caused cell damage that couldn't be mitigated when
50uM silibinin was added. When silibinin (25uM) was co-
administrated with CBZ (2mM), the cell viability increased
from 47.8% to 75.9% (p<0.05); when the concentration
of silibinin was increased to 50uM with CBZ (2mM), the
hepatocyte viability significantly declined from 47.8% to
38.7% (p<0.05) (Figure 1. e).

Primary hepatocytes exhibited a concentration-
dependent decrease in viability with increasing CBZ
concentrations (0-4 mM). Co-administration of 25 pM
silibinin significantly enhanced cell viability across all
tested CBZ concentrations. Notably, while 50 uM silibinin
partially restored viability in cells treated with 1 mM CBZ,
it paradoxically exacerbated cytotoxicity at higher CBZ
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concentrations (2, 4, 8 mM), resulting in lower viability
compared to CBZ treatment alone (Figure 1. f).

Disproportionality Analysis with or without
Silibinin Therapy in Food and Drug Administration
Adverse Event Reporting System

Reports available in the FAERS database allow
the analysis of large amounts of data to detect safety
signals. FAERS contains real-world results from a large
population. Between the first quarter of 2015 and the
second quarter of 2022, a total of 36,603 AEs associated
with the combination therapy involving silibinin were
documented, including 7814 drugs, of which 50.35% were
known to be metabolized by CYP450 and UGTs. Among
these events, 42 individual medications were reported
with a frequency exceeding 100 instances (Figure 2).

When the target drug was combined with silibinin
therapy, hepatotoxicity occurred in 260 reports. In the
FAERS database analysis of silibinin, silibinin combined
with the target drug had a higher ROR . signal value for
hepatotoxicity (4.49 vs 2.57) in SOC analysis in the full
database than the target drug without silibinin (Figure
3).

IR CYP3A4
[
I CYP2C9/UGT1A6

CYP3A4/UGT1A1/CYP2EL/UGT1A9 Group

B cvraso+uGTs

[ other

Total: 7814 (4%?220 "

3934
(50.35%)

600

Figure 2. Forty-two drugs from the FAERS database that exhibit an adverse reaction frequency exceeding 100 instances

when co-administered with silibinin.

FAERS: Food and frug administration adverse event reporting system
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Figure 3. Disproportionality analysis of target drugs (with
or without silibinin) and hepatotoxicity in full FAERS
database. Target drugs here were defined as drugs that
were in combination with silibinin and had developed
hepatotoxicity in the FAERS database. ROR: reporting
odds ratio; IC: information components; Cl: Confidence
interval. The IC lower limit of the 95% confidence
interval was greater than O or the ROR lower limit of the
95% confidence interval was exceeded 1, and at least 3
cases were defined as significant.

IC: information component, ROR: Reporting odds ratio,
FAERS: Food and Drug Administration Adverse Event
Reporting System
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Preferred Terms Disproportionality Analysis,
Time-to-Onset Analysis and Preferred Term
Outcome Analysis with Silibinin Therapy Group

In PT analysis, the IC . value of the silibinin therapy
group in the full database is significant for most
hepatotoxicity PTs. Ascites (n=22), hepatic cirrhosis (n=20),
jaundice (n=20), liver disorder (n=20), and Drug-induced
liver injury (n=19) are the top five PT frequencies in the
analysis, and the IC . value is 2.03, 2.41, 2.13, 1.45, and 1.62
respectively (Figure 4). The results from Figure 5 found
that the median TTO in hepatotoxicity combined with
silibinin is about 1 year. The most frequent serious AE in
hepatotoxicity associated with silibinin therapy is ascites.
The most frequent cause of death is hepatic cirrhosis.
The top 5 outcomes of all serious AEs in hepatotoxicity
combined with silibinin therapy are ascites, hepatic
cirrhosis, liver disorder, hepatocellular carcinoma, and
jaundice (Figure 6).

Based on data from the FAERS database, we found
that the combination of silibinin with some prescription
drugs had a higher ROR ,, (4.49) for hepatotoxicity than
that withoutsilibinin (2.57).In PT analysis, the IC . value in
combination with the silibinin therapy group is significant
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in most hepatotoxicity PTs. The IC,,. values for the top
five frequently occurring PTs, such as ascites, hepatic
cirrhosis, jaundice, liver disorder, drug-induced, and liver
injury, are 2.03, 2.41, 2.13, 1.45, and 1.62, respectively.

Analysis of Adverse Reaction Signals for Silibin
in Combination with Amlodipine or furosemide
in Food and Drug Administration Adverse Event
Reporting System

Results from drawing on the FAERS database and
employing the ROR method showed that the co-
administration of amlodipine and silibinin significantly
increases the risk of adverse reactions observed with
amlodipine monotherapy. The ROR values for fatigue,
nausea, and asthenia were 2.66, 2.04, and 1.91 (Figure
7a). Additionally, the concurrent use of furosemide and
silibinin can notably elevate the risk of adverse reactions
when compared to amlodipine monotherapy. The ROR
values for headache, acute respiratory failure, and
encephalopathy are 2.40, 14.79, and 20.02 (Figure 7b).

(a)

Group Cases

Amlodipine besylate (Reference)

Amlodipine besylate combined with silibinin
Fatigue 28
Nausea 19
Asthenia 12
Fall 12
Back pain 10
Insomnia 9
Anaemia 8
Neutropenia 7
Ascites 6
Stomatitis 6

(b)
Group Cases

Furosemide (Reference)

Furosemide combined with silibinin
Off label use 23
Confusional state 22
Headache 17
Acute respiratory failure 16
Encephalopathy 16
Hypertension 16
Pulmonary oedema 16
Hypoxia 15
Brain oedema 14
Cardiovascular insufficiency 14
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DISCUSSION

This experiment studied both the interaction of
silibinin with carbamazepine and pharmacovigilance
data on silibinin using the FAERS database. For the
primary hepatocyte experiments, the MTT assay
showed that the hepatoprotective effect of silibinin
was uncertain with a higher concentration of co-
administered CBZ. Our previous research in rats,
suggested that CBZ increased silibinin clearance,
which implies a decreased drug efficacy. This may
coincide with the result of uncertain hepatoprotective
effects of silibinin in primary fresh hepatocytes.

CYP450 and UGTs are essential for metabolism
of many drugs, and they can be inhibited or induced
by drugs causing DDIs (drug-drug interactions) that
can lead to adverse effects or therapeutic failure.
Faisal et al® demonstrated that certain silymarin
components/metabolites can inhibit CYP enzymes.
2,3-dehydrosilychristin-19-O-sulfate  showed the
strongest inhibitory effect on CYP3A4. D'Andrea et
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Figure 7. Comparison of adverse reaction signals of amlodipine besylate (a) or furosemide (b) combined with silibinin,

based on the proportional imbalance method.

ROR: Reporting odds ratio, IC: Information component
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al, showed that silibinin and the metabolite silibinin-
glucuronide were also inhibitors of human UGTIA
isozymes’. Ferreira etal.? found that silymarin (silibinin)
significantly increased the CBZ concentrations over
the 1-2 h post-dosing period compared to the negative
control group. Similarly, Wang et al. identified that
consecutive administration of water-soluble silymarin
significantly increased the K, of CBZ and the AUC,__,
and C__ of its metabolite'.

Moreover, P-gp modulators have been reported as a
contributorto DDI.Previous studies have demonstrated
that silibinin is a CYP450 and P-gp inhibitor in vitro,
which leads to increased accumulation of P-gp
substrate within cells™. This has also been confirmed
by several recent studies. Lee and Choi” found that
silibinin significantly inhibited P-gp activity. Compared
to the control group, silibinin significantly increased the
area under the plasma concentration-time curve and
the peak plasma concentration of paclitaxel. Nguyen
et al.”® found that silibinin reduced the efflux of two
substrates of P-gp, including digoxin and vinblastine, in
Panc-1 cells, indicating the inhibitory effect of silibinin
on P-gp. Dobiasova et al's® research showed that
silibinin exhibits the ability to modulate P-gp activity
by acting as a competitive inhibitor. It is highly likely
that silibinin will change how the combined drugs are
processed in the body, possibly leading to ineffective
treatment or even increased liver damage.

The analysis of FAERS revealed a significant
association between silibinin co-administration and
drug-induced hepatotoxic events. Mechanistically,
this phenomenon may be attributable to silibinin-
mediated inhibition of metabolic enzymes,
as evidenced by a focused investigation on
amlodipine (primarily metabolized by CYP3A4) and
furosemide (UGT1Al-dependent metabolism). The
disproportionality analysis using the ROR method
demonstrated elevated risks of AEs in silibinin
combination therapies. Notably, these herb-drug
interactions were frequently associated with severe
clinical outcomes, including mortality, hospitalization
(initial/prolonged), and life-threatening complications.
These findings underscore the necessity for systematic
safety evaluation of phytopharmaceuticals in the case
of drug combination therapy.

Study Limitations

This study has several limitations. It concentrated
exclusively on silibinin's protective role against

Lk

carbamazepine-induced hepatic injury, without
exploring the underlying mechanisms responsible
for these effects. Furthermore, the FAERS database
operatesasaspontaneousreportingsystem, inherently
subject to limitations such as underreporting,
duplicate entries, and incomplete case information.
The absence of data regarding pre-existing conditions
and concomitant medications might also confound
the interpretation of the results.

Despite these constraints, the identification of ADR
signals within the FAERS database in conjunction with
other pharmacological agents offers valuable insights
into rational pharmacotherapy. Such findings can inform
clinical practice by highlighting potential safety concerns
and guiding more judicious prescribing practices.

Future research should aim to address the current
study’s limitations through mechanistic studies and more
comprehensive pharmacovigilance approaches, thereby
enhancing our understanding of silibinin's therapeutic
profile and its interaction with other drugs.

CONCLUSION

Despite silibinin’s established clinical use in hepatic
disorders and its role as an adjunct therapy to mitigate
drug-induced hepatotoxicity through hepatic function
enhancement or toxicity reduction, its widespread
availability as an over-the-counter dietary supplement
often leads to underestimation of its pharmacological
complexity. This study indicates that the combination of
silibininwith other prescription drugs, especially those with
narrow therapeutic windows or indexes, should be used
with caution because of the herb-drug interaction. With
the increased popularity of herbal products, prescribers
must be aware of potential herb-drug interactions.
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Comparison of Ultrasound-Based Techniques and Magnetic
Resonance Imaging Proton Density Fat Fraction in Measuring
the Amount of Hepatic Fat in Children with Hepatosteatosis

Hepatosteatozlu Cocuklarda Hepatik Yag Miktarinin Olciilmesinde
Ultrason Tabanli Teknikler ile Manyetik Rezonans Gériintiileme
Proton Yogunlugu Yag Fraksiyonunun Karsilastirilmasi

® Sabriye Gulcin BOZBEYOGLU, ® Murat ASIK

Goztepe Prof. Dr. Suleyman Yalcin City Hospital, Clinic of Radiology, Istanbul, Turkiye

ABSTRACT

Objective: The aim of this study is to demonstrate the reliability of
Quantitative Ultrasound (QUS) in assessing liver fat content in children,
using magnetic resonance imaging proton density fat fraction (MRI-PDFF)
values as a reference, and to determine threshold values for QUS in
grading hepatosteatosis.

Methods: The study group consisted of pediatric patients under 18 years
of age without known liver disease who volunteered to participate. All
patients underwent MRI-PDFF scanning, and QUS imaging was performed
using the tissue attenuation imaging (TAIl) ve tissue scatter distribution
imaging (TSI) tools. The cut-off values for MRI-PDFF were set at >5%,
216.3%, and 221.7%, corresponding to mild, moderate, and severe steatosis,
respectively. The diagnostic performance of TAl and TSI in detecting
various degrees of hepatic steatosis was evaluated using the area under
the ROC (AUROC) curves.

Results: The frequencies of hepatosteatosis grading were as follows: SI:
19 (37%), S2: 5 (10%), S3: 22 (43%). The AUROCs for TAl and TSI tools in
detecting QUS measurements (MRI PDFF 25%) were 0.95 [95% confidence
interval (Cl): 0.91-0.99] (p< 0.001) and 0.96 (95% Cl: 0.93-0.99) (p<0.001),
respectively. For distinguishing different degrees of steatosis, TAl showed
values of 0.75, 0.86, and 0.96 dB/cm/MHz, corresponding to sensitivities
of 88%, 88%, and 100%, respectively, while TSI showed values of 92.44,
96.64, and 99.45, with sensitivities of 90%, 92%, and 91.7%. The correlation
test between QUS measurements [TAI, TSI, EzHRI (Hepato-Renal Index
with Automated regions of interest Recommendation)] and MR-PDFF
indicated a concordance in TAl and TSI values, but not with EzHR.
Conclusions: The TAI and TSI tools can accurately measure liver fat
content and can be used reliably in children for the assessment and
grading of hepatosteatosis.

Keywords: Pediatric hepatosteatosis, hepatic fat quantification, tissue
attenuation imaging, tissue scatter distribution imaging, magnetic
resonance imaging-proton density fat fraction

oz

Amag¢: Bu calismanin amaci, c¢ocuklarda karaciger yag igeriginin
manyetik rezonans goriintiileme proton yogunlugu yag fraksiyonu
(MRI-PDFF) degerlerini referans alarak kantitatif ultrason (QUS)
glvenilirligini goéstermek ve hepatosteatoz derecelendirilmesinde
kantitatif US esik degerlerini belirlemektir.

Yontemler: Calisma grubunu bilinen karaciger hastaligi olmayan,
18 yas alti ¢ocuk hastalardan calismaya katilmaya goénulli olanlar
olusturdu. Tim hastalara MRI-PDFF taramasi yapildi ve doku zayiflama
gérintiileme (TAI) ve doku sacilim dagilim gériintiileme (TSI) araglari
kullanarak QUS goéruntuleme yapildi. MRI-PDFF'de 2%5, 2%16,3 ve
2%21,7 kesme degerleri su sekildedir: sirasiyla hafif, orta ve siddetli
steatoz igin kullanildi. Alici calisma karakteristigi (AUROC) egrilerinin
altindaki alan farkli derecelerde hepatik steatozun saptanmasinda TAI
ve TSI'nin tanisal performansini degerlendirmek icin kullanildi.

Bulgular: Hepatosteatozun derecelendirilmesinde gértilme sikliklari
S1;19 (%37), S2;5 (%10), S3;22 (%43). QUS o&lcumleri tespitinde TAI ve
TSI araglarinin AUROC'lari (MRI PDFF 2%5), 0,95 idi [%95 gliven aralig
(GA): 0,91-0,99] (p<0,001) ve 0,96 (%95 GA: 0,93-0,99) (p<0,001).
Steatozun farkli dereceleri arasinda ayrim yaparken, TAIl araci icin
0,75, 0,86 ve 0,96 dB/cm/MHz degerleri sirasiyla %88, %88 ve %100
duyarliliga sahiptir; ve degerleri 92,44, 96,64 ve 99,45, TSI araci igin
sirastyla %90, %92 ve %91,7 duyarliiga sahiptir. QUS 6lctiimleri (TAI,
TSI, EzHRI: otomatik ROl &nerisi ile hepato-renal index) ve MR-PDFF
degerleri arasindaki korelasyon testinde TAl ve TSI degerlerinde uyum
oldugu ancak EzHRI ile uyumun olmadigi géruldi.

Sonuglar: TAl ve TSI araclari karaciger yag icerigini dogru bir sekilde
Slcebilir ve hepatosteatozun degerlendirilmesi ve derecelendirilmesi
icin cocuklarda glivenilir bir sekilde kullanilabilir.

Anahtar kelimeler: Cocuk hepatosteatoz, quantitatif karaciger
yag ol¢imi, doku zayiflama goriintileme, doku sagiim dagilim
goruntiileme, manyetik rezonans gériintiileme-proton yogunlugunun
yag fraksiyonu
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INTRODUCTION

Fatty liver is defined as the presence of intracellular
fat content of 5% or more in hepatocytes'. Fatty liver
has become the most common chronic liver disease
worldwide, with publications reporting an incidence of
up to 30% in the general population? Early diagnosis
is crucial, as the advanced stages of fatty liver can lead
to serious complications such as steatohepatitis, portal
hypertension, cirrhosis, and hepatocellular carcinoma.

Currently, the gold standard for the definitive diagnosis
of liver fat quantification is liver biopsy. However, in cases
of heterogeneous fat distribution in the liver, biopsy
results may vary depending on the sampled location.
Furthermore, because biopsies are an invasive procedure,
it is challenging to repeat them for long-term monitoring
of steatosis®.

Magnetic resonance imaging-proton density fat
fraction (MRI-PDFF) is a non-invasive technique that
offers accurate quantification of liver fat as an alternative
to biopsy“®. It also has advantages, such as being operator-
independent and unaffected by body mass index (BMI).
On the other hand, ultrasound (US) is a non-invasive,
easily accessible, repeatable, and cost-effective method.
With the addition of recent quantitative methods, US
holds significant potential for diagnosis and monitoring
in pediatric patients, particularly in the coming years.

In grayscale US examinations, fatty liver is subjectively
classified and graded (grade 0-3). Conventional US has
over 90% sensitivity in detecting hepatic steatosis (HS)
when at least 20% of hepatocytes are affected. However,
it has been reported to be less sensitive to detect lower
degrees of steatosis. It is also known to be operator-
dependent and subject to inter-operator variability®.

For these reasons, a non-invasive, easy-to-apply, and
quantitative US (QUS) method, similar to grayscale US,
has been developed, particularly for use in pediatric
patients. In the QUS device we use (Samsung Medison Co
Ltd), tissue attenuation imaging (TAI) and tissue scatter
distribution imaging (TSI), are utilized to measure hepatic
fat content. This method provides users with numerical
data on the degree of liver fat and allows for comparative
analysis in follow-ups.

However, according to manufacturers, the cut-off
values for steatosis grading differ between devices.
Currently, there are insufficient studies to validate the
accuracy of QUS and to establish standardized cut-off
values, particularly in pediatric patients.

The aim of this study is to demonstrate the reliability
of QUS in pediatric patients by referencing MRI-PDFF

values and to determine the QUS cut-off values for the
diagnosis of HS in children.

MATERIALS and METHODS

Approval of our single-center prospective study was
obtained from the University of Health Sciences Istanbul
Medeniyet University Goztepe Training and Research
Hospital Clinical Research Ethics Board in accordance
with the provisions of the Declaration of Helsinki
(decision no: 2023/0889, date: 13.12.2023). Informed
consent forms were obtained from the parents of all
participating patients.

Patients who presented with a diagnosis or suspicion
of HS and were referred for abdominal US examination
between January and June 2024 were included in the
study. Patients with homogeneous hepatosteatosis liver
parenchyma were included in the study, and cases with
heterogeneous and geographic-pattern hepatosteatosis
were excluded. Demographic characteristics of the
patients were recorded, and their BMI and body surface
area (BSA) were calculated. Laboratory data (ALT,
AST, GGT, albumin, total bilirubin, triglycerides, total
cholesterol, LDL cholesterol) were retrieved from the
hospital information system for pediatric patients under
18 years of age without known liver disease (Table 1).

Patients with primary or metastatic liver disease,
a history of liver surgery, liver trauma, or hepatobiliary
infectious-inflammatory diseases were excluded from
the study.

Quantitative US Imaging

QUS imaging was performed on all patients after
a minimum of 6 hours of fasting. Abdominal US
examinations were conducted by a pediatric radiologist
with over 15 years of experience (G.B) and a radiologist
with 12 years of experience (M.A). The US device used was
a Samsung RS Prestige 85 with a 1-7 MHz convex curved-
array probe.

Patients were evaluated in the supine position. The
cranio-caudal long axis of the liver was measured through
the midclavicular line for each patient. Subsequently,
QUS imaging was obtained through the right intercostal
space by having patients place their right hand beneath
their head.

Initially, a numerical EzHRI value was obtained by
comparing the renal, and liver parenchyma. Next, TAl
and TSI measurements were performed sequentially,
ensuring measurements were taken from the same
location. TAl and TSI values were measured from at least
three different locations in the right liver lobe.
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Table 1. Demographic characteristics of the patients, laboratory and physical examination findings.
Variance n (%), mean * SD

Sex

M 37(72.5)

F 14 (27.5)

Age 13.04%3.30

Liver KK lengh 147.45%21.71

ALT 43.27%36.08

AST 31.05+£22.17

GGT 28.58+20.71

Albumin 47.64%4.56

Total bilirubin 0.47%0.32

LDL 89.11+21.33

TGS 118.41+£62.93

HDL 44 45+10.38

Total cholesterol 151.41£28.60

BMI 29.56%7.81

BSA 1.78+0.39

CC: Cranio-caudal, ALT: Alanine aminotransferase, AST: Aspartat aminotransferaz GGT: Gamma-glutamyl transpeptidaz, LDL: Low-density lipoprotein,
TGS: Trigliserid, HDL: High-density lipoprotein, BMI: Body mass index, BSA: Body surface area, SD: Standard deviation

Care was taken to exclude vascular structures from
the measurements and to obtain measurements at least
3 cm deep from the liver capsule. Examinations were
performed while the patients held their breath. Both
QUS techniques were successfully and easily applied. Ju’e

Healthy liver

As shown in Figure 1, TAl is a tool that measures
energy loss due to the attenuation of US signals from
the liver, depending on liver fat concentration’®. For
accurate measurements, the ROI should be kept away
from major vascular structures and artefactual areas,
with measurements taken at least 3 cm below the liver
capsule.

Measurement reliability was ensured by selecting
optimal areas with an R? value of 0.6 or higher, as
determined by the manufacturer. In areas with an
R? value below 0.6, the device issued a warning, and
measurements could not be taken. This feature facilitates
standardization among operators.

Figure 1. TAIl, the quantitative tool that measures

TSI, on the other hand, is a tool that measures signal the attenuation of signals from the liver, shows that
distribution based on backscattered signals, as shown in attenuation, as shown in Figure 1above, causes a change
Figure 2. The distribution of scattering signals changes in center frequency at greater depth, while a more
depending on hepatic fat content®'°, severe fatty liver is associated with greater attenuation.

Forboth TAland TSI, at least three measurements were TAl: Tissue attenuation imaging

obtained in a single breath-hold. The mean, median, and
interquartile range (IQR) values of the measurements
were recorded (Figure 3).
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Magnetic Resonance Imaging-Proton Density Fat
Fraction Method

After US imaging, all patients underwent MRI-PDFF
scans on the same day using a 1.5 Tesla MRI scanner
(GE, 360 Explorer) equipped with a body coil. A single
breath-hold 3D volumetric imaging sequence, MRI-PDFF
(IDEAL 1Q), was performed with the following scanning
parameters: TR17.1 ms, TE 3.8 ms, imaging matrix 224x192,
slice thickness 10 mm, field of view 40 cm, and bandwidth
100 kHz in the axial plane. A low flip angle of 8 degrees
was set.

Elliptical regions of interest (ROls) of 3 cm? were used
for MRI-PDFF measurements. At least three ROI values
were taken from the right liver lobe (segments 5, 6,7, and
8), and their averages were recorded. The images were
independently reviewed by two radiologists blinded to
the US findings, and the average of their measured values
was calculated.

Based on previously published studies, the accepted
MRI-PDFF cut-off values for HS were as follows: mild (S1)
<5%, moderate (S2)16.3%, and severe (S3) 21.7% steatosis".

Statistical Analysis

The Kolmogorov-Smirnov test was used to show the
normaldistribution of the data. Frequency and percentage
were used for categorical data, and mean standard
deviation and maximum and minimum values were used

Healthy Liver

Figure 2. Figure 2 below shows TSI, which measures
the correlation between the backscattered signals and
the Rayleigh distribution to assess the scattered signal
distribution.

TAI: Tissue attenuation imaging

for continuous data. Spearman correlation analysis was
used to evaluate the correlation between QUS values
such as TSI, TAI, EzHRI, and MRI-PDFF values. ROC curve
analysis was performed to determine the diagnostic
performance of QUS data in detecting hepatosteatosis
grades from SO to S3, corresponding to grades SO, S1, and
S2 of 25%, 216.3% and 221.7%, respectively. The p-value
less than 0.05 was considered statistically significant. The
SPSS 24.0 software (IBM Corp, Armonk, NY) was used to
perform statistical analyses.

RESULTS

The study included 51 patients [37 male (72.5%)]1. The
mean age of the patients was 13.04+3.30 (range: 5-17
years). Demographic values, laboratory findings showing
liver function tests, and physical examination findings
(such as BMI, BSA) of the patients are shown in Table 1.

According to MRI-PDFF values, steatosis was not
detected in 8 patients [SO: 5 (10%)]. Steatosis grading was
done from S1 to S3, and the values of this grading were
25%, 216.3%, and 221.7%, respectively. Their frequency
was found as follows in our patient group: S1:19 (37%), S2:
5(10%), S3: 22 (43%). In the correlation test between QUS
measurements (TAIl, TSI, EzHRI) and MRI-PDFF values, it
was seen that there was agreement in TAl and TSI values,
but no agreement with EzHRI (Table 2).

AvgSH
Min50.0

Figure 3. The median values of measurements were 0.74
dB/cm/ MHz and 94.91 for TAI (Figure 3A) and TSI (Figure
3B) techniques in a 10-year-old male patient with grade
1 hepatosteatosis. EzHRI value (Figure 3C) is 3.28. MRI-
PDFF value is 9.38 % (Figure 3D).

TAl: Tissue attenuation imaging, TSI: Tissue scatter
distribution imaging, MRI: Magnetic resonance imaging,
PDFF: Proton density fat fraction
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Table 2. QUS measurements with MRl PDFF.

;:L—ePDFF hepatosteatosis '(I'Igng/cm/M Hz) Median TSI median (IQR) EzHRI median (IQR) n (%)
SO (<%5) 0.64(0.61-0.66) 83.87 (71.14-87 .44) 2.29 (1.85-2.55) 5(10)
S1(25%-<16.3%) 0.70 (0.67-0.77) 89.24 (88.41-96.00) 2.63(2.64-3.03) 19 (37)
S2 (216.3%-<21.7) 0.82 98.97 (97.02-100.01) 3.47 (3.34-3.55) 5(10)
S3 (221.7%) 0.84 101.94 (100.85-102.65) 3.68 (3.57-3.85) 22 (43)

range, TSI: Tissue scatter distribution imaging

TAI: Tissue attenuation imaging, QUS: Quantitative Ultrasound, MRI: Magnetic resonance imaging, PDFF: Proton density fat fraction, IQR: Interquartile

In the correlation analysis, it was seen that there was
a correlation between TAI (r=0.790, p<0.001) and TSI
(r=0.591, p<0.001) measurements and MRI-PDFF values,
while there was no correlation between EzHRI (r=0.294,
p=0.36) value and MRI-PDFF.

According to the evaluation made with ROC
curve analysis, the results of TAlI and TSI in diagnosing
hepatosteatosis (accepted MRI-PDFF 25%) were as
follows: AUROC: 0.817,95% Cl: (0.73-0.93) (p=0.005) and
AUROC: 0.628, 95% Cl: (0.70-0.88) (p=0.047).

The sensitivity and specificity of the TAl value of 0.67
dB/cm/MHz in diagnosing hepatosteatosis (MRI-PDFF
>5%) were found to be 77% and 75%, respectively. In the
TSI measurement, the sensitivity at the value of 88.03
was 70% and the specificity was 73%.

DISCUSSION

In recent years, the terminology of HS has evolved,
and it is now internationally recognized as fatty liver
disease associated with metabolic syndrome, which
includes dyslipidemia, obesity, and insulin resistance.
This metabolic syndrome is well-known to be linked to
cardiovascular risk'*". Therefore, early diagnosis is crucial,
and one of the primary non-invasive methods gaining
prominence, especially in children, is QUS. In our study,
the effectiveness of QUS in diagnosing HS in pediatric
patients was demonstrated; showing strong correlation
with MRI.

In our study, we demonstrated that QUS is an
effective non-invasive method for diagnosing HS in
pediatric patients, showing a strong correlation with
MRI-PDFF. The Samsung Prestige RS85 device used in
our study employed TAIl and TSI parameters to calculate
HS percentage, with cut-off values of 0.67 and 88.03,
respectively. TAl demonstrated an AUROC value of
0.817, indicating good diagnostic performance with 77%
sensitivity and 75% specificity. In contrast, TSI exhibited a
lower AUROC value, highlighting differences in diagnostic
performance. Additionally, the EzHRI parameter did not
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show a statistically significant results or a correlation with
MRI-PDFF.

Interestingly, previous studies conducted in adult
populations reported a strong diagnostic performance
for EzHRI, identifying a cut-off value of 1.2 as optimal for
detecting steatosis with 100% sensitivity'*. Additionally,
a recent pediatric study found a similar optimal cutoff
value (AUROC 0.98, specificity 92.9), indicating good
diagnostic performance®. The discrepancy between our
findings and these previous studies might be attributed
to differences in sample size, population characteristics,
or study design.

The incidence of HS in children is increasing, largely
due to sedentary lifestyles, fast-food consumption, and
screen dependency. HS poses severe risks, including
parenchymal inflammation and fibrosis (in about 20-
25% of cases), carcinoma, and mortality. Therefore,
accurate, non-invasive, and easily applicable diagnostic
techniques are essential. Our findings suggest that QUS,
particularly using TAl, is a reliable and practical tool for
diagnosing HS in children, especially in settings where
MRI is unavailable.

When comparing our findings with the literature, it is
evident that studies have reported the growing role of
QUS in liver fat quantification. The American Institute
of US in Medicine and RSNA Quantitative Imaging
Biomarkers Alliance have standardized US protocols
for fat quantification. In 2022, Ferraioli et al.'® reported
attenuation-based QUS techniques with MRI-PDFF as
the reference standard. In recent studies, the receiver
operating characteristic (ROC) curves for QUS showed
an area under the curve (AUC) of 0.84-0.93 for steatosis
grade 1, 0.86-0.93 for grade 2, and 0.79-0.93 for grade 3
(17,18). Similarly, Labyed and Milkowski'" reported a high
correlation (r=0.87) between US-derived fat fraction and
MRI-PDFF. Our results are consistent with these findings,
emphasizing the robustness of QUS for pediatric HS
diagnosis.
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Guidelines published by the Expert Committee
on HS and the North American Society for Pediatric
Gastroenterology, Hepatology, and Nutrition recommend
alanine aminotransferase (ALT) as the best screening test
for detecting steatosis in children; however, B-mode US
is not recommended due to insufficient sensitivity and
specificity. Inour study, elevated ALT levels were observed.
However, serum markers such as aminotransferases are
relatively insensitive and not specific for detecting HS.
Liver enzyme tests systematically underestimate the true
extent of disease and have low prognostic value for the
development of non-alcoholic steatohepatitis?.

Transient elastography via  FibroScan, while
effective, shows variability in threshold values and
higher measurement failure rates in patients with
high BMI. In contrast, QUS offers better accessibility
and cost-efficiency without sacrificing diagnostic
accuracy. Moreover, recent advancements in US-based
technologies (such as ATl and TAI) are promising but vary
in diagnostic performance, as shown by Zhu et al? in a
study comparing TAI, ATI, and controlled attenuation
parameter (CAP). When compared with 1 proton MR
spectroscopy (IH-MRS), TAIl also demonstrated the
highest correlation (the study). Their study showed
moderate-to-good AUCs for detecting HS. However, in
cases of severe HS, the significantly attenuated signals
limit the system’s ability to evaluate steatosis effectively.

On the contrary, in a steatosis study conducted on 305
children, the CAP demonstrated higher sensitivity (72%),
compared to B-mode US (42%)*. Moreover, liver stiffness
values in children with HS were significantly higher
(approximately 0.5 kPa) than those without steatosis.
While this increase may not be clinically significant,
it underscores that steatosis is not always a benign
condition due to the potential risk of steatohepatitis.
Indeed, advanced fibrosis was present at diagnosis in
15% of children, suggesting that the disease may be
more severe in children than in adults®. Therefore, early
diagnosis is of great importance in the management of
children.

In2021, Bende et al.?* conducted studies on US-guided
attenuation parameter measurements, which showed a
strong correlation with CAP, with a correlation coefficient
of 0.73. The AUROC values for predicting S1, S2, and S3
steatosis were above 0.83 and up to 0.90, indicating high
accuracy.

Similarly, a study by Tada et al? involving 126
participants used MRI-PDFF to assess chronic liver

disease, reporting AUROC values of 0.92, 0.87, and
0.92 for predicting S1, S2, and S3 steatosis, respectively.
Several studies have also validated MRI-PDFF or H-MRS
as reference standards in numerous clinical trials?.

Despite their high sensitivity, these techniques
are expensive and not routinely utilized for HS
quantification?. Consequently, US remains the most
preferred method for clinical screening and follow-up
due to its accessibility and affordability.

In a recent study, TAl demonstrated high diagnostic
performance and a strong correlation in differentiating
degrees of HS, whereas TSI did not show a linear
dependence on the severity of steatosis®®. According to
the literature and the aforementioned studies that used
MRI-PDFF as a reference, it is evident that when MRI is
unavailable, there is a need for less expensive and non-
invasive imaging techniques, such as US, which is more
practical and easier to perform in children.

The limitations of our study include its single-center
nature and the small sample size of patients. Another
limitation is that potential confounding factors such
as inflammation or fibrosis cannot be completely
eliminated.

CONCLUSION

In conclusion, as the prevalence of fatty liver disease
continues to rise and associated complications become
more apparent, the need for reliable non-invasive
diaghostic methods has grown. Our study demonstrated
that QUS, particularly using TAlI and TSI parameters,
provides a practical and accessible alternative to MRI-
PDFF in diagnosing HS in children. The strong agreement
between TAI and TSI values and MRI enhances the
reliability of QUS. In contrast to previous studies showing
good diagnostic performance, the inconsistency of EzHRI
suggests that further large-scale research is necessary
to evaluate the consistency and applicability of this
parameter across different populations.
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Loneliness in Retirement
Emeklilikte Yalnizlik
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ABSTRACT

Objective: Loneliness has been identified as a subjective unpleasant
feeling of emptiness and distress, affecting diverse age groups, particularly
retirees. Retirement is a major life event characterized by the cessation of
professional activities and the loss of regular income. These phenomena
are often combined and their relationship can be complex.

Methods: The research encompassed 75 randomly selected outpatients
at the University Hospital Center Zagreb, Department for Psychiatry and
Psychological Medicine in Zagreb Croatia with an anxiety disorder who
were in remission and met the inclusion criteria. The participants were
divided into three groups of 25 respondents: five years before retirement,
oneyear before retirement, and one year after retirement. The participants
were tested once using psychological tests: The University of California,
Los Angeles (UCLA); and the Mini International Neuropsychiatric Interview.

Results: This study examined loneliness among 75 participants across
retirement phases. UCLA Loneliness Scale scores increased significantly
from pre to post-retirement (p<0.001), peaking one year after retirement.
Emotional loneliness, particularly feelings of isolation, rose sharply, while
social loneliness increased gradually. A One-Way Analysis of Variance
confirmed a significant effect of retirement on loneliness, F (2.72)=24,561,
p<0.001, with an impact level of n2=0.405. A substantial impact is observed
on emotional and social well-being.

Conclusions: Study results indicate a significant increase in loneliness
among retired individuals. Transition to retirement can have an impact on
individuals’ emotions and social interactions. There is a need to support
retirees in establishing new daily routines.

Keywords: Loneliness, retirement, anxiety disorder, social interactions,
support

(o)A

Amag: Yalnizlik, basta emekliler olmak Uzere cesitli yas gruplarini
etkileyen, 6znel ve hos olmayan bir bosluk ve sikinti hissi olarak
tanimlanmistir. Emeklilik, mesleki faaliyetlerin sona ermesi ve diizenli
gelirin kaybi ile karakterize edilen énemli bir yasamsal olaydir. Bu
olgular genellikle bir arada gorulur ve aralarindaki iliski karmasik
olabilir.

Yontemler: Arastirma, Hirvatistan'in  Zagreb kentindeki Zagreb
Universite Hastanesi Psikiyatri ve Psikolojik Tip Boliimi'nde anksiyete
bozuklugu icin ayakta tedavi géren ve remisyonda olan ve dahil edilme
kriterlerini karsilayan rastgele secilmis 75 hastayr kapsamaktadir.
Katilimcilar emeklilikten bes yil 6nce, emeklilikten bir yil 6nce
ve emeklilikten bir yil sonraki gruplar olarak 25'er kisilik G¢ gruba
ayrilmiglardir. Katilimcilar psikolojik testler [California Universitesi, Los
Angeles (UCLA) yalnizlik 6lgegi ve Mini Uluslararasi Noropsikiyatrik
Gorusmel kullanilarak bir kez test edilmislerdir.

Bulgular: Bu calismada, 75 katiimci arasinda emekliligin
asamalarindaki yalnizlik incelenmistir. UCLA Yalnizik Olcegi puanlari
emeklilik ©6ncesinden emeklilik sonrasina 6nemli olgide artmis
(p<0,001) ve emeklilikten bir yil sonra zirveye ulasmistir. Duygusal
yalnizlik, 6zellikle de izolasyon hissi keskin bir sekilde yikselirken,
sosyal yalnizlik kademeli olarak artmistir. Tek yonli varyans analizi,
emekliligin yalnizlik (izerinde anlamli bir etkisi oldugunu dogrulamistir
[F (2,72)= 24.561, p<0,001, etki diizeyi n?=0,405]. Duygusal ve sosyal
refah tizerinde de 6nemli bir etki gézlenmistir.

Sonuglar: Calisma sonuglari, emekli bireyler arasinda yalnizlikta
6nemli bir artis oldugunu géstermektedir. Emeklilige gegis, bireylerin
duygular ve sosyal etkilesimleri Gzerinde etkili olabilir. Emeklilerin
yeni glnlik rutinler olusturmalarinda desteklenmeleri gerekmektedir.

Anahtar kelimeler: Yalnizlik, emeklilik, aksiyete bozuklugu, sosyal
etkilesimler, destek

INTRODUCTION

“...how hard it is to be weak. How hard it is to be alone

"

and to be old, yet so young

Tin Ujevid

Loneliness can be defined as a subjective experience
of socialisolation based on frustrated needs for belonging
and a sense of dissonance between the expected and

the actually existing quality of social relationships'.

It

is a truly universal experience, which means that every
person will encounter loneliness at some point in their
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life2. The concept of loneliness has been discussed since
Ancient Greece. Aristotle himself emphasized that a
person who is not social cannot be anything other than
a beast or a god; i.e, he cannot be a fully human being.
There are many classifications of loneliness, but the most
renowned one is the Weiss typology of loneliness, which
distinguishes between emotional and social loneliness®“.
Recent reasearchs claims that loneliness can manifest
itself through a number of different dimensions of
human existence. On a biological level, loneliness can
be characterized as internal stress. On the psychological
level, it creates a subjective feeling of rejection and
pain. On a deeper spiritual level, it affects questions of
meaning®.

Loneliness has become an epidemic problem in
contemporary society, which we cannot ignore, because
it has produced serious psychological and health
consequences®. In the European context, loneliness
disproportionately affects the elderly. The significance of
this issue is accentuated by Europe’s large and growing
elderly population. The increase in life expectancy has
contributed to later retirements. The phenomenon of
individuals working full-time or part-time in retirement
has become increasingly prevalent in the 21t century’s.

Loneliness is not the same as solitude. Solitude is an
objective indicator that a person does not have other
people around him or her, while loneliness is a subjective
experience of insufficient or deficient relationships with
other people®. The positive aspect of loneliness can
be beneficial. Furthermore, it encourages a person to
seek and establish relationships. Importantly, the study
discovers and eliminates its psychological causes'.

In contrast, severe or prolonged episodes of loneliness
can act as chronic stressors that damage well-being
and health. Addressing this issue requires a substantial
investment in social relationships". As individuals age,
there is an increasing probability of encountering health
limitations and illnesses that may impede their capacity
for social engagement'.

Retirement represents the culmination of a phase in
the life of every individual who no longer has professional
activities, loses regular salary for the work performed,
and brings the working life to a definitive conclusion.
According to many experts, retirement is characterized
by elevated stress levels and the dissolution of previously
held roles and responsibilities”. Before the advent of
globalization, modern technology, and an organized
pension system, people worked as long as their health
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allowed them. There was no limit that marked when a
person was ready for retirement'™.

There are two categories of retirement: voluntary and
involuntary. Voluntary retirement refers to an employee’s
decision to leave their position prior to reaching the
statutoryretirementage. Involuntary retirementis caused
by external factors, not by personal choice. It has been
shown to negatively affect depression, life satisfaction,
and stress levels™. In the retirement phase, an individual
ceases to be an active member of the working world.
This period of life is often accompanied by a sense of
mortality and a fear of death'. It is not possible to assert
that the process is the same for everyone because we do
not all age in the same way, influenced by a combination
of psychological, biological, and social factors. The spirit
and nature of each individual is the foundation of their
unique identity".

Despite numerous medical discoveries and
achievements of the modern era, death still eludes
human control. The terms “illness” and “death” are
commonly associated with old age and retirement’®”. As
indicated by the biological aspect of aging, individuals
experience a decline in physical strength and an increase
in physical dependence on others. The social institution
creates structures to govern the dependence of people
considered helpless?®®. The notion of retirement can
evoke a concept that sounds scary and intimidating to
any of us. A significant proportion of retirees have adult
children who themselves have their own families, which
is a common occurrence concomitant with retirement?.

Assuming that an individual is in good health when
entering the third age upon retiring, they will have a
significant amount of free time at their disposal. After
many years of work, these situations can have a negative
effect on the transition to retirement?’. Prejudices are
frequently correlated with advanced age: a tendency to
get sick, being unproductive, impaired cognitive function,
depression, and express dissatisfaction?. In addition to
the fears that accompany the transition to retirement,
older adults must confront prejudicial attitudes that are
prevalent in society?*.

The study hypothesizes that loneliness increases
significantly during the transition to retirement, with the
highest levels observed post-retirement. The objective of
this study was to examine the effects of retirement on
the degree of loneliness experienced by individuals with
anxiety disorders.



MATERIALS and METHODS
Study Design

A 12-week December 5%, 2024-March 4%, 2025
randomized controlled trial was carried out at the
University Hospital Center Zagreb, Department for
Psychiatry and Psychological Medicine in Zagreb, Croatia.
Atotal of 75 outpatient participants who met the inclusion
criteria were randomly assigned to three age groups, with
25 participants per group. Five years before, one year
before, and one year after involuntary retirement.

Inclusion criteria required the following: Participants
to have a diagnosed anxiety disorder, be aged 55-66 years,
and have stable remission maintained for 26 months.
Exclusion criteria comprised: Psychotic decompensation,
antipsychotics, current depression, antidepressants,
suicide attempts, or substance/alcohol use within the
preceding 6 months.

All participants underwent psychiatric examination,
including general questionnaires and psychological
testing including the University of California, Los Angeles
(UCLA) test to measure loneliness levels and the Mini
International Neuropsychiatric Interview (MINI) to
exclude depression and psychosis.

Measuring Instruments

1. General questionnaire (sociodemographic and
medical data).

Cender: m/f, level of education (elementary, high
school, university), marital status-married, widowed,
divorced, single, offspring yes/no, if yes, how many
children, employment status: employed or unemployed.
Family history, suicide attempt, diagnosis.

2. The short form of the UCLA Scale was used to
measure loneliness?. This scale quantifies loneliness as
a unidimensional construct. It has seven items with five
points. Participants were instructed to indicate on a five-
point rating scale how much each statement applied to
them, ranging from 1 (does not apply to me at all) to 5
(completely applies to me). The total score is derived as a
linear combination of the scores from all seven items, with
higher scores indicating greater levels of loneliness. The
UCLA scale was utilized in a Croatian sample comprising
different age groups. The scale has been found to possess
satisfactory discriminant validity?.

3. MINI was utilized to rule out the presence of
depressiveness and psychoticism, as it is a structured
interview according to the criteria from the Diagnostic
and Statistical Manual of Mental Disorders. The
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psychiatric interview is consistent with a biopsychosocial
approach to mental disorders, and it is crucial to grant the
patient the opportunity to articulate in his own words his
experiences and concerns. The formulation of a diagnosis
and the acquisition of additional pertinent data are
facilitated by specific questions. This comprehensive
approach enables a thorough evaluation of the patient’s
condition and the development of a tailored treatment
plan. The patient must be informed of the rationale
behind the psychiatric interview, such as diagnosis,
research, treatment determination, or the assessment
of capacity to work or disability, along with any other
pertinent rights?.

Statistical Analysis

The statistical methods used for data analysis of this
study were descriptive statistics: numbers, percentages,
means, and means and standard deviations (SDs).
Statistical analyses were conducted using IBM SPSS
version 19.0. tables and figures were created in MS Excel.

Ethical Approval

This study was approved by the Ethical Committee of
the University Hospital Center Zagreb, Croatia, class: 8.1-
24/266-2, number: 02/013 AG, dated December 4th, 2024,
before recruitment of the first participant. Participants
were provided with a detailed explanation of the study
protocol, and written informed consent was obtained
from each individual. All procedures were carried out
in accordance with the ethical principles outlined in the
Declaration of Helsinki.

RESULTS
Demographic Characteristics

The final sample included 75 participants. Women
comprised the majority at 54.7%, while men accounted
for 453%. The majority of participants (68%) were
younger than 65 years, while 32% were 65 years or
older. As anticipated, the analysis revealed a statistically
significant difference in the distribution of age groups.
The result was significant (p<0.001) because all retired
participants belonged to the older age group.

Over half of the participants were married (56%), while
32% were divorced, 9.3%, were single, and a minority
(2.7%) were widowed. Importantly, marital status was
evenly distributed across all age groups (p=0.49).
Education level was also well distributed across groups
(p=0.40), with the majority (50.7%) having completed
high school, 32% holding a university degree, and 17.3%
having finished elementary school.
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As shown in Table 1, 60% of participants were
employed, while 33.3% were retired and 6.7% were
unemployed. Given the structure of the sample, it was
expected that the employment distribution would not
be equal (p<0.001). The majority of participants (89.3%)
had children, while 10.7% were childless. However, no
statistically significant difference was observed between
the groups in this regard (p=0.37).

Psychiatric diagnoses were evenly distributed among
the three groups (p=0.80), with 50.7% diagnosed with
F41 disorders and 49.3% diaghosed with F43.2 disorders.
Regarding the hereditary aspect of psychiatric illness,
24% of participants reported having a family member
with a mental illness, with the difference between groups
is approaching statistical significance (p=0.07). Only one
person had a history of a suicide attempt.

Table 1. Demographic characteristics.

Category Subcategory p-value

Female: 54.7% 0.42
Sex

Male: 45.3%

<65:68% <0.001*
Age

265:32%

Single: 9.3% 0.49

Married: 56%
Divorced: 32%
Widowed: 2.7%
Elementary: 17.3% 0.40

Marital status

Education High school: 50.7%
University: 32%
Unemployed: 6.7% <0.001*
Employment Employed: 60%
Retired: 33.3%
Yes: 89.3% 0.37
Children
No:10.7%
) ) F41:50.7% 0.80
Diagnosis
F43.2: 49.3%
Yes: 24% 0.07*
Family history
No:76%
L Yes: 1.3% 0.36
Suicide attempt
No: 98.7%

*As indicated by the symbol

This indicates a statistically significant difference or association when
compared between the studied categories and other categories. The
p-value for that specific category is statistically significant, typically at
a threshold of p<0.05.
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University of California, Los Angeles Loneliness
Scale Analysis

As seen in the descriptive statistics for the UCLA
total score in Table 2, the mean UCLA loneliness score
increased across the three groups. The lowest mean
score was observed five years before retirement (M=13.32,
SD=3.26), followed by one year before retirement
(M=15.20, SD=2.55), with the highest mean score found
one year post-retirement (M=18.96, SD=2.83).

A One-Way Analysis of Variance (ANOVA) revealed a
significant effect of retirement on loneliness levels, F (2,
72) = 24.561, p<0.001, with a large effect size n?=0.405,
indicating that approximately 40.5% of the variance in
loneliness scores can be explained by retirement status.
This strong effect size suggests a substantial increase in
feelings of loneliness after retirement.

Post-hoc Tukey honestly significant difference (HSD)
analysis indicated that loneliness scores one year after
retirement were significantly higher than both one
year prior (p<0.001) and five years prior to retirement
(p<0.001). Notably, the difference between five and one
year prior to retirement was not statistically significant
(p=0.07).

Further analysis of item-level UCLA loneliness
responses revealed differences across time points. UCLA
item 3, “| feel isolated from others,” showed the largest
increase, with mean scores rising from M=2.3 (five years
before) to M=2.5 (one year before) and peaking at M=2.8
(one year after retirement). Similarly, UCLA item 4, “| feel
alone,” increased from M=2.2 to M=2.4 before reaching
M=27 after retirement. These results suggest that
emotional loneliness, characterized mainly by feelings of
isolation, post-retirement, is the most affected aspect of
loneliness.

Social loneliness also increased but more gradually.
UCLA item 1, measuring lack of companionship, rose
from M=1.9 (five years before) to M=2.1 (one year before)
and M=2.4 (one year after). A similar trend was observed

Table 2. UCLA total score descriptive statistics.

Group N Mean SD Minimum | Maximum
> years 25 1332|3262 |9 23

before

1 year 25 152 255 |8 20

before

1year after | 25 18.96 2.835 |11 22

SD: Standard deviation, UCLA: University of California, Los Angeles
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Figure 1. Mean UCLA total score across groups.

UCLA: University of California, Los Angeles

in UCLA item 2, assessing feelings of being left out
(M=2.0-5M=2.2-M=2.5). These findings suggest retirees
maintain social interactions, but experience a gradual
decline in social belonging.

Lastly, perceived social support slightly declined.
Iltems four, five, and six increased by 0.2 points from five
years before to one year after retirement. Notably, UCLA
item 7, “There are people who really understand me,”
saw a larger rise (M=2.2—-M=2.5), indicating a rising sense
of emotional detachment.

DISCUSSION

The objective of the present study was to assess the
likelihood of increased loneliness in patients prior to and
following retirement. Our results suggest that emotional
loneliness characterized by feelings of isolation,
loneliness, or misunderstanding increases more sharply
after retirement than social loneliness, which is defined
as a lack of companionship and feelings of being left out.

Sociodemographic Data

The final sample included 75 participants. Women
comprised the majority (54.7%), while 45.3% were men. The
majority of participants (68%) were younger than 65 years,
while 32% were 65 years or older. Over half of the participants
were married (56%), while 32% were divorced, 9.3% were
single, and a minority (2.7%) were widowed. Importantly,
marital status was evenly distributed across all age groups
(p=0.49). Education level was also evenly distributed
across groups (p=0.40), with the majority (50.7%) having
completed high school, 32% holding a university degree,
and 17.3% having finished elementary school.
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Psychiatric diagnoses were evenly distributed among
the three groups (p=0.80), with 50.7% diagnosed with F4l
and 49.3% diagnosed with F43.2. Regarding the hereditary
aspect of psychiatric illness, 24% of participants reported
having a family member with a mental illness, with the
difference between groups approaching statistical
significance (p=0.07). Only one person had a history of
suicide attempt.

Analysis of the University of California, Los
Angeles Loneliness Scale

The mean UCLA loneliness score increased gradually
from five years prior to retirement to one year prior to
retirement, peaking one year after retirement, according
to the UCLA total score shown in Table 2. Findings
indicate a notable increase in emotional loneliness
post-retirement. Retirement has a statistically significant
impact on loneliness levels [F (2.72)= 24,561, p<0.001],
according to the results of the one-way ANOVA, with
a substantial effect size (1?=0.405). According to the
research, loneliness was significantly higher after
retirement, underscoring the necessity of focused
interventions like social support networks.

The results showed significantly higher scores one
year after retirement compared to pre-retirement
levels (p<0.001). Post-hoc Tukey HSD tests confirmed
that loneliness levels were significantly higher after
retirement. However, the difference between five
and one year before retirement was not statistically
significant (p=0.07), indicating that loneliness is a result
of the transition itself. These results emphasize the
necessity of focused assistance in early retirement to
lessen emotional and social difficulties.

In a study by Hawkley et al.%8, researchers examined
data from two surveys involving adults older than 50
years in the ultrasonography. The researchers’ findings
indicated that after the age of 50, which was the earliest
age of participants in their study, loneliness tended
to decrease until about age 75, after which it began to
increase again?. In our study, we had a sample ranging
in age from 55 to 66 years. The present study focused on
the phenomenon of loneliness, highlighting the impact
of major life transitions and identifying fluctuations in
loneliness.

Interestingly, the same part of the brain (the anterior
insula) is activated during experiences of pain and
loneliness, which points to a similar emotional quality in
both experiences?.

Carr and Fang 3° conducted a study exploring the
qualitative experiences of existential loneliness among
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80 older adults residing in retirement communities in
the United Kingdom and Australia. The study provided
substantial insight into the inner lives of older people.
The study identified several core themes, including the
loss of close relationships, absence of physical touch
and intimacy, declining physical health, and the lack
of an emotional vocabulary to articulate experiences
of existential loneliness. The study concluded that
transition to retirement living is linked to the experience
of existential loneliness®.

Our study further examined loneliness in the context
of retirement. We identified emotional loneliness (e.g.,
feelings of isolation) as a key component, contributing
to a deeper understanding of loneliness in eldery
population and retirees.

Research by Shin et al¥ found that involuntary
retirement is linked to higher levels of loneliness.
However, the study also indicated that involuntarily
retired individuals with strong positive social support
had relatively lower levels of loneliness. The findings
suggested that social support may alleviate the negative
impacts of involuntary retirement. No one can be forever
young or healthy, and just as caring for children is
considered a family obligation, so is caring for the elderly
and infirm?3.

Guthmuller et al3?study indicates that individuals can
adapt to retirement by increasing their activity levels.
This leads to a reduction in feelings of loneliness and
social isolation. The heterogeneity analysis indicates that
this phenomenon is particularly evident among the more
highly educated®.

The results in our study also indicate that more highly
educated individuals were less lonely prior to retirement.
As individuals grow older, very often, their social circle
tends to contract. Friends and family live far away. This can
create some difficulties in maintaining social connections
and establishing new relationships, particularly if health
issues restrict their ability to stay active and mobile.

Sharma and Prince® research, had a sample of 600
retired people. The results indicated that loneliness has
a negative and significant impact on the health of retired
individuals. While self-esteem and physical activity have
a positive and significant impact on their health, further
studies are needed to understand the mechanisms
involved. The study demonstrated a negative association
between health and loneliness, indicating that increased
loneliness contributes to a decline in both quality of life
and overall health among adults®.
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Both studies emphasize that retirement is a critical
period where the loss of structured social interactions
and emotional support can lead to increased loneliness.
They also emphasize the need for interventions to
address these challenges. These findings are comparable
to ours.

Findings from the study by Chen and Feeley?*
indicated that emotional support from a spouse or
partner, as well as from friends, played a significant
role in alleviating feelings of loneliness. In a survey
conducted by Hajek et al.®, regression analyses revealed
that loneliness increased with advancing age; transitions
from being married and cohabiting with a spouse or
registered partner to other marital statuses; reductionsin
log income; declines in self-rated health and functional
ability; increases in depressive symptoms; and decreases
in cognitive functioning. Notably, loneliness was not
associated with changes in the presence of chronic
diseases. The data were drawn from Waves 5 to 7 of
the Survey of Health, Ageing and Retirement in Europe,
comprisingan analytical sample of101.909 observations®.

Loneliness in retirement can have significant effects
on both mental and physical health. Current research
is mainly focused on the connection of loneliness with
mortality, mental, and cardiovascular health. It is more
likely that lonely people will resort more often to
unhealthy behaviors like alcohol consumption, smoking,
substance abuse, or excessive food intake and use them
as psychological relief mechanisms3¢%,

The study by Jutengren and Stah[® included a sample
of 601 job-retired, community-dwelling older adults (386
females and 215 males) aged between 65 and 97 years.
The results indicated that the mediation model provided
a substantially better fit to the data compared to the
main effects regression model. These findings suggest
that emotional expressivity plays a mediating role in the
relationship between social loneliness and its previously
identified predictors.

The present study shares certain parallels with other
research in the field. Loneliness was observed among
retired individuals, and furthermore, the impact of
retirement on social connectedness was highlighted. It
is imperative to acknowledge the emotional and social
dimensions of loneliness. Additionally, there is a need for
interventions to address loneliness in retired individuals.

Contribution

The primary contribution of our research is its
strong statistical significance. Furthermore, the present
study provides valuable insights that enable a deeper



exploration of loneliness. It highlights retirement-
specific loneliness dynamics, differentiation of loneliness
types (emotional and social loneliness), and providing
practical implications. Given the inherently subjective
nature of loneliness, future studies could benefit from
incorporating qualitative methods such as open-ended
questions or in-depth interviews to provide richer
insights.

Study Limitations

The present study was subject to several limitations.
Firstly, the relatively modest sample size may have
reduced the study’s power. Secondly, the study did not
incorporate additional laboratory tests. The absence of a
control group and cross-sectional design are important
limitations of the study. Consequently, future research
should prioritize expanding the sample size in order to
achieve better statistical power.

CONCLUSION

The transition to retirement represents a critical life
event, as it often initiates significant changes across
multiple domains of an individual's life. Newly retired
individuals frequently report heightened feelings of
loneliness during this period. Loneliness, particularly
emotional loneliness, spikes after retirement, while
social loneliness increases more gradually. They may feel
as though they don't have any social roles and may have
less contact with other people. This is a serious health
problem. Further research is needed to enhance retirees’
quality of life.
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Comprehensive Classification of Variations of the Anterior
Part of the Circle of Willis in Fresh Cadavers Anterior
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ABSTRACT

Objective: The goal of our study is to evaluate and classify the variations
of the anterior communicating artery (AComA) on fresh cadavers from the
Turkiye population.

Methods: In this study, 182 fresh cadavers were analysed and classified
according to the number, shape and course of the AcomA.

Results: In our study, typical AcomA was the most common with a rate of
86 (47.25%), while variations of the AcomA were found in the remaining 96
(52.75%) cases. Among these variations, in 11.46% (11/96) of cases, AcomA
variations were identified as distal and proximal duplications according
to the number of branches they represented; 68.75% (66/96) of cases
were identified by their shape (X-shaped, single/double fenestration,
hypoplasia, or aplasia); and, in 19 cases, it was characterized by course
(median artery or oblique course). The rate of variations was 65% (26/40)
in females and 49.29% (70/142) in males. In our study, the X-shaped and
single fenestration variations were recorded as the most common.

Conclusions: The results of the study are important for cerebrovascular
surgery and radiological interventions. It emphasises the importance
of recognising and considering variations. The study will contribute to
the understanding of cerebrovascular diseases and the development of
treatment strategies.

Keywords: Anterior communicating artery, variation, circle of Willis, fresh
cadaver

oz

Amag: Bu calismanin amaci, Turk poptlasyonuna ait taze kadavralar
Uzerinde arteria communicans anterior'un (AcomA) varyasyonlarini
tanimlamak ve siniflandirmaktir.

Yontemler: Bu calismada toplamda 182 taze kadavra incelendi ve
AcomA'nin sayisi, sekli ve seyrine gére siniflandirilmasi gergeklestirildi.

Bulgular: Calismamizda, tipik AcomA %47,25 oraniyla en sik
goruliurken, geri kalan 96 olguda AcomA’un varyasyonlarina rastlandi.
Bu varyasyonlar arasinda 11/96 olguda distal ve proksimal duplikasyon,
66/96 olguda sekline gore (X-sekilli, fenestrasyona sahip, hipoplazik
veya aplazik) ve 19 olguda seyrine gére (median arter veya oblik seyir)
AcomA varyasyonlari tespit edildi. Varyasyon orani kadinlarda 26/40
ve erkeklerde 70/142 idi. Calismamizda, X sekilli ve tek fenestrasyon
gosteren varyasyonlari en sik goriilen varyasyonlar olarak kaydedildi.

Sonuglar: Calismanin sonuglari serebrovaskiiler cerrahi ve radyolojik
girisimler icin dnemlidir. Varyasyonlari tanimanin ve dikkate almanin
6nemini vurgulamaktadir. Calisma, serebrovaskiiler hastaliklarin
anlasilmasina ve tedavi stratejilerinin gelistirilmesine katkida
bulunacaktir.

Anahtar kelimeler: Arteria communicans anterior, varyasyon, Willis
halkasi, taze kadavra
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INTRODUCTION

The cerebral arteries forming the Circle of Willis are
very important in terms of collateral circulation of the
brain. There are a number of vital anastomoses between
the arteries forming the polygon'. In case of stenosis
or occlusion of any of the arteries, these anastomotic
connections ensure the continuity of collateral
circulation. Variations such as aplasia and hypoplasia are
risk factors for cerebrovascular events. Knowledge of both
the normal anatomy of the arteries forming the cerebral
arterial circle and the existing variations are extremely
important for the radiologic and surgical interventions
planned for this region?*.

The anterior communicating artery (AcomA), which
connects the anterior cerebral arteries (ACAs) on both
sides, is sometimes absent or may be double. From this
artery, branches named anteromedial central arteries of
varying numbers branch off and supply the optic chiasm,
hypothalamus, cingulate gyrus, lamina terminalis, and
preolfactory area'>s.

This study was conducted to find variations in the
AcomA, which stabilises cerebral blood flow when the
main channels fail or are insufficient for different reasons.
The AcomA shows many morphological variations. The
adequacy or lack of recovery after vascular occlusion
depends partly on the anatomical condition of the
component vessel of the Circle of Willis'’"'°. Therefore,
knowledge of such variations is of clinical importance.

MATERIALS and METHODS

Approval from the ethics committee of our study
was completed in two stages. In the first stage, after
obtaining permission from the scientific committee of
the Forensic Medicine Institute (Istanbul, Turkiye), an
ethics committee application was made; approval was
obtained from Istanbul Medical Faculty Clinical Research
Ethics Committee (date: 04/10/2024, decision no: 19).

Since our study was performed on autopsied cadavers,
"informed consent" was not obtained. All procedures
were carried out in accordance with the ethical rules
and the principles of the Declaration of Helsinki. The
study was conducted on the fresh cadavers received by
Department of Morgue Specialization of the Forensic
Medicine Institute, Ministry of Justice (Istanbul, Turkiye)
for autopsy from 2022 to 2024.

Autopsy Procedure and Brain Examination

During the autopsy, the scalp was incised coronally
using a scalpel and carefully pulled back. The temporalis
muscle and its fascia were dissected, and any remaining
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fascial tissue on the bone was meticulously scraped
away. The calvaria was then removed using a bone saw,
followed by the careful removal of the dura mater to
expose the underlying brain tissue.

The brain was gently retracted posteriorly from the
frontal lobes, and the cranial nerves were severed at
their osseous entry points to isolate the brainstem. A
transverse incision was made at the brainstem near the
level of the foramen magnum, allowing the complete
extraction of the brain.

Subsequently, the arachnoid mater covering the
cerebral arteries was dissected to fully expose the vessels
of the cerebral arterial circle (Circle of Willis). The ACAs
and AcomAs were examined in situ to preserve their
natural anatomical relationships and photographed for
documentation. High-resolution images were captured
using a 20-megapixel Sony RX100 VIl camera.

Exclusion criteria were determined as follows: before
the autopsy procedure, during the autopsy, and after the
brain tissue was removed.

Dissection Technique

In the first stage of dissection, the scalp was removed.
The fascia covering the temporalis muscle and the muscle
itself was peeled off. The calvaria was then incised with
a saw according to autopsy procedures. After the dura
mater was dissected, the brain tissue was exposed. The
brain was deviated posteriorly from the frontal lobe, and
the visible cranial nerves were cut at their entry points
to the cranium. Finally, the brain stem was dissected
transversely, and the brain tissue was removed from
the cranium. The adherent layer of arachnoidea mater
under the dura mater and just above the brain tissue was
removed, and the cerebral arteries were exposed. The
ACA and AcomA cerebral arteries were photographed
inferiorly, without altering the normal anatomical
position". Photographs were taken with a Sony RX100 VII
model (20 megapixel) camera.

Morphometric Evaluation of Anterior
Communicating Artery

The outer diameter of the AcomA was measured
from its midpoint. The measurement was performed
perpendicular to the course of the AcomA using the
“straight line” measurement tool in the Image J program.
Arteries with a diameter of less than 1 mm were called
hypoplastic in accordance with the literature’ and
included in our classification.



Morphological Evaluation of Anterior
Communicating Artery

The AcomA was classified into 3 groups according to
the number of branches, shape, and course. The AcomA
cases that did not fit this classification were considered
to be typical AcomA or Type 1 (Figure 1) and unilateral
ACA Al hypoplasia or Type 9.

Variations of Anterior Communicating Artery
According to the Number of Branches (Figure 2)

1. Proximal duplication of AcomA or Type 8 (Figure 2A
and Figure 2B): The variation is defined as a combination
of an additional AcomA, with a contralateral Al or
A2 segment of the anterior cerebral artery. Proximal
duplication of AcomA was defined as having the first
artery measured at a distance of 1-2.5 mm away from the
second artery.

2. Distal duplication of AcomA or Type 6 (Figure 2C
and Figure 2D): The variation is a combination of an
additional AcomA and a contralateral Al or A2 segment of
the anterior cerebral artery. Distal duplication of AcomA
is considered if the first artery is >2.5 mm away from the
second artery.

Variations of Anterior Communicating Artery
According to the Shape (Figure 3)

3. The X-shaped or Type 2 (Figure 3A and Figure 3B):
In this variation, the transverse AcomA, which joins the
anterior cerebral arteries of both sides, is either absent or
is so short that it forms an X-shape.

4. Double fenestration of AcomA or Type 11 (Figure
3C and Figure 3D): Double fenestration occurs when the
lumen splits into two and merges after a certain distance.
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5. Single fenestration of AcomA or Type 3 (Figure 3E
and Figure 3F): A single fenestration is present when a
lumen forms on AcomA.

6. Aplasia of AcomA or Type 7 (Figure 3G and
Figure 3H): It is defined as the absence of the anterior
communicating artery.

7. Hypoplasia of AcomA or Type 5 (Figure 3J) and Figure
3K): The variation occurs when the diameter is less than 1
mm.

Variations of Anterior Communicating Artery
According to the Course (Figure 4)

8. Median artery or Type 4 (Figure 4A and 4B): This
variation describes a branch arising from the median line
of the AcomA and extending between the hemispheres.

9. Oblique course of AcomA or Type 10 (Figure 4C
and Figure 4D): This variation defines a branch that runs
obliquely to connect the contralateral anterior cerebral
arteries of both sides.

Statistical Analysis

Descriptive statistics were used to determine the
general distribution of the morphometric measurements
obtained in the study. The average, standard deviation,
minimum, and maximum values were observed.

An analysis of variance (ANOVA) test was used to
determine whether there was a significant difference
between AcomA types. Kruskal-Wallis H-test was applied
when the data did not conform to normal distribution
and the assumption of homogeneity of variance was not
met. In cases where a significant difference was found as
a result of ANOVA or the Kruskal-Wallis test, post-hoc

Figure 1. Demonstration of typical anterior communicating artery (AcomA). Typical AcomA of cadaver (A) and illustration
(B) anterior cerebral artery (ACA)-A2: A2 segment of ACA, ACA-Al, Al segment of ACA.

AcomA: Anterior communicating artery, ICA: Internal carotid artery, OT: Olfactory tract, OC: Optic chiasm, MCA: Middle cerebral

artery, Cr: Cranial, Ca: Caudal; R: Right L: Left
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Figure 2. Various variations of the AcomA according to the number of branches. Proximal duplication of AcomA of cadaver
(A), and illustration (B). Distal duplication of AcomA of cadaver (C) and illustration (D). Anterior cerebral artery (ACA)-A2,

A2 segment of ACA; ACA-AI, Al segment of ACA.

AcomA: Anterior communicating artery, ICA: Internal carotid artery, OT: Olfactory tract, OC: Optic chiasm, MCA: Middle cerebral

artery, Cr: Cranial, Ca: Caudal, R: Right, L: Left

analyses were performed to determine which groups
were different. The Bonferroni correction method was
used in these analyses.

The Chi-square test was employed to determine
whether there was a statistically significant difference
between gender (female and male) and AcomA types.
Fisher's exact test was applied when the expected
frequency was not greater than 5 or the expected
frequency was less than 1. Finally, ANOVA was used to
examine whether there was a statistical difference among
body mass index (BMI) and various AcomA types. The
Kruskal-Wallis H-test was applied when the data were
not normally distributed, and the variances of the groups
were not homogeneous (checked by Levene's test).
When a significant difference was found from ANOVA
or the Kruskal-Wallis test post-hoc analyses (Bonferroni
correction) were used to determine which groups were
different. All statistical analyses were performed with
Jamovi (Version 2.6), computer software (https://www.
jamovi.org)™.
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RESULTS
Participant Demographics

The study included 182 cadavers, comprising 40
females (21.98%) and 142 males (78.02%).

Age: The mean age was 52.719.9 years for females
and 48.5%17.5 years for males (Table 1).

Anthropometric Data:

Mean height: 170.1929.59 cm

Mean weight: 77.37+19.18 kg

BMI Distribution:

Normal BMI: Mot prevalent (44.5%)
Low BMI: Least represented (4.39%)

The Classification of Acom A and the Correlations
Between Gender and Body Mass Index

In 96 of 182 cadavers, 9 different variations according
to the distribution of AcomA were observed. In total, 11,
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Table 1. Summary of gender, age, height, weight and BMI data of the case
BMI
Age Height (cm) | Weight (kg) | Low Normal Overweight | Obese
(meantSD) | (meantSD) | (meaniSD) | (<18.5) (18.5-24.9) | (25-29.9) (>30)
" n% | n% n (%) n (%)

Male 142 48.48+17.48 173.64+5.69 78.07+17.58 | 7 (4.93) 66 (46.48) 39 (27.47) 30(21.12)
Female 40 52.70%19.87 157.95%10.59 | 74.87+24.12 1(2.5) 15 (37.5) 5(12.5) 19 (47.5)
Total 182 49.40+18.05 | 170.1929.59 77.37%19.18 8 (4.39) 81 (44.5) 44 (24.18) 49 (26.93)
BMI: Body mass index, SD: Standard deviation

66 and 19 variations were described according to the
number of branches, the shape and the course of AcomA,
respectively. The most common variations were X-shaped,
36.36% (24/66), and single fenestration, 34.85% (23/66),
variations in the group classified according to shape,
among which 66 cases were identified. Hypoplastic
AcomA, aplastic AcomA, and double fenestration AcomA
were found in 13, 4, and 2 cases, respectively. In the
classification according to the course of AcomA in 19
cases, AcomA including median artery was seen in 16/19
cases, and oblique course of AcomA was seen in only
3/19 cases. Finally, the AcomA classified according to the
number of branches was detected in a total of 11 brains.
Among these, distal duplication of distal AcomA was the
most common with 7/11 cases, where the first AcomA
was 9.78+3.59 mm (minimum: 5.48, maximum: 16.03)
away from the second branch of AcomA, while proximal

duplication was detected in 4/11 cases, where the first
AcomA was 2.00+0.38 mm (1.43-2.24) away from the
second branch of AcomA. When these variations were
analyzed according to gender, X-shaped AcomAs were
the most common variations in 17 of 142 male cases, and
7 of 40 female cases. The least common variation was
double fenestration of the AcomA in both sexes (Table 2).

Morphological variations of the AComA were
investigated, and these variations were classified
according to the course of the AComA. In addition, these
morphological variations were typed from Type 1 to Type
11. ANOVA and Kruskal-Wallis H-tests were performed to
test whether there was a statistically significant difference
among 11 types of AcomA. The p-values of ANOVA
(p=0.018) and Kruskal-WallisH (p=0.022) resultsindicated
significant differences between the types. Therefore,

Table 2. Distribution of the courses of anterior communicating arteries according to genders.

P-values (ANOVA p=0.018,
Kruskal-Wallis tests

Femalen
o, o, -
AcomA Male n (%) (%) Total n (%) p=0.022)
Post-hoc analysis
Typical AcomA (Type 1) 67/142 (47.18) | 12/40 (30) | 79/182 (43.40) | Type 1vs. Type 2: p=0.045
Unilateral ACA Al hipoplasia (Type 9) 6/142 (4.22) 1/40 (2.5) 7/182 (3.84) Type 1vs. Type 3: p=0.012

Variations of anterior communicating artery according to the number of branches

Distal duplication of AcomA (Type 6) 6/142 (4.22)

1/40 (2.5) 7/182 (3.86) Type 1vs. Type 4: p=0.001

Proximal duplication of AcomA (Type 8) 3/142 (2.12)

1/40 (2.5) 4/182 (2.2) Type 2 vs. Type 3: p=0.067

Variations of anterior communicating artery according to the shape

The X-shaped (Type 2) 17/162(1.97) | 7/40 (17.5) | 24/182(13.18) | Type 3 vs. Type 4: p=0.034
Single fenestration of AcomA (Type 3) 17/142 (11.97) 6/40 (15) 23/182 (12.63) Type 5 vs. Type 6: p=0.089
Hypoplasia of AcomA (Type 5) 9/142 (6.33) 4/40 (10) 13/182 (7.14) Type 6 vs. Type 7: p=0.021
Aplasia of AcomA (Type 7) 2/142 (1.42) 2/40 (5) 4/182 (2.2) Type 7 vs. Type 8: p=0.045
Double fenestration of AcomA (Type 11) 1/142 (0.7) 1/40 (2.5) 2/182(1.2) Type 8 vs. Type 9: p=0.012
Variations of anterior communicating artery according to the course

Median artery (Type 4) 13/142 (9.15) 3/40(7.5) |16/182(8.79) Type 9 vs. Type 10: p=0.034
Oblique course of AcomA (Type 10) 2/142 (1.42) 1/40 (2.5) 3/182 (1.64) Type 10 vs. Type 11: p=0.067

ANOVA: Analysis of variance, AcomA: Anterior communicating artery, ACA: Anterior cerebral artery
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Figure 3. Various variations of the AcomA according to its shape. The X-shaped of cadaver (A) and illustration (B), Double
fenestration of AcomA of cadaver (C), and illustration (D), Single fenestration of AcomA of cadaver (E) and illustration (F),
Aplasia of AcomA of cadaver (G), and illustration (H), Hypoplasia of AcomA of cadaver (J), and illustration (K). ACA-A2, A2
segment of anterior cerebral artery. ACA-AI, Al segment of anterior cerebral artery.

AcomA: Anterior communicating artery, ICA: Internal carotid artery, OT: Olfactory tract, OC: Optic chiasm, MCA: Middle
cerebral artery, Cr: Cranial, Ca: Caudal, R: Right, L: Left
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Figure 4. Various variations of the AcomA according to its course. Median artery of cadaver (A), and illustration (B), Oblique
course of AcomA of cadaver (C) and illustration (D). ACA-A2, A2 segment of ACA, ACA-Al, Al segment of ACA.

AcomA: Anterior communicating artery, ICA: Internal carotid artery, OT: Olfactory tract, OC: Optic chiasm, MCA: Middle cerebral

artery, Cr: Cranial, Ca: Caudal, R: Right, L: Left

post-hoc analyses were performed to determine between
which groups the significant difference occurred. The
Bonferroni correction method was used in these analyses.
Accordingly, significant differences were found between
Types 1, 2,3, 4,6,7,8,9, and 10 AcomA types. However,
no significant difference was found in Type 2 vs. Type 3,
Type 5 vs. Type 6, and Type 10 vs. Type 11 comparisons.
(Table 2). After the evaluation of AcomA types between
the sides, the distribution of AcomA types according to
gender was also analysed. Accordingly, it was analysed
whether there was a statistically significant difference
between the different types of AcomA between genders.
For this purpose, the »? test was used (p=0.045). When
the assumptions of the Chi-square test were not fulfilled,
Fisher's exact test was applied (p=0.038). Although the
results of both tests were similar, there was a statistically
significant correlation between sex and AcomaA types. It
was determined that AcomA types such as Type 1, Type
3, and Type 4 were observed at different frequencies
between males and females (Table 3). For example, Type 1
was the most common type of AcomA in both males and
females. However, it was more common in males. Rarer
AcomaA types, such as Type 10 and Type 9, were found to
have similar frequencies in both genders (Table 3).

In our study, most of the sample consisted of
cadavers with normal BMI (81/182), (Table 4). Of the
sample group, 49 were obese, 44 were overweight, and
8 had a low BMI. In the normal BMI group, Type 1 was
observed in 54.32% of cases (44 out of 81). There were 8
cases of both Type 2 and Type 4 AcomA variationsamong
cadavers with normal BMI, constituting 9.88% (8/81) in
each group, respectively. However, the variations with
Type 8 and Type 9 were the least common, 1.23% (1/81).
In the obese BMI group, Type 1 was observed in 32.65%
of (16-49) cases. Similarly, the most common variations
were Type 2 14.28% (7/49) and Type 3 14.28% (7/49),
while the least common were Type 6 2.04% (1/49) and
Type 10 2.04% (1/49). No cadavers with Type Il (0/49)
were found. In cases of overweight BMI, Type 1 was
determined in 43.18% (19/44) cadavers. Additionally,
Type 3 was the most commonly seen, 6.82% (3/44),
AcomA variation in this group, and Type 8, 2.27% (1/44),
and Type 10, 2.27% (1/44), were the least common types
seen. Type 7 (0/44), Type 9 (0/44), and Type 11 (0/44)
were not encountered in this category of BMI. Finally,
the cases with low BMI were analyzed according to the
various types of AcomA. In four of eight cadavers, the
AcomA was observed as Type 2. Also, Type 5 (2/8) and
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Table 3. Distribution of the types of anterior communicating arteries according to subtypes of BMI.

Types of AcomA BMI - Total
Low (<18.5) Normal (18.5-24.9) Overweight (25-29.9) Obese (>30)
Typel 0] 44 19 16 79
Type 2 4 8 5 7 24
Type 3 0 6 10 7 23
Type 4 0 8 3 5 16
Type 5 2 3 2 6 13
Type 6 0 3 3 1 7
Type 7 2 3 (0] 2 7
Type 8 0 1 1 2 4
Type 9 0] 2 (0] 2 4
Type 10 0 1 1 1 3
Type 11 0] 2 0 0 2
Total 8 81 Lb 49 182

BMI: Body mass index

Table 4. Statistical analysis between gender and AcomA type.

Gender Type Age (mean+SD) BMI (mean+SD) ?{::;::25(?::::‘;3 red test/
Type 1(n=12) 45.3+12.5 23.842.9
Type 2 (n=8) 50.1+15.2 24.5+3.1
Type 3 (n=6) 48.7+14.8 25.2+3.4
Type 4 (n=5) 52.3+16.1 26.1+3.8
Type 5 (n=4) 47.5+13.9 22.9+2.7
Female Type 6 (n=3) 49.0+14.5 21.6+2.8
Type 7 (n=2) 55.0+17.3 27.5+4.]
Type 8 (n=1) 58.0 26.8
Type 9 (n=2) 60.5+18.2 28.1+43
Type 10 (n=1) 62.0 29.0
Type 11 (n=1) 50.0 245 Chi-squared test: p=0.045*
Type 1(n=33) 442+11.8 24.8+3.0 Fisher's exact test: p=0.038**
Type 2 (n=12) 46.5+13.4 23.7+2.8
Type 3 (n=12) 47 8+14.1 25.0+3.3
Type 4 (n=10) 49.5+15.0 26.5+3.9
Type5 (n=6) 45.0+12.7 22.7+2.6
Male Type 6 (n=5) 47.0+13.8 21.3+2.7
Type 7 (n=5) 53.0+16.5 26.9+37
Type 8 (n=4) 56.0+17.0 27.0+3.8
Type 9 (n=4) 58.0+18.0 28.5+4.2
Type 10 (n=3) 60.0+18.5 29.2+4.0
Type 11 (n=2) 48.0+12.0 24.6+2.9

*Chi-square test: A statistically significant difference was found between genders and artery types (p<0.05). **Fisher's exact test: This test was used

because the assumptions of the chi-square test were not met. The results are similar.

BMI: Body mass index, SD: Standard deviation
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Table 5. Statistical analysis between BMI findings and AcomA types.

Type BMI (mean+SD) P-value (ANOVA/Kruskal-Wallis) Post-hoc analysis

Type 6 21.45+2.89 Type 1vs. Type 2: p=0.045
Type 5 22.78+2.56 Type 1vs. Type 3: p=0.012
Type 2 23.89+2.98 Type 2 vs. Type 3: p=0.067
Type 11 24.56+2.78 Type 1vs. Type 4: p=0.001
Type 1 24.56+3.12 Type 3 vs. Type 4: p=0.034
Type 3 25.12+3.45 0.023 Type 5 vs. Type 6: p=0.089
Type 4 26.34+4.01 Type 6 vs. Type 7: p=0.021
Type 8 26.89+3.45 Type 7 vs. Type 8: p=0.045
Type 7 27.12+3.78 Type 8 vs. Type 9: p=0.012
Type 9 28.34+4.12 Type 9 vs. Type 10: p=0.034
Type 10 29.12+3.89 Type 10 vs. Type 11: p=0.067
BMI: Body mass index, SD: Standard deviation, ANOVA: Analysis of variance

Type 7 (2/8), cases were associated with low BMI. Cases
of other AcomA types were not observed (Table 4).

BMI values of cadavers with various AcomA types (Type
1, Type 2, Type 3, ..., Type 11) were compared using ANOVA
and Kruskal-Wallis tests. The p-value (0.023) obtained as
a result of ANOVA/Kruskal-Wallis tests showed that there
was a statistically significant difference among AcomA
types corresponding to different BMI categories (p<0.05).
This mean that cadavers with different AcomA types might
have different BMI values. Post-hoc analyses were used to
determine which group was significantly different, and it
was found that there were significant differences among
Type 1and Type 2, Type 3 vs. Type 4, Type 3 and Type 4, Type
7 and Type 6, Type 7 and Type 8, Type 9 and Type 8, Type
9 and Type 10 AcomA types in terms of BMI values. BMI
averages of cadavers with Type 9 and Type 10 AcomA types
were higher than those of the other groups. BMI averages
of cadavers with Type 5 and Type 6, AcomA types were
found to be lower than the other groups (Table 5).

DISCUSSION

In our study, the variations of AcomA were observed
in 96/182 fresh cadavers. The remaining 86 cases were
included in the category of typical AcomA. these
variations (96/182) have been classified in various ways,
including the number, course, or shape of AcomA’. Each
of these had a subtype, and the most common AcomA
variation among all the main classifications were those
classified according to shape. In the literature, AcomA
has been reported to vary between 6.27% and 59.38%"“.
This rate was found to be 52.75% in our study on fresh
cadavers. To date, studies related to the variations of
AcomA have been performed on fresh cadavers, fixed
cadavers, magnetic resonance imaging angiography and
computed tomography angiography (CTA)“8,

In the 182 recently deceased cadavers analyzed in the
study, 96 variations related to the AcomA were detected.
The most common variation was the X-shaped AcomA
(24/96), and the AcomA with single fenestration (23/96),
while the rarest variation was AcomA with double
fenestration (2/96). The prevalence of fenestration
variations reported in the literature is between 0.9%
and 2%?%71. Fenestration-related variations, which were
relatively high in our study, play an essential role in
aneurysms. The fact this ratio was higher in our study
than in the literature may be due to the characteristics of
sample used in the study or the effects of post-mortem
processes that may cause fenestration structures to
become more prominent. In general, fenestrations in
arteries are associated with a significant increase in
the risk of rupture. They are also linked to aneurysm
formation due to developmental problems such as
weakness in the tunica layers of the arterial wall?°?,
When the demographic data of the cadaver samples
were analysed, the effect of factors such as gender on the
variation types was observed. Kardile et al.” reported that
AcomA showed variation in 18/48 (37.5%) females and
20/52 (38.46%) males. In our study, variations of AcomA
were found in 26/40 females and 70/142 males. This high
rate in female cases is thought to be due to factors such
as lower reporting or diagnosis rates compared to male
cases’.

The anterior cerebral arteries and the anterior
communicating artery are critical components
of the Willis polygon and play an important role
in maintaining the continuity of cerebral blood
circulation. Morphological variations of AcomA may
be especially effective in the pathophysiology of
cerebrovascular diseases. In our study, structural
variations such as hypoplasia, aplasia, and fenestration
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were determined. It has been reported in the
literature that such variations may affect the incidence
of cerebrovascular events and may cause technical
difficulties in surgical interventions'>?2. Particularly
hypoplastic and aplastic variations may increase the
risk of complications during surgical interventions by
decreasing the adequacy of collateral circulation®.
Therefore, detection of these variations in preoperative
angiographic evaluations is of great importance for
the success of surgical planning.

Advanced imaging modalities, such as 3D
reconstruction or maximum intensity projection images,
may be useful for the identification of AcomA. Among the
possible variants of AcomA, absence, double, fenestrated,
and triple AcomA have been reported in the literature.
Other rare cases include AcomA X, Y, V, H, or N”. There is
some controversy in the literature about the frequency
of anatomical variants of AcomA. Some authors describe
the absence of the AcomA as the most common atypical
vascular variant with a prevalence of approximately 14%%*
and 19%", while other authors claim that definite absence
of the anterior communicating artery is found in 5% of
surgical dissections?. This disagreement may arise from
the fact that among the limitations of some studies was
the inability of CTA source images to visualize very small
arteries, possibly leading to the misdiagnosis of some
hypoplastic arteries as aplastic arteries®™. For this reason,
the findings of studies that are illustrated by the use of
dissection become more important.

Study Limitations

Limitations of this study include that the sample
group was taken from only from one region and that only
fresh cadavers were examined. In future research, similar
studies on larger and more diverse populations will
increase the generalisability of the findings. Furthermore,
increasing the sample size would enable a more robust
and statistically significant evaluation of correlation
results stratified by BMI or sex. Given the considerable
variability in AcomA types and despite the relatively
large sample size used in this study, the interpretation
of correlation findings between these types remains
limited. Distribution of results by subtypes may not
yield ethically applicable and generalizable results due
to the inherent heterogeneity observed.In addition,
prospective studies evaluating the clinical outcomes of
these variations will provide more data for surgical and
radiological applications.
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CONCLUSION

This study has examined and classified the
morphological variations of the AcomA on fresh cadavers
in a sample from Turkiye. The findings provide important
clinical information, especially for cerebrovascular
surgery and radiological interventions. Variations such
as hypoplasia, aplasia and fenestration identified in the
study may affect the haemodynamics of cerebral vessels,
alter the adequacy of collateral circulation and predispose
to aneurysm formation. Therefore, the detection of these
variations in preoperative imaging processes may help
to plan surgical and endovascular interventions more
safely and effectively. It should be kept in mind that
hypoplastic and aplastic variations, especially, may lead
to adverse complications due to insufficient blood flow
during surgery.

This study contributes to the literature by being
performed on fresh cadavers. The data obtained by
dissection reveal the anatomical details of the vascular
structures more accurately compared to previous studies
performed with imaging methods. Moreover, the higher
rate of fenestration-related variations in this study
compared to the rates reported in the literature, suggests
that more research should be conducted on the clinical
effects of these variations. These anatomical differences
should be taken into consideration in the diagnosis and
treatment of cerebrovascular diseases.
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The Role of Combined C-reactive Protein and Albumin
Indices in Predicting Prolonged Hospital Stay in Acute
Pancreatitis: A Prospective Observational Study

Akut Pankreatitte Uzamis Hastane Yatisini Ongérmede Kombine
C-reaktif Protein ve Albimin Indekslerinin Roli: Prospektif Gozlemsel
Bir Calisma
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ABSTRACT

Objective: To evaluate the predictive ability of indices based on the
combination of C-reactive protein (CRP) and albumin, namely the CRP/
albumin ratio (CAR), Glasgow prognostic score (GPS), and modified GPS
(mGPS), for prolonged hospital stay in patients with acute pancreatitis.

Methods: This prospective observational study was conducted on patients
monitored in the emergency department of a tertiary university hospital.
The patients’ demographic data, vital signs, laboratory parameters,
comorbidities, and length of hospital stay were prospectively recorded.
Based on their length of hospital stay, the patients were divided into two
groups: prolonged stay (>7 days) and non-prolonged stay. The indices were
compared between these groups.

Results: There were statistically significant differences in CAR, GPS, and
mGPS between the prolonged and non-prolonged hospital stay groups
(p<0.001 for all; chi-square test). The area under the curve values of CAR,
GPS, and mGPS were calculated as 0.677 [95% confidence interval (Cl):
0.601-0.753, p<0.001], 0.637 (95% Cl: 0.570-0.704, p<0.001), and 0.671
(95% Cl: 0.602-0.740, p<0.001), respectively. According to multivariate
analysis, CAR [odds ratio (OR)=1.017, 95% CI (1.003-1.03), p=0.015], GPS
[OR=2.894, 95% CI (1.632-5.13), p<0.001], and mGPS [OR=3.757, 95%
Cl (2.108-6.70), p<0.001] were found to be independent predictors of
prolonged hospital stay.

Conclusions: CAR, GPS, and mGPS are independent predictors of
prolonged hospital stay in patients with acute pancreatitis. The findings
also suggest that incorporating CRP levels into prognostic calculations
may yield more accurate results compared to scores based solely on
albumin levels.

Keywords: Emergency departments, acute pancreatitis, C-reactive
protein, albumin, hospital stay

oz

Amag: Bu calismanin amaci, C-reaktif protein (CRP) ve albiminin
kombinasyonuna dayali indekslerin-CRP/albiimin orani (CAR),
Clasgow prognostik skoru (GPS) ve modifiye GPS (mGPS)-akut
pankreatitli hastalarda uzamis hastane yatis sliresini 6ngérmedeki
etkinligini degerlendirmektir.

Yontemler: Bu prospektif gézlemsel calisma, Uctincii basamak bir
Universite hastanesinin acil servisinde takip edilen hastalar lizerinde
gerceklestirildi. Hastalarin  demografik verileri, vital bulgulari,
laboratuvar parametreleri, eslik eden hastaliklari ve hastanede kalis
sureleri prospektif olarak kaydedildi. Yatis stirelerine gére hastalar iki
gruba ayrildi: uzamis yatis (>7 glin) ve kisa yatis. Belirtilen indeksler bu
gruplar arasinda karsilastirild.

Bulgular: CAR, GPS ve mGPS degerleri, uzamis ve kisa yatis gruplari
arasinda istatistiksel olarak anlamli farklilik gésterdi (tiim testler icin
p<0,00T; ki-kare testi). CAR, GPS ve mGPS icin egri altindaki alan (AUC)
sirastyla 0,677 [%95 giiven araligi (GA): 0,601-0,753], 0,637 (%95 GA:
0,570-0,704) ve 0,671 (%95 GA: 0,602-0,740) olarak bulundu. Cok
degiskenli analizde CAR [olasilik orani (OA)=1.017, %95 GA: 1.003-
1,03, p=0,015), GPS (OA=2,894, %95 GA: 1,632-5,13, p<0,001) ve mGPS
(OA=3,757, %95 GA: 2,108-6,70, p<0,001) bagimsiz dngéruiciiler olarak
saptandi.

Sonuglar: CAR, GPS ve mGPS, akut pankreatitli hastalarda uzamis
hastane yatisini 6ngéren bagimsiz belirteglerdir. Bulgular ayrica,
yalnizca alblimin diizeylerine dayali skorlara kiyasla CRP diizeylerinin
dahiledilmesinin prognostik dogrulugu artirabilecegini gostermektedir.
Anahtar kelimeler: Acil servis, akut pankreatit, C-reaktif protein,
albimin, hastane kalis
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INTRODUCTION

Acute pancreatitis (AP) is among the most common
gastrointestinal emergencies requiring hospitalization
worldwide and represents a significant public health
concern due to its high morbidity and mortality rates.
While mild forms often resolve spontaneously, severe
cases can lead to serious complications such as multiple
organ failure and necrotizing pancreatitis, necessitating
intensive care'?. The severity of AP can prolong hospital
stays, increase treatment costs, and cause productivity
loss, particularly among individuals of working age.
These outcomes have serious implications not only for
individual health but also for healthcare systems and
economic burden3>,

One of the main challenges in managing AP is
predicting which patients will develop severe disease
during its early stages. Mortality rates can reach up to
20% in severe AP cases and may exceed 50% in those
with sepsis and multiple organ failure**%’. Therefore,
early identification of high-risk patients through
reliable prognostic biomarkers is of critical importance
for establishing appropriate treatment strategies and
optimizing patient management®®. Various biomarkers
have been investigated to predict the course and
prognosis of the disease, with the most frequently
studied parameters being C-reactive protein (CRP) and
albumin™,

CRP is an acute-phase reactant synthesized by
hepatocytes that plays a crucial role in systemic
inflammatory responses'*'®, In patients with AP, CRP
levels have been shown to correlate with disease severity,
and elevated CRP levels have been particularly associated
with complications such as necrotizing pancreatitis,
infection, and organ failure. CRP is considered a reliable
biomarker for assessing disease severity, especially after
the first 48 hours. However, it has also been demonstrated
that CRP levels alone may have limited prognostic
power and may not be sufficient for precise early-stage
prediction”. Albumin, on the other hand, is a plasma
protein reflecting inflammation and nutritional status,
and its reduced levels have been associated with poor
prognosis in critical illnesses and inflammatory states'®-2',
In patients with AP, hypoalbuminemia has been linked to
enhanced inflammatory response, fluid imbalance, and
poor clinical outcomes. Low albumin levels have been
shown to increase the risk of mortality and complications,
particularly in severe AP cases?°?!,

In recent years, growing attention has been given to
the prognostic value of combining different biomarkers,

Algin et al. CRP-albumin Indices in Acute Pancreatitis

leading to the development of new indices by evaluating
CRP and albumin together"'”. The CRP/albumin ratio
(CAR), Glasgow prognostic score (GPS), and modified
GPS (mGPS) have been reported as important
prognostic indicators in various inflammatory and critical
illnesses??*, However, there is still a lack of literature
regarding the clinical relevance of these indices in AP.

This study aimed to evaluate the predictive ability of
indices based on the combination of CRP and albumin,
namely CAR, GPS, and mGPS, for prolonged hospital stay
in patients with AP.

MATERIALS and METHODS
Study Population

This prospective observational study was conducted
between February 1, 2023, and July 1, 2023, on patients
monitored in the Emergency Department of Health
Sciences University Turkiye Umraniye Training and
Research Hospital Scientific Research Ethics Committee
(approval number: B.10.1.TKH.4.34.H.GP.0.01/135, date:
10.04.2025). Patients diagnosed with AP who were
hospitalized and aged over 18 years were included in the
study. The diagnosis of AP was based on at least two of
the following three criteria: (1) characteristic abdominal
pain; (2) serum amylase and/or lipase level greater than
three times the upper limit of normal; and (3) imaging
findings consistent with AP on ultrasound or contrast-
enhanced computed tomography. Patients with missing
data (albumin or CRP) were excluded. Patients with
chronic pancreatitis, active malignancy, or concomitant
severe sepsis were also excluded.

The patients’ demographic data (age and sex), vital
signs (systolic and diastolic blood pressure, heart rate,
and oxygen saturation), laboratory parameters (complete
blood count, CRP, albumin, liver and renal function tests,
electrolyte levels, and blood gas values), comorbidities,
intensive care requirements, and length of hospital stay
were prospectively recorded. To assess the inflammatory
response, CAR, GPS, and mGPS were calculated (Table
1). The patients were divided into two groups based on
length of hospital stay: prolonged stay (>7 days) and non-
prolonged stay (<7 days).

In line with previous literature indicating this threshold
as clinically meaningful in predicting complication risk
and healthcare utilization in AP, 27 days was defined as
prolonged>®
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Statistical Analysis

Statistical analyses were performed using Jamovi
software (v. 23.21). The normality of distribution
for continuous variables was evaluated using the
Shapiro-Wilk test. Non-normally distributed data
were presented as median and interquartile range
(IQR), and comparisons between groups were made
using the Mann-Whitney U test. Categorical variables
were expressed as frequencies and percentages,
and the chi-square test was used for comparisons.
Todeterminethe predictive ability of prognostic scores for
prolonged hospital stay, receiver operating characteristic
analyses were conducted, and the area under the curve
(AUC) values were calculated. Differences between
AUC values were evaluated using the Delong test.
Logistic regression analysis was performed to identify
independent predictors of prolonged hospital stay.
Separate models were created for CAR, GPS, mGPS, and
CRP to avoid the effect of collinearity. Model fit measures,
including deviance, Akaike Information Criterion, and
Nagelkerke's R? were also reported. A p-value of <0.05
was considered statistically significant.

RESULTS

A total of 152 patients were included in the study. The
median age was 58 years, with an IQR of 39 to 74 years. In
terms of sex distribution, 61 patients (40%) were female,
and 91 patients (60%) were male.

Descriptive data pertaining to the study are presented
in Table 2. Based on the duration of hospitalization, the
patients were divided into two groups. Of the total 152
patients included in the study, 111 (73%) were classified
under the prolonged hospital stay group, while 41 (27%)
were categorized under the non-prolonged hospital stay
group. The overall median length of hospital stay was 14
days (IQR: 7-23 days) in the whole sample, 19 days (IQR:
13-25 days) in the prolonged stay group, and 4 days (IQR:
3-7 days) in the non-prolonged stay group.

The median diastolic blood pressure was 82 mmHg
(IQR: 66-93 mmHg) for all patients in the sample, 78
mmHg (IQR: 64-89 mmHg) in the prolonged stay group,
and 85 mmHg (IQR: 74-95 mmHg) in the non-prolonged
stay group. This difference between the two groups
was statistically significant (p=0.029). The median CRP
level was identified as 42 mg/L (IQR: 13-124 mg/L) for all
patients. The median CRP level was 61 mg/L (IQR: 22-134
mg/L) in the prolonged stay group and 17 mg/L (IQR: 5-48
mg/L) in the non-prolonged stay group, also indicating
a statistically significant difference (p<0.001). CAR,
GPS, and mGPS demonstrated statistically significant
differences between the two groups (p<0.001 for all; chi-
square test). This table presents the comparisons of other
parameters between the groups.

The AUC of mGPS in terms of discriminatory
performance was measured as 0.671 (95% Cl: 0.602-
0.740, p<0.001). GPS demonstrated an AUC value of
0.637 (95% Cl: 0.570-0.704, p<0.001). CAR exhibited the
highest performance among the tested models, with an
AUC of 0.677 (95% Cl: 0.601-0.753, p<0.001) (Figure 1).
Other diagnostic accuracy metrics are shown in Table
3, with the significance of the differences between AUC
values given in Table 4.

The multivariate analysis, evaluating whether each
parameter, is an independent predictor for prolonged
hospital stay, is presented in Table 5.

DISCUSSION

In this prospective study, we evaluated the prognostic
value of inflammation-based biomarkers-specifically the
CAR, GPS, and mGPS-in predicting prolonged hospital
stay among patients diagnosed with AP. Our findings
demonstrated that all three parameters were significantly
associated with extended hospitalization, with CAR
emerging as the most diagnostically accurate tool.

Table 1. Calculation methods for the scoring systems used in the study.

Score Calculation method

CRP/albumin ratio

Calculated by dividing the C-reactive protein (mg/L) value by the albumin (g/dL) value.

Glasgow prognostic
score

Calculated based on CRP and albumin levels.

CRP <10 mg/L and albumin 2 3.5 g/dL — O points

CRP > 10 mg/L or albumin < 3.5 g/dL — 1 points

CRP > 10 mg/L and albumin < 3.5 g/dL — 2 points

Modified Glasgow
prognostic score

nutritional status.

In the mGPS system, a CRP level >10 mg/L receives
1 point even when serum albumin is >3.5 g/dL.
This reflects the prognostic value of systemic
inflammation, independent of the patient’s

CRP <10 mg/L — O points

CRP > 10 mg/L and albumin > 3.5 g/dL — 1 points

CRP > 10 mg/L and albumin < 3.5 g/dL — 2 points
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Table 2. Baseline demographic, clinical, laboratory, and prognostic score characteristics of the study groups.

Total sample

Non-prolonged

Prolonged hospital

Characteristic hospital stay group | stay group p-value
n =152 n = 41(27%) n =11 (73%)
Demographic characteristics
Age 58 (39-74) 62 (44-74) 58 (36-74) 0.52
Sex 0.36
Female 61 (40%) 14 (34%) 47 (42%)
Male 91 (60%) 27 (66%) 64 (58%)
Comorbidities
Diabetes mellitus 22 (14%) 4(9.8%) 18 (16%) 0.32
Hypertension 64 (42%) 20 (49%) 44 (40%) 0.31
Coronary artery disease 0.18
Congestive heart failure 5(3.3%) 3(7.3%) 2 (1.8%) 0.12
Chronic kidney disease 5(3.3%) 0 (0%) 5 (4.5%) 0.32
Initial vital parameters
Systolic blood pressure (mmHg) 131 (122-149) 132 (125-159) 131 (121-147) 0.13
Diastolic blood pressure (mmHg) 82 (66-93) 85 (74-95) 78 (64-89) 0.029
Heart rate (beats per minute) 84 (74-96) 87 (78-96) 82 (74-92) 0.26
Oxygen saturation (%) 97 (95-98) 97 (96-99) 97 (94-98) 0.57
Laboratory parameters
White blood cell count (cells/pL) 13.7 (9.0-15.8) 11.4 (9.0-16.5) 13.7 (9.0-15.8) 0.88
Neutrophil count (cells/pL) 11.2 (6.4-13.8) 9.0 (6.3-14.1) 11.2 (6.4-12.8) 0.89
Lymphocyte count (cells/pL) 1.52 (1.15-2.04) 1.39(1.09-1.57) 1.53 (1.15-2.14) 0.14
Platelet count (cells/pL) 270 (222-350) 257 (239-350) 270 (221-350) 0.83
Eosinophil count (cells/pL) 0.10 (0.03-0.17) 0.10 (0.01-0.24) 0.10 (0.04-0.17) 0.95
Monocyte count (cells/pL) 0.68 (0.48-0.86) 0.67 (0.49-0.87) 0.68 (0.48-0.86) 0.89
Hemoglobin (g/dL) 14.00 (11.90-15.20) 13.20 (11.90-15.20) 14.10 (11.90-15.20) 0.62
Red cell distribution width (%) 13.85 (12.90-14.90) 13.90 (13.50-14.50) 13.80 (12.90-14.95) 0.48
Aspartate aminotransferase (U/L) 93 (29-156) 72 (26-116) 106 (29-192) 0.16
Alanine aminotransferase (U/L) 71(32-184) 48 (32-139) 74 (32-196) 0.17
Albumin (g/dL) 4.05 (3.74-4.41) 4.00 (3.90-4.39) 4,05 (3.64-4.41) 0.59
Total bilirubin (mg/dL) 1.22 (0.54-2.01) 1.27 (0.54-2.10) 1.20 (0.54-1.90) 0.99
Direct bilirubin (mg/dL) 0.44(0.20-1.00) 0.56 (0.30-1.00) 0.43(0.20-1.00) 0.24
Amylase (U/L) 408 (222-1,054) 338 (212-610) 451 (244-1111) 0.20
Lipase (U/L) 1,138 (518-1,811) 1,057 (406-1,265) 1,219 (750-2,074) 0.051
Lactate dehydrogenase (U/L) 306 (228-376) 284 (228-315) 313 (240-379) 0.1
Blood urea nitrogen (mg/dL) 32 (26-40) 32 (29-38) 32 (25-41) 0.91
Creatinine (mg/dL) 0.90 (0.76-1.10) 0.89(0.79-1.02) 0.90 (0.75-1.10) 0.89
Sodium (mEqg/L) 135.6 (133.1-139.0) 135.3 (133.0-139.2) 136.0 (133.3-139.0) 0.82
Potassium (mEqg/L) 421 (4.01-4.60) 4.15 (3.92-4.45) 427 (4.03-4.62) 0.065
Calcium (mg/dL) 8.75(8.50-9.14) 8.70 (8.50-9.10) 8.80 (8.50-9.14) 0.67
Glucose (mg/dL) 118 (95-157) 19 (95-173) 115 (99-150) 0.89
C-reactive protein (mg/L) 42 (13-124) 17 (5-48) 61(22-134) <0.001
pH 7.40 (7.36-7.43) 7.41 (7.39-7.43) 7.39 (7.34-7.42) 0.14
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Table 2. Continued

- Total sample Non-!.)rolonged Prolonged hospital
Characteristic hospital stay group | stay group p-value
n =152 n = 41(27%) n =11 (73%)
Partial pressure of carbon dioxide (mmHg) | 40 (36-44) 40 (36-44) 40 (37-44) 0.33
Bicarbonate (mEq/L) 23.05 (21.80-25.30) 23.50 (22.10-24.50) 22.80 (21.60-25.40) 0.54
Base excess (mEqg/L) -0.3(-3.0-1.1) -0.2(-1.7-1.1) -1.2 (-3.0-1.1) 0.42
Lactate (mmol/L) 1.69 (1.35-2.35) 1.84(1.38-2.39) 1.68 (1.31-2.33) 0.61
C-reactive protein/albumin ratio 11(3-29) 4 (1-11) 13 (5-33) <0.001
Modified Glasgow prognostic score <0.001
0 32 (21%) 20 (49%) 12 (11%)
1 91 (60%) 17 (41%) 74 (67%)
2 29 (19%) 4(9.8%) 25 (23%)
Glasgow prognostic score <0.001
0 28 (18%) 16 (39%) 12 (M%)
1 95 (62%) 21 (51%) 74 (67%)
2 29 (19%) 4(9.8%) 25 (23%)
Outcome measures
Intensive care unit admission 17 (11%) 5(12%) 12 (11%) 0.78
Length of hospital stay 14 (7-23) 4 (3-7) 19 (13-25) <0.001
100 guiding appropriate clinical management and resource
allocation™. In this regard, systemic inflammation plays
a pivotal role in disease progression and complications.
Scoring systems such as GPS and mGPS, which integrate
75 1 inflammatory markers, have previously been applied in
oncology and infectious diseases?*?>, Our results support
= var their broader applicability in inflammatory diseases such
é 5 | ggl; as AP.
@« mGPS Among the evaluated scores, CAR demonstrated
the strongest association with prolonged length of stay
25 | and remained an independent predictor in multivariate
logistic regression analysis [odds ratio (OR): 1.017,
p=0.015]. This underscores the additive prognostic value
. of combining CRP, a marker of acute phase response,
. . . . . with albumin, a marker of nutritional and inflammatory
-100 -75 -50 -25 0

1 - Specificity

Figure 1. Receiver operating characteristic (ROC) curves
of the C-reactive protein/albumin ratio, Glasgow
Prognostic Score, and Glasgow prognostic score for
predicting prolonged hospital stay.

ROC Curve: Combined

AP is a condition with a highly variable clinical
trajectory. While most cases are self-limiting, a subset
of patients progresses to severe disease requiring
prolonged hospitalization and intensive support.
Early risk stratification remains a cornerstone for
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status™’. Importantly, CAR offers a simple, cost-effective,
and rapidly accessible tool for early risk evaluation,
especially valuable features in settings with limited
resources or delayed access to imaging.

When comparing GPS and mGPS, our study found that
mGPS had significantly superior diagnostic performance,
as supported by the DelLong test (p<0.001). This finding
suggests that including CRP levels in risk stratification
provides enhanced prognostic accuracy compared to
albumin-only models. These observations are in line with
prior research. For example, Wang et al.2¢ demonstrated
that GPS predicted 28-day mortality in severe AP
patients, in the ICU, and Bardakgi et al.¥” reported that
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Table 3. Diagnostic test performance of the parameters for prolonged hospital stay.
C-reactive protein/ C-reactive protein/ Glasgow Modified Glasgow
albumin ratio albumin ratio prognostic score prognostic score
Area under the curve 0.677 0.677 0.637 0.671
Cut-off 227 >11.8* >]* >]*
Sensitivity 88.2% 55.0% 99.4% 88.8%
Specificity 37.3% 74.6% 1.5% 41.8%
Accuracy 73.7% 60.6% 71.6% 75.4%
Prevalence 71.6% 71.6% 71.6% 71.6%
Positive predictive value 78.0% 84.5% 71.8% 79.4%
Negative predictive value 55.6% 39.7% 50.0% 59.6%
Post-test disease probability | 78.0% 84.5% 71.8% 79.4%
Post-test health probability 55.6% 39.7% 50.0% 59.6%
Positive likelihood ratio 1.41 2.17 1.01 1.52
Negative likelihood ratio 0.317 0.603 0.396 0.269
*Optimal cut-off value based on Youden's index
Table 4. Delong test for differences between the AUC values of the scoring systems.
A}JC Fonfidence Confidence interval Correlation | p-value
difference interval (lower) | (upper)
zlz‘:g?sg";‘f;"s’:igrs‘ﬁ';:S“C scorevs. 1 0.127 0.070 0.185 0.561 <0.001
Coeactis protein o aibuminrate | 0006 | -0.062 0.051 0707 0843
Elf)iifr:’;aplagr:ic’:tr:t:°re vs. Coreactive | g 133 -0.205 -0.061 0.406 <0.001
AUC: Area under the curve

mGPS outperformed traditional scores such as Ranson
and APACHE Il in identifying severe cases?. Our study
extends these findings by focusing on length of hospital
stay as a functional outcome, which is closely tied to
disease severity and resource burden.

CAR has also been studied in AP mortality prediction.
Kaplan et al?® found that CAR values >16.28 were
associated with a 19-fold increase in mortality risk, while
Zhao et al.?? reported its association with organ failure
and necrosis. In alignment with those studies, our results
suggest that CAR is also a reliable predictor of disease
severity as reflected by hospitalization length.

From a clinical perspective, inflammation-based
biomarkers like CAR, GPS, and mGPS provide practical,
low-cost alternatives to complex scoring systems such
as APACHE Il or Ranson. They allow early triage and
may facilitate timely decision-making, especially in
high-volume emergency departments or low-resource
healthcare environments.

Study Limitations

Thisstudy hasseverallimitations.First,itwasconducted
at a single center, which may restrict the generalizability
of the findings. Second, long-term outcomes such as
readmission, recurrence, or late complications were
not assessed. Third, although laboratory markers were
evaluated, integration with radiological and detailed
clinical scoring systems (e.g., CTSI) was not performed.
Future multicenter studies incorporating longitudinal
outcomes and multimodal prognostic approaches are
needed to validate and expand upon these results.

CONCLUSION

In conclusion, this study demonstrated that CAR, GPS,
and mGPS are independent predictors of prolonged
hospital stay in patients with AP. Among them, CAR
showed the highest diagnostic performance. The
inclusion of CRP in inflammation-based prognostic scores
appears to enhance predictive accuracy, supporting the
use of mGPS over GPS in this clinical context. Given
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Table 5. Multivariate analysis evaluating whether each parameter is an independent predictor of prolonged hospital
stay.
Model fit measures Multivariate analysis . :
Predictor Estimate | SE y4 p-value Od.ds 95% Cl | 95% Cl
ratio | (lower) | (upper)
Deviance 264 Intercept 15.895 0.83272 | 1.91 0.056 4901 | 0.958 25.07
Akaike Diastolic blood
Model 1 information 270 -0.0132 | 0.00973 | -1.35 | 0.176 0.987 | 0.968 1.01
I pressure (mmHg)
criterion
Nagelkerke's R? | 0.0799 | Creactiveprotein/ | oo | 600698 | 244 |0.015 1017 1003 |1.03
albumin ratio
Deviance 257 Intercept 12.037 0.86482 | 139 |0.164 3.333 0.612 18.15
Akaike . .
information | 263 Diastolic blood -0.0162 | 0.00983 |-1.64 0100 | 0984 0965 |1.00
Model 2 - pressure (mmHg)
criterion
Nagelkerke's R? | 0.118 scc'zfz°w'°'°g"°5t'° 10.627 | 029242 |3.63 | <0.001 |2.894 |1.632 |5.13
Deviance 249 Intercept 0.9906 0.8699 | 114 |0.255 2.693 | 0.489 14.81
Akaike . .
information | 255 Diastolic blood -0.0157 |0.0100 |-156 |0.18 |0.984 [0.965 |1.00
Model 3 - pressure (mmHg)
criterion
Nagelkerke's R | 0.166 | Hodified Glasgow |, 07 02948 | 449 |<0.001 |3757 |2108 | 670
prognostic score
Deviance 263 Intercept 156.449 0.82812 |1.89 | 0.059 4780 | 0.943 24.23
Akaike Diastolic blood
Model 4 information 269 -0.01335 | 0.00966 | -1.38 | 0.167 0.987 |0.968 1.01
- pressure (mmHg)
criterion
Nagelkerke's R? | 0.0849 | C-reactive protein 0.00506 |0.00195 |2.59 |0.010 1.005 |1.001 1.01
SE: Standard error, Cl: Confidence interval

their simplicity and accessibility, these biomarkers may
aid in early risk stratification and decision-making.
Nevertheless, further validation through multicenter,
prospective studies is warranted before these scores can
be routinely adopted into clinical algorithms.
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ABSTRACT

Objective: Schizophrenia is a multifaceted psychiatric disorder that
affects about 1% of the world’s population and arises from a combination
of genetic, environmental, and neurodevelopmental influences.
Recent studies highlight the role of immune system disturbances and
neuroinflammation in its development, with tumor necrosis factor-alpha
(TNF-a) identified as a pivotal cytokine. This meta-analysis aims to clarify
the relationship between the TNF-a rs1800629 genetic variant and the
risk of schizophrenia by synthesizing data from published research.

Methods: Two independent reviewers systematically searched PubMed,
Web of Science, Embase, Cochrane Library, and Chinese National
Knowledge Infrastructure for studies published up to January 19, 2024.
Odds ratios and 95% confidence intervals were computed using a fixed-
effects model, taking into account the absence of significant heterogeneity.

Results: A total of 33 case-control studies were included, encompassing
7,624 individuals with schizophrenia and 8,933 healthy controls from
diverse backgrounds (21 studies on Asian populations, 11 on Caucasian, and
one on a mixed group) conducted between 2001 and 2020. The pooled
analysis did not reveal a significant link between the TNF-a rs1800629
polymorphism and susceptibility to schizophrenia under any genetic
model. Further subgroup analyses by ethnicity (Asian, Caucasian), country
(China, Poland), genotyping technique, and publication year also yielded
no notable associations.

Conclusions: This comprehensive meta-analysis offers strong evidence
that the TNF-a rs1800629 variant is not significantly associated with

(o)

Amag: Sizofreni, diinya nifusunun yaklasik %l'ini etkileyen ve
genetik, cevresel ve norogelisimsel etkilerin bir kombinasyonundan
kaynaklanan cok yonli bir psikiyatrik bozukluktur. Son c¢alismalar,
bagisiklik sistemi bozukluklarinin ve néroinflamasyonun gelisimindeki
roltinii vurgulamakta ve tumor nekroz faktéru-alfa (TNF-a) énemli
bir sitokin olarak tanimlanmaktadir. Bu meta-analiz, yayinlanmis
arastirmalardan elde edilen verileri sentezleyerek TNF-a rs1800629
genetik varyanti ile sizofreni riski arasindaki iliskiyi netlestirmeyi
amaglamaktadir.

Yontemler: iki bagimsiz hakem PubMed, Web of Science, Embase,
Cochrane Library ve Cin Ulusal Bilgi Altyapisi'nda 19 Ocak 2024 tarihine
kadar yayinlanmis calismalari sistematik olarak taramistir. Odds oranlar
ve %95 giuven araliklari, anlamli derecedeki heterojenlik eksikligi
dikkate alinarak sabit etkiler modeli kullanilarak hesaplanmistir.
Bulgular: 2001-2020 yillari arasinda yurutulen ve farkli gegmislere
sahip 7.624 sizofreni hastasini ve 8.933 saglikli kontrolt (21'i Asyali, 11'i
Kafkasyali ve biri karma bir grup ile) kapsayan toplam 33 olgu kontrol
calismasi calismaya dahil edildi. Karma analiz, TNF-a rs1800629
polimorfizmi ile sizofreniye yatkinlik arasinda herhangi bir genetik
model altinda anlamli bir baglanti ortaya koymadi. Etnik kdken (Asyali,
Kafkasyali), tlke (Cin, Polonya), genotipleme teknigi ve yayin yilina gére
yapilan diger alt grup analizleri de anlamli bir iliski géstermedi.
Sonuglar: Bu kapsamli meta-analiz, TNF-a rs1800629 varyantinin
ne kuresel olarak ne de belirli etnik gruplar icinde sizofreni riski ile
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schizophrenia risk, either globally or within specific ethnic groups. These
findings indicate that this polymorphism likely does not play a major
role in schizophrenia susceptibility, underscoring the importance of
future investigations into other TNF-a variants, gene-gene interactions, or
alternative inflammatory mechanisms.

Keywords: Schizophrenia, tumor necrosis factor-alpha, rs1800629,
polymorphism, meta-analysis, genetics

INTRODUCTION

Schizophrenia is a chronic and multifaceted
psychiatric illness that affects about 1% of people
worldwide. It is marked by a combination of positive
symptoms (such as hallucinations and delusions), negative
symptoms (including social withdrawal and anhedonia),
and cognitive deficits, all of which substantially diminish
patients’ quality of life and daily functioning'2 The
underlying causes of schizophrenia are complex, involving
genetic predispositions, environmental exposures, and
neurodevelopmental disturbances. Recent research
increasingly points to the role of immune system
dysfunction and neuroinflammatory processes in the
development and progression of the disorder’*. Among
the inflammatory molecules implicated in schizophrenia,
tumor necrosis factor-alpha (TNF-a) stands out as a key
cytokine. Elevated TNF-a levels have been repeatedly
documented in individuals with chronic schizophrenia
and have been linked to greater severity of negative
symptoms>®,

TNF-a acts as a pro-inflammatory cytokine, playing a
pivotal role in immune regulation and, more recently, has
been recognized for its influence on brain development,
synaptic remodeling, and neuron survival’®. Evidence
suggests that both TNF-a and interleukin-6 are closely
associated with the deficit syndrome subtype of
schizophrenia, which is characterized by persistent and
primary negative symptoms. This observation supports
the idea that deficit schizophrenia may involve distinct
immune-related pathophysiology’. Moreover, higher
TNF-a concentrations have been shown to predict the
intensity of specific negative symptoms, such as blunted
affect and alogia, as well as overall negative symptom
scores, indicating a direct contribution of inflammatory
processes to clinical manifestations'®". The hypothesis
that inflammation plays a central role in schizophrenia
is further reinforced by findings that immune-targeted
therapies could offer new avenues for treating negative
symptoms in individuals with this condition'™

The TNF-a gene, situated on chromosome
6p21.3, harbors several functional variants that
modulate cytokine expression and immune response
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anlamli bir iligkisi olduguna dair glclii kanitlar sunmaktadir. Bu
bulgular, bu polimorfizmin sizofreniye yatkinlikta muhtemelen 6nemli
bir rol oynamadigini géstermekte ve diger TNF-a varyantlari, gen-
gen etkilesimleri veya alternatif enflamatuvar mekanizmalarla ilgili
gelecekteki arastirmalarin dnemini vurgulamaktadir.

Anahtar kelimeler: Sizofreni, timoér nekroz faktéri-alfa, rs1800629,
polimorfizm, meta-analiz, genetik

mechanisms®'“, One notable variant is the rs1800629
single nucleotide polymorphism (SNP), also known
as -308G>A, located in the gene's promoter region.
This SNP has been widely investigated across various
inflammatory and autoimmune diseases due to its
regulatory effect on TNF-a production. Specifically, the
substitution of guanine (G) with adenine (A) at position
-308 is associated with increased TNF-a expression in
individuals carrying the A allele compared to those with
the G allele™ Research indicates that carriers of the A
allele exhibit significantly reduced fractional anisotropy
in broad brain regions, alongside more pronounced
deficits in both immediate and delayed verbal memory
recall and recognition, relative to individuals with the GG
genotype's. These observations imply that the A allele,
which drives higher TNF-a levels, may be linked to
diminished fronto-temporal white matter connectivity
and subsequent memory impairments in patients with
schizophrenia'®".

Previous case-control studies investigating the
association between TNF-a rs1800629 polymorphism
and schizophrenia susceptibility have yielded
inconsistent and sometimes contradictory results, likely
due to differences in study populations, sample sizes,
ethnic backgrounds, and methodological approachesé.
Whilesomesstudies havereportedsignificantassociations
between specific genotypes and schizophrenia risk,
others have found nossignificantrelationship betweenthe
polymorphism and disease susceptibility’®. Additionally,
research has indicated that this polymorphism may
act as a modulator for disease onset age and cognitive
function rather than directly influencing susceptibility,
as demonstrated in studies examining the related
rs1800629 polymorphism, which showed associations
with earlier onset age and cognitive deficits but not with
overall disease risk'”. The heterogeneity in study findings
underscores the need for a comprehensive meta-
analytical approach to synthesize existing evidence and
provide more definitive conclusions about the role of
rs1800629 in schizophrenia susceptibility.

Understanding genetic variants in inflammatory
pathways has significant clinical and therapeutic
implications.  Given the influence of TNF-a
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polymorphisms on treatmentresponsesin conditions like
autoimmune disorders?’, determining if the rs1800629
polymorphism is associated with schizophrenia could
inform personalized medicine, guide treatment selection,
and aid in developing targeted immunomodulatory
interventions.  This  meta-analysis  systematically
evaluates case-control studies to determine if the
TNF-a rs1800629 polymorphism is associated with
increased schizophrenia susceptibility. It also assesses
the magnitude of associations across populations
and study designs, identifies sources of heterogeneity
explaining inconsistencies in prior research, and provides
recommendations for future genetic association studies
in schizophrenia research.

MATERIALS and METHODS
Search Strategy

Since this meta-analysis did not involve the use of
personal data or the recruitment of participants, ethical
approval was unnecessary, and patient consent was
not applicable. We performed an extensive literature
search across a variety of electronic databases to identify
publications examining the association between the
TNF-a rs1800629 polymorphism and schizophrenia risk,
with studies limited to those considered up to January 19,
2024.Thedatabasessearchedincluded PubMed, EMBASE,
Web of Science, Elsevier, Google Scholar, ScienceDirect,
SciELO, Europe PMC, ResearchGate, Circumpolar Health
Bibliographic Database, Cochrane Library, Current
Contents, Linguamatics, Eye Health Organizations
Database, WanFang, China Science and Technology
Journal Database, VIP, Chinese Biomedical Database,
Chinese National Knowledge Infrastructure, Scientific
Information Database, PsycINFO, and ClinicalTrials.
gov. To refine our search, we used combinations of
keywords such as “schizophrenia”, “TNF-a”, “rs1800629",
“polymorphism”, “genetic susceptibility” and “association
study”, as well as related terms including “gene”,
“polymorphism”, “DNA sequence”, “single-nucleotide
polymorphism”,  “SNPs”,  “genotype”, “frequency”,
“mutation”, “mutant”, “allele”, “variation”, “variant” and
“genetic predisposition”. Additionally, we manually
reviewed the reference lists of all relevant articles to
ensure no pertinent studies were missed. There was no
limitation regarding language or publication year; non-
English articles were translated when necessary. Our
review prioritized human studies published in English
or Chinese, and in cases where multiple articles covered
the same subjects, the most recent or those with larger
sample sizes were selected.
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Inclusion and Exclusion Criteria

We established clear criteria for study selection. The
inclusion criteria were: (1) Only case-control or cohort
studies that investigated the relationship between the
TNF-a rs1800629 polymorphism and schizophrenia
risk; (2) schizophrenia diagnosis had to be based on
recognized clinical standards; (3) studies needed to
provide genotype frequencies for both cases and
controls to enable calculation of odds ratios (ORs)
and 95% confidence intervals (Cls); (4) studies had to
provide sufficient demographic information about
participants; and (5) only studies published up to January
2024 were considered for relevance. Exclusion criteria
were as follows: (1) Reviews, meta-analyses, abstracts,
conference proceedings, case reports, letters to the
editor, comments, and duplicate publications; (2) studies
without a control group or with inappropriate selection
criteria; (3) articles with duplicated data from the same
author; (4) studies lacking gene frequency data that could
not be supplemented; and (5) animal or in vitro research.
If multiple publications reported on the same dataset,
the study with the largest sample size or the most recent
publication was included in the analysis.

Data Extraction

Two independent reviewers assessed the titles,
abstracts, and search terms of identified studies to
determine eligibility based on the established criteria
regarding the TNF-a rs1800629 polymorphism and
schizophrenia risk. Any disagreements were resolved
through discussion or by consulting a third reviewer, and
if needed, the original study authors were contacted
for clarification. The screening process began with the
evaluation of titles and abstracts to exclude irrelevant
studies, followed by a detailed full-text review for final
selection. From each eligible study, we extracted the
following data: First author’'s name, participant ethnicity
(categorized as Asian, Caucasian, African, Hispanic, or
Mixed), publication year, genotyping method, country
of study, total number of schizophrenia cases and
controls, genotype frequencies of the TNF-a rsi800629
polymorphism in both groups, Hardy-Weinberg
equilibrium (HWE) results, and minor allele frequencies
(MAFs) among controls. When research groups published
multiple related studies, we included the most recent, or
the one with the largest sample size.

Statistical Analysis

To evaluate the association between the TNF-a
rs1800629 polymorphism and the risk of developing
schizophrenia, ORs with corresponding 95% Cls were



calculated. The statistical significance of the overall
effect size was determined using the Z-test, with a p-value
below 0.05 considered significant. Five genetic models
were analyzed: allele comparison (B vs. A), homozygote
comparison (BB vs. AA), heterozygote comparison (BA
vs. AA), dominant model (BB+BA vs. AA), and recessive
model (BB vs. BA+AA). Here, “A” represented the major
allele, while “B” denoted the minor allele. To assess
heterogeneity among studies, the Cochran Q-test was
applied, with a significance threshold set at p<0.10.
The |? statistic was also used to quantify heterogeneity,
with values ranging from 0% (no heterogeneity) to
100% (extreme heterogeneity): 0-25% indicated none,
25-50%, moderate, 50-75%, high, and 75-100%, very
high heterogeneity???. Depending on the degree
of heterogeneity, either the DerSimonian and Laird
random-effects model or the Mantel-Haenszel fixed-
effects model was used for pooling effect sizes. HWE
in the control groups was checked using the chi-square
test, and a p-value less than 0.05 indicated a significant
deviation from equilibrium?*?5, Subgroup analyses
were performed based on ethnicity and schizophrenia
subtype to explore sources of heterogeneity. Sensitivity
analyses were conducted by sequentially removing
individual studies to test the robustness of the results??.
Potential publication bias was assessed through Begg's
and Egger’s tests, along with visual inspection of funnel
plots for asymmetry. If bias was detected, the Duval and
Tweedie “trim-and-fill"” method was employed to adjust
the results. All statistical analyses were performed using
Comprehensive Meta-Analysis (CMA) software version
2.0 (Biostat, USA). A two-sided p-value less than 0.05 was
considered statistically significant.

RESULTS
Characteristics of Selected Studies

A summary of the literature review and study
selection process is depicted in Figure 1. The initial search
identified 741 articles. After screening titles and abstracts,
312 duplicates and 218 articles related to cell or animal
studies, reviews, case reports, and other non-eligible
formats were excluded. The full texts of the remaining
211 articles were reviewed in detail, leading to the
exclusion of 178 studies based on the set inclusion and
exclusion criteria. Ultimately, 33 studies comprising 7,624
schizophrenia cases and 8,933 controls were included in
the meta-analysis. Of these, 21 studies focused on Asian
populations, 11 on Caucasian populations, and one on a
mixed ethnic group. The studies were published between
2001 and 2020 and represented research from various
countries, including ltaly, Germany, Korea, Singapore,
China, Finland, the United States, Canada, Japan, Poland,
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Pakistan, Saudi Arabia, and Turkiye. With the exception
of three studies, the genotype distributions in the control
groups conformed to HWE, as outlined in the study
protocols. Detailed genotypic frequency data for all
included studies are provided in Table 1.

Quantitative Synthesis
Overall Analysis

In the present meta-analysis, no statistically
significant relationship was found between the TNF-a
rs1800629 polymorphism and the risk of schizophrenia.
This conclusion is based on the quantitative synthesis
summarized in Table 2 and depicted in the forest plot
(Figure 2), which presents results across multiple genetic
models (allelic, homozygous, heterozygous, dominant,
and recessive). For example, the pooled OR for the
allelic comparison (A vs. G) was 1,148 (95% Cl: 0.947-1.391,
p=0.161), indicating only a slight, nonsignificant increase
in risk. Similarly, the homozygous (AA vs. GG: OR=1,332,
95% Cl: 0.785-2,260, p=0.289) and heterozygous (AG vs.
GG: OR=1,081,95% Cl: 0.905-1,291, p=0.390) comparisons
did not reveal significant associations. This lack of
significant association was consistent across subgroup
analyses stratified by ethnicity (such as Asian, Caucasian,
and East Asian populations), country (e.g., China, Poland),
HWE status, genotyping technique [polymerase chain
reaction - restriction fragment length polymorphism
(PCR-RFLP), ankle-brachial index (ABI)], and publication
period (before and after 2010). For instance, among Asian
populations, the OR for A vs. G was 1,198 (95% Cl: 0.892-
1,595, p=0.235), and for Caucasian populations, it was
1,043 (95% CI: 0.853-1,275, p=0.689), neither reaching
statistical significance. However, a notable exception
emerged in the subgroup analysis of studies published
after 2010, where the combined AA+AG versus GG
genotype model showed a significant association with
schizophrenia risk, (OR=1,700, 95% Cl: 1,073-2.693,
p=0.024). When considering both AA and AG genotypes
together, more recent research found a statistically
significant increase in schizophrenia risk linked to the
TNF-a rs1800629 polymorphism.

Heterogeneity Testing and Sensitivity Analysis

The heterogeneity analysis, as indicated by 12 values,
reveals substantial variability across the different
subgroups and genetic models. Specifically, the overall
analysis shows high heterogeneity (12=74.19% to 86.33%,
p<0.001). Similar trends are observed within ethnicity-
based subgroups, with Asians, (12=89.69% to 80.50%,
p<0.001), Caucasians, (12=65.40% to 48.83%), and East
Asians (12=89.48% to 81.84%, p<0.001) all exhibiting
considerable heterogeneity. Country-based analyses in
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countries, such as China (12=90.62% to 53.49%, p<0.011)
and Poland (12=97.01% to 83.22%, p=0.001 to 0.009),
also demonstrate significant heterogeneity. Subgroups
based on HWE and genotyping methods (PCR-RFLP
and ABI) also show high levels of heterogeneity. Finally,
stratification by publication year (before and after 2010)
reveals high heterogeneity in both periods, suggesting
that the observed associations are influenced by various
confounding factors. These findings suggest that the
overall effect estimates should be interpreted with
caution, as the true effect may vary across different
populations and study designs.

Publication Bias

The evaluation of publication bias related to the
TNF-a rs1800629 polymorphism and its association
with  schizophrenia involved analyzing various
genetic models and subgroups using Begg's and
Egger's tests. The results indicated differing levels of
publication bias across models (Figure 3). Specifically,
Figure 3 (Begg's funnel plot) visually represents the
publication bias test for the correlation between
TNF-a rs1800629 polymorphism and schizophrenia
development. For the A vs. G allele comparison, Begg's
test returned a p-value of 0.675, and Egger's test
yielded 0.288, both suggesting no significant bias.

1S A .
e PRISMA 2009 Flow Diagram
G
c Records identified through Additional records identified
o z . 5
= database searching published up to through other sources published up
_g January 19th, 2024 to January 19th, 2024
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=
[
=
\ 4 Y
; . Records excluded (n = 218)
Records scree'ned a ter_removmg after » Irreverent after reading
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v Records screened
(n=211)
Full-text articles excluded,
with reasons (n = 178)
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Figure 1. Diagram illustrating the process of study identification, screening, eligibility assessment, and final inclusion for

this meta-analysis.
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Table 2. Summary risk estimates for association of TNF-a rs1800629 polymorphism with risk of schizophrenia.
. Heterogeneity | Odds ratio Publication bias
Subgroup | Genetic model | Type of model 20 |p OR 95% ClI P p
H test OR Beggs Eggers
Avs.G Random 86.33 <0.001 |1.148 |0.947-1.391 |1.403 |O0.161 |0.675 |0.288
AAvs. GG Random 7477 <0.001 |1.332 |0.785-2.260 |1.061 0.289 | 0.417 | 0.333
Overall AG vs. GG Random 75.70 <0.001 [1.081 |0.905-1.291 |0.860 |0.390 | 0.232 | 0.148
AA+AG vs. GG Random 82.51 <0.001 |1.157 | 0.947-1.413 | 1.425 0.154 | 0.187 | 0.711
AA vs. AG+GG Random 7419 <£0.001 |1.261 |0.757-2.101 |0.890 |0.374 |0.678 |0.223
Ethnicity
Avs.G Random 89.69 | <0.001 [1.198 |0.892-1.595 |1.188 0.235 | 0319 |0.223
AAvs. GG Random 80.63 | <0.001 |1.247 |0.542-2.866 |0.519 |0.604 |0.558 |0.329
Asians AG vs. GG Random 81.87 <0.001 |1.162 |0.884-1.527 |1.078 0.281 | 0.037 |0.033
AA+AG vs. GG Random 87.06 | <0.001 |1.253 |0.919-1.707 |1.428 0.153 | 0.123 | 0.721
AA vs. AG+GG Random 80.50 |<0.001 1129 |0.503-2.532 |0.294 |0.768 | 0.821 |0.225
Avs. G Random 65.40 | 0.001 |1.043 |0.853-1.275 | 0.407 |0.689 |1.000 |0.898
AAvs. GG Random 51.79 0.023 | 0.997 | 0.812-1.223 | 0.032 |0.974 |0.533 |0.764
Caucasians | AGvs. GG Random 52.39 0.021 1.025 | 0.844-1246 |0.253 |0.801 | 0.876 | 0.477
AA+AG vs. GG Random 59.30 0.006 |1.022 |0.825-1.267 |0.200 | 0.842 | 0.755 | 0.955
AA vs. AG+GG Random 48.83 0.034 | 1131 0.639-2.003 | 0.424 | 0.672 | 0.436 |0.772
Avs.G Random 89.48 <0.001 |1.110 | 0.809-1.523 | 0.646 |0.518 | 0.363 |0.289
AAvs. GG Random 83.55 <0.001 |1.011 |0.389-2.630 | 0.023 |0.981 | 0.160 |0.275
East Asian | AG vs. GG Random 6230 | <0.001 | 0.997 |0.817-1.218 |-0.026 | 0.979 |0.225 | 0.371
AA+AG vs. GG Random 82.22 <0.001 |1.071 | 0.811-1.416 0.484 | 0.628 | 0.448 | 0.307
AA vs. AG+GG Random 81.84 <0.001 |1.070 | 0.439-2.608 | 0.149 |0.882 | 0.099 |0.278
Country
Avs.G Random 90.62 | <0.001 |1.220 |0.851-1.748 |1.083 |0.279 | 0.200 |0.246
AA vs. GG Random 86.06 |<0.001 |1.196 |0.399-3.585 | 0319 |0.749 |0.371 |0.398
China AG vs. GG Random 53.49 0.01 1.069 | 0.879-1.299 |1.299 |0.668 | 0.299 |0.317
AA+AG vs. GG Random 81.89 <0.001 |1.177 | 0.872-1.588 |1.066 |0.286 | 0.582 |0.195
AA vs. AG+GG Random 84.74 <0.001 |1.245 | 0.447-3.463 | 0.419 |0.675 |0.283 | 0.414
Avs.G Random 85.48 0.001 |1.052 |0.669-1.653 | 0.219 |0.826 |1.000 |0.908
AAvs. GG Random 85.42 0.001 | 0.763 | 0.159-3.669 |-0.338 | 0.735 | 0.296 |0.283
Poland AG vs. GG Random 97.01 0.009 |1.126 |0.693-1.830 |0.480 |0.631 |1.000 |0.957
AA+AG vs. GG Random 83.22 0.003 | 1117 0.659-1.893 | 0.410 |0.682 |1.000 | 0.840
AA vs. AG+GG Random 83.22 0.003 | 0.702 | 0.172-2.865 |-0.493 | 0.622 | 0.296 |0.198
Avs.G Random 75.69 <0.001 [1.094 |0.932-1.284 |1.095 |0.274 |0.784 |0.983
AAvs. GG Random 74.57 <0.001 |1.347 |0.739-2.453 | 973 0.331 | 0.381 |0.450
HWE AG vs. GG Random 76.83 <0.001 |1.100 | 0.911-1.327 988 0323 | 0.535 |0.236
AA+AG vs. GG Random 83.23 <0.001 |1.179 | 0.953-1.457 |1.519 0.129 | 0358 | 0.145
AA vs. AG+GG Random 47.62 0.005 |1.066 |0.678-1.675 |0.276 |0.782 | 0.673 |0.774
Gentyping methods
Avs.G Random 74.48 <0.001 [1.095 | 0.916-1.311 0.996 |0.319 |0.283 |0.137
AA vs. GG Random 74.48 <0.001 [1.095 | 0.916-1.311 0.996 |0.319 |0.283 |0.137
PCR-RFLP | AGvs. GG Random 69.94 | <0.001 |1.068 |0.881-1.293 | 0.668 |0.504 | 0.101 | 0.151
AA+AG vs. GG Random 69.94 | <0.001 |1.068 |0.881-1.293 | 0.668 |0.504 | 0.101 | 0.151
AA vs. AG+GG Random 50.63 | 0.006 |1253 |0.786-1.998 |0.949 |0.343 |0.779 |0.633
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Table 2. Continued
Heterogeneity Odds ratio Publication bias
Subgroup | Genetic model | Type of model
12(%) |P, OR 95% CI Z.. Poq Poegse | Prggers
Avs.G Random 65.23 0.015 0.952 | 0.750-1.205 |-0.721 | 0.471 | 0.529 | 0.385
AAvs. GG Random 58.71 0.032 |1.158 |0.620-2.164 | 0.563 |0.573 | 0.214 | 0.896
ABI AG vs. GG Random 72.15 <0.001 |1.023 | 0.835-1.254 |0.195 |0.845 | 0.912 | 0.452
AA+AG vs. GG Random 61.98 0.008 | 0.987 | 0.799-1.220 |-0.105 | 0.916 | 0.647 |0.719
AA vs. AG+GG Random 4936 0.045 | 131 0.701-2.451 | 0.992 |0.321 | 0.488 | 0.555
Publication year
Avs.G Random 67.15 <0.001 |1.007 |0.858-1.180 | 0.082 |0.935 | 0.446 |0.312
AAvs. GG Random 75.22 0.002 |1.15 0.65-2.03 0.457 | 0.656 | 0.558 | 0.756
Before 2010 | AG vs. GG Random 68.55 0.015 095 |0.78-116 -0.828 | 0.413 | 0.924 |0.235
AA+AG vs. GG Random 64.40 |<0.001 | 0.979 |0.824-1163 |-0.240 | 0.810 | 0.843 | 0.611
AA vs. AG+GG Random 39.59 0.043 | 1.050 | 0.668-1.650 | 0.209 | 0.834 | 0.306 |0.452
Avs.G Random 91.23 <0.001 |1.457 |0.984-2.158 |1.879 0.060 | 1.000 | 0.278
AAvs. GG Random 82.1 0.001 1.628 | 0.88-2.97 1.227 0.228 | 0.339 | 0.816
After 2010 | AGvs. GG Random 79.44 0.005 |1.283 |0.91-179 0.956 | 0347 |0.763 | 0.498
AA+AG vs. GG Random 89.68 <0.001 |1.700 |1.073-2.693 |2.262 |0.024 |0.275 | 0.693
AA vs. AG+GG Random 84.23 <0.001 |1.505 |0.552-4.101 |0.798 |0.425 | 0.591 |0.088

Similarly, the AA vs. GG model had p-values of 0.417
(Begg's) and 0.333 (Egger’s), indicating an absence of
substantial bias. The AG vs. GG comparison also showed
no evidence of bias, with p-values of 0.232 and 0.148,
respectively. However, subgroup analyses based on
ethnicity revealed more complex results: in the Asian
subgroup, the AG vs. GG model indicated significant
publication bias with p-values of 0.037 (Begg's) and 0.033
(Egger's), suggesting a potential influence of publication
bias for this genetic model within this specific ethnic
group. Although no significant bias was found in other
comparisons within this group, further investigation is
required. For Caucasians and East Asians, results generally
showed no significant publication bias, with p-values
consistently above 0.05. When analyzing by country,
Poland showed potential bias with A vs. G model p-values
of 1.000 (Begg's) and 0.908 (Egger’s), which may indicate
a lack of studies showing a significant association in the
Polish population for this specific allele comparison. In
contrast, analyses for China revealed no publication bias
in the assessed models. Examining the HWE subgroup, it
was found that no significant publication bias was evident.
Similarly, analyses based on genotyping methods (PCR-
RFLP and ABI) and publication year (before and after
2010) generally indicated no substantial publication bias.

Minor Allele Frequencies

MAFs ranged from 0.008 to 0.463, demonstrating
considerable geographical and ethnic variation. Asian
populations exhibited lower MAFs in Japan (0.008)
and China (0.071, 0.077) compared to Singapore
(0.220) and healthy Chinese parents (0.463). Chinese
studies showed diverse MAFs, some exceeding 0.300.
Caucasian populations generally had higher MAFs,
as seen in Germany (0.169) and Poland (0.171), while
Finnish studies reported 0.136 and 0.128. These MAF
differences are attributable to nationality, study design,
and methodologies, underscoring the importance
of population-specific genetic factors in genetic
epidemiology. The results indicate a complex interaction
of genetic and environmental influences on MAF
distribution.

DISCUSSION

The association between the TNF-a rs1800629
polymorphism and schizophrenia susceptibility remains
a complex and controversial topic, as evidenced by
conflicting findings across various studies. While our CMA,
encompassing 33 investigations with 7624 cases and 8933
controls, revealed no significant correlation between
this polymorphism and schizophrenia risk across five
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Figure 2. Forest plots depicting the association between the TNF-a rs1800629 genetic variant and schizophrenia risk
across all included studies. Results are presented for five genetic models: A) Allelic comparison (A vs. G); B) Homozygote
comparison (AA vs. GG); C) Heterozygote comparison (AG vs. GG); D) Dominant model (AA+AG vs. GG); and E) Recessive
model (AA vs. AG+GQ).
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Figure 3. Begg's funnel plots evaluating potential publication bias in the analysis of the TNF-a rs1800629 polymorphism and
schizophrenia risk. The plots correspond to: A) Allelic model (A vs. G); B) Homozygote model (AA vs. GG); C) Heterozygote
model (AG vs. GG); D) Dominant model (AA+AG vs. GG); and E) Recessive model (AA vs. AG+GGQG).
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genetic models, this contrasts with some prior research.
For instance, Sacchetti et al.2® (2007) reported a weak
association between the AA genotype and schizophrenia
susceptibility in Caucasoids, further supported by a
replication case-control study indicating an association
between the A allele and increased schizophrenia
susceptibility, particularly in males, with correlations to
a later schizophrenia onset at age. However, these initial
observations have not been consistently replicated.

More recent meta-analyses, including those by Qin et
al.®(2013) and He et al.6(2022), have found no substantial
correlation between the TNF-a rs1800629 polymorphism
and schizophrenia susceptibility. Qin et al.' analysis of 21
studies showed a lack of association among Caucasian
and Asian subgroups, as well as between males and
females. Similarly, He et al.® pooled analysis of 24 studies
found no significant association. Further complicating the
picture, studies have explored the influence of specific
populations or other factors. Alfimova et al. found that
childhood adversity influences the relationship between
schizophrenia development and the TNF-a promoter
polymorphism rs1800629, while Kang et al.' discovered
that the A-allele at TNF-a rs1800629 is associated
with reduced white matter connectivity in the fronto-
temporal region in Korean patients; While Kang et
al.'® discovered that the A-allele at TNF-a rs1800629 is
associated with reduced white matter connectivity in the
fronto-temporal region in Korean patients?¢. Conversely,
Aytec et al.?® (2022) found no significant difference in
the prevalence of TNF-a rs1800629 between Turkish
individuals with schizophrenia and healthy controls,
and Lang et al.”” (2020) found no significant relationship
between rs1800629 and schizophrenia or suicide. These
discrepancies highlight the need for further research to
clarify the role of this polymorphism in schizophrenia
susceptibility, considering potential influences from
ethnicity, environmental exposures, and interactions
with other genes.

Clinical Implication

The meta-analysis suggests that the TNF-a rs1800629
polymorphism, on its own, is unlikely to be a strong
predictor of schizophreniarisk across diverse populations.
Clinically, this implies that routine screening for this
specific polymorphism in individuals to assess their risk
of developing schizophrenia is not currently warranted.
However, clinicians should be aware of the potential
for gene-environment interactions and the influence
of ethnicity on genetic associations. Further research
exploring these factors may refine risk prediction
models in the future. It is important to consider other
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established risk factors and diagnostic criteria when
assessing individuals for schizophrenia.

Study Limitations

The study entailed a thorough analysis of the network
database. However, there are limitations to this meta-
analysis. The primary constraint is that most studies
focused on Asian and Caucasian populations, making it
challenging to evaluate the impact of TNF-a rs1800629
polymorphism on other groups. This limitation could
impact the true association between the polymorphism
and schizophrenia. Due to limited data, the relationship
between TNF-ars1800629 polymorphism and the clinical
features of schizophrenia could not be fully explored.
The analysis was unadjusted; however, an analysis
that considered factors like gender, family history of
schizophrenia, pregnancy complications, and exposure to
toxins or viruses could have been more beneficial. Genetic
and environmental interactions were not examined due
to insufficient original data. Therefore, further validation
with a larger, diverse sample is necessary to confirm the
study’s findings. Future research should also account for
the potential influence of other genetic polymorphisms
and lifestyle factors on schizophrenia development.
Additionally, exploring the role of epigenetic
modifications in conjunction with TNF-a rs1800629
polymorphism could offer a more comprehensive
understanding of the underlying mechanisms involved in
schizophrenia susceptibility. Collaborative efforts among
researchers from diverse ethnic backgrounds and regions
could help overcome current limitations and provide a
more nuanced perspective on the relationship between
TNF-a rs1800629 polymorphism and schizophrenia.
Ultimately, a multidisciplinary approach encompassing
genetics, epigenetics, environmental factors, and clinical
characteristics is crucial for advancing our understanding
of the complex etiology of schizophrenia.

CONCLUSION

In summary, our comprehensive analysis does
not support a consistent link between the TNF-a
rs1800629 polymorphism and increased susceptibility
to schizophrenia. However, these findings should be
interpreted with caution due to considerable heterogeneity
among studies and the limited representation of ethnic
groups, as the current meta-analysis primarily included
Asian and Caucasian populations. To better understand
the potential involvement of TNF-a rs1800629 in
schizophrenia, future research should incorporate
larger and more ethnically diverse cohorts. Additionally,
exploring gene-gene and gene-environment interactions



will be essential for a more complete understanding of
the genetic and environmental factors that contribute to
schizophrenia risk.
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ABSTRACT

Objective: This study aimed to determine the whole free mitochondria
in type-2 diabetic buccal epithelial cells using a supravital stain called
“Janus Green B” and assess their behavior after exposure to near infrared
light. The researchers observed microscopic mitochondrial load and
its intracellular spatial behavior after exposure to near-infrared rays,
bridging the gap in understanding mitochondrial orientation in diseases
like diabetes. The aim of this research was to find out the quantitative
involvement and electrostatic intracellular spatial patterns of whole
mitochondria in diabetes.

Methods: Exfoliated buccal cell wet mounts, supravitally stained using
Janus green, and excited using infrared rays, were observed using an
advanced bright field Axiocam microscope, and the images of whole
mitochondria within the cells were photographed and analyzed using the
ZEN 2.0 cell sense software. The migration patterns of mitochondria were
observed.

Results: A quantitative decrease in mitochondria was noted in diabetic
cells. Signatures of clumpy peripheral shifts in mitochondria were
observed in diabetic buccal cells post radiation.

Conclusions: Advanced glycation end products of diabetes combined
with oxidative stressors influenced the free mitochondria to clump
peripherally and produce a characteristic signature. The decreased
mitochondrial load contributed additional evidence to the reduced
respiratory capacity of cells, which forced mitochondria to emit a
detectable signature when irradiated.

Keywords: Peripheral clumps, infra red rays, power houses, intracellular,
shift, comets

(o)A

Amag: Bu calismanin amaci, tip-2 diyabetik bukkal epitel hiicrelerindeki
tim serbest mitokondriyi “Janus Green B” adi verilen supravital bir
boya kullanarak belirlemek ve yakin kizilétesi 1si§a maruz kaldiktan
sonraki davranislarini degerlendirmektir. Arastirmacilar, yakin kizilétesi
isinlara maruz kaldiktan sonra mikroskobik mitokondriyal yiki ve
hiicre i¢i uzamsal davranisini gézlemleyerek diyabet gibi hastaliklarda
mitokondriyal yonelimin anlasilmasindaki boslugu doldurmuslardir. Bu
arastirmanin amaci, diyabette tiim mitokondrinin kantitatif katilimini
ve elektrostatik hiicre i¢i uzamsal modellerini bulmaktir.

Yontemler: Janus yesili kullanilarak supravital olarak boyanmis
ve kizilétesi isinlar kullanilarak uyarilmis eksfoliye edilmis bukkal
hiicre i1slak numuneler, gelismis bir parlak alan Axiocam mikroskobu
kullanilarak goézlemlendi ve hicrelerdeki tim mitokondrilerin
goruntileri ZEN 2.0 hiicre algilama yazilimi kullanilarak fotograflandi
ve analiz edildi. Mitokondrilerin gé¢ modelleri gézlemlendi.

Bulgular: Diyabetik hiicrelerde mitokondride kantitatif bir azalma
kaydedildi. Radyasyon sonrasi diyabetik bukkal hiicrelerde
mitokondride topaklanmis periferik kayma belirtileri gozlendi.
Sonuclar: Diyabetin ileri glikasyon son urlinleri oksidatif stres
faktorleriyle birleserek serbest mitokondrilerin periferik olarak
kiimelenmesini ve karakteristik bir signatlr Uretmesini etkilemistir.
Mitokondriyal ylikiin azalmasi, hiicrelerin solunum kapasitesinin
azaldigina dair ek kanitlar sunmus ve bu distis mitokondriyi
isinlandiginda tespit edilebilir bir signatiir yaymaya zorlamistir.
Anahtar kelimeler: Periferik kiimeler, kizil 6tesi isinlar, glc santrali,
hiicre igi, kayma, komet
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INTRODUCTION

Though type-2 diabetesisacomplexdisorder with bio-
molecular imbalances, its lab diagnostic investigations
to date have focused only on sugar substrates, glycated
products, or urinary sediment patterns. This is with
the exception of a few studies that have focused on
intracellular changes in cellular organelles, such as
mitochondrial DNA, without giving impetus to the
estimation of wholemembrane-bound free mitochondrial
count'2. Mitochondria, the energy turbines of cells, are
susceptible to glycation in type-2 diabetes, and there is
no consensus neither on their intracellular behaviour nor
on their count within the diabetic cells due to the paucity
of microscopic studies on the same in contrast to the
numerous studies that have been done on mitochondrial
DNA3, Hence, this study aimed to quantify whole free
mitochondria in type-2 diabetic buccal epithelial cells
using the supravital stain “Janus Green B”; it also assessed
their spatial behaviour after exposure to near-infrared
light. Previous studies had only determined varied
expressions of mitochondrial DNA, which may not reflect
the disease’s severity or prognosis®®. The researchers in
this study used supravitally stained wet mount smears of
infrared-irradiated inner cheek cells to assess the spatial
arrangement of mitochondria, which helped them
understand the spatial alignments of these organelles
in response to the disease’s course®. This approach
overcame the problem of invasive needle insertion
for obtaining blood samples for mitochondrial DNA
estimation. This research is the first of its kind to bridge
the gap in understanding the intracellular orientation of
mitochondria in diseases like diabetes?3*¢. This research
also opens a new area to study the electrostatic repulsive
behaviour of adapted mitochondria within buccal cells
in response to infrared rays. This is also the first study to
have observed specific whole mitochondrial signatures
in human buccal cells in response to oxidative stress
and glycosylation, and to determine their mitochondrial
number and distribution. Previous similar studies had
been done only in the myocytes, neurons, or blood
cells of biopsied diabetic-induced rats or other lower
mammals, but not in humans’?2.

Methodology
Study Design

Informed consent was obtained from all patients.
This was a case-control study conducted at a tertiary
care institute wherein the departments of anatomy,
pathology, biochemistry, and community medicine
were collaboratively involved. The case subjects for the
study were chosen from the population that visited
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the non-communicable disease clinic at the outpatient
department. Cases included only patients with confirmed
pure diabetes in the age group of 30 to 60 years, without
other co-morbid stressors and having the disease for a
minimum duration of at least 3 years. Controls included
healthy volunteers who had visited the Out Patient
Department for unrelated reasons. This study excluded
subjects with history of smoking, betel nut chewing,
other oxidative stress illnesses (except diabetes), poor
oral hygiene, and oral diseases. Pre-diabetics, diabetics
with hypertension, and diabetics with other co-morbid
illnesses arising due to oxidative stress were excluded
from the study. Forty cases and forty controls were
included in this study, which was performed over 18
months. Cases and controls were age and sex matched to
avoid bias. Approval was obtained from the Institutional
Ethics Committee for this study (reference number:
AlIMS/BBN/IEC/OCT/2022/224, date: 08.10.2022).

Sample Size Estimation

The sample size for this study was calculated using
the clincalc sample size calculator available free to all
online using the website www.clincalc.com/stats/sample.
The primary variable for assessing the outcome in both
cases and controls was the mitochondrial load per field
of microscope, which was expressed as meantstandard
deviation for both groups. The means and standard
deviations of mitochondrial load volume in case and
control groups from a previously done related study on
primate choroidal epithelial cells, which were 13+1.9 and
11.5+1.2 respectively, were then fed into the software®. It
was estimated by the software that 38 patients in each
group would be required to detect a mean difference of
12.25 in mitochondrial load between the two groups of
cases and controls. The calculations were based on 80%
power, 0=0.05, and a two-sided 95% confidence interval.
Keeping an attrition factor of 2, the total sample size
for both groups together in this case-control study was
calculated to be 80, that is, 40 cases and 40 controls.

MATERIALS and METHODS

Informed consent was obtained from the patients
prior to the start of this study. The study was done only
after obtaining approval and clearance from the institute
research council, institute scientific advisory committee,
and institute ethics committee. The grants and funds
that were required for purchasing the reagents and
materials for this study were released by the institute
where the authors work after ethics approval. This was
an intramurally funded research. Two wet mount buccal
epithelial cell smears were obtained from each of the
cases and controls and smeared onto two clean glass
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slides for each subject. The first smeared slide was stained
directly with Janus green staining solution without
subjecting the slide to infrared rays. It was then observed
under the Zeiss Axiocam bright field microscope at
40X with a specialized in-built zoom camera that
magnified the image of the buccal cells to 100X with
visible mitochondrial dots, and the images were photo-
captured with a computer-attached DSLR camera. The
second smeared slide, on the other hand, was subjected
to near-infrared radiation (600 nm wavelength at 65 cm
distance from the central convex point of the infra-red
lamp) for 7 seconds and then stained with Janus green
and observed under the microscope. The slides were
thoroughly examined from one corner of the smear to
another corner by three independent researchers, and
the number of buccal cells in a smear was counted using
the image J software. The buccal cell density per smear
was determined by the software and then the area of
maximum density was marked for counting the number
of dark colored mitochondrial spots within each of the
buccal cells and a quantitative measurement of the
same was made using the “ZEN BLUE cell sense-cell
counting software” that picked up the mitochondria
dots and estimated the number of mitochondria.
The slide fields under the Axiocam microscope were
observed from left to right from top to bottom in a zig-
zag fashion by three independent researchers so that
no mitochondrial dots were missed and the observer
bias would be eliminated. The number of mitochondrial
dots per buccal cell in cases was noted before and after
radiation and compared with their blood HbAIC levels.
The mitochondrial load was expressed as the aggregated
mean of the mitochondrial dots per buccal cell for the
cases and was then compared with the mitochondrial
load of controls.

Statistical Analysis

Descriptive and inferential statistics were used to
analyze the data. The baseline characteristics were
analyzed by descriptive statistics. The data on the
quantity of mitochondria and levels of HbAIC were
expressed as the mean with standard deviation, and an
attempt was made to find out if an association existed
between the mitochondrial load in cases compared
with controls. The unpaired Student’s t-test was used to
compare the means between two groups. In contrast, the
one-way analysis of variance (ANOVA) test was used to
compare three groups at a time. The mitochondrial levels
were correlated separately with the blood HbAIC levels
by applying linear regression. All statistical analyses were
carried out at a 5% level of significance, and the p-value
<0.05 was considered significant. The GraphPad Prism
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software version 2.0 was used for statistical analysis. The
tables were plotted using Microsoft Office Excel 2010.

RESULTS

After staining the buccal smears with Janus green B
stain prior to radiation, it was observed that the mean
number of mitochondria per buccal cell in cases was
fewer than the mean number of mitochondria per buccal
cell in controls (Table 1). On subjecting the buccal cells of
cases to near-infrared rays and then staining them with
Janus green, it was observed that the contours of diabetic
buccal cells became enlarged and distorted after
radiation (Figure 1). The mitochondria present within the
diabetic buccal cells became organized into clumps and
shifted towards the periphery of the cell. Also, in those
diabetic cells with a mean HbAIC value greater than 8
mg/dL, the mitochondria clusters moved away from the
part of the cell that was close to the nucleus and migrated
to the periphery of the cell, producing comet-Llike trails
within the cell (Figures 1 and 2). Such a phenomenon was
not observed in control cells after radiation, and there
was no change in mitochondrial dots except that the cell
outlines became distorted and the mitochondrial dots
became brighter (Figure 1). It was observed that there
was a significant association between the mean number
of irradiated mitochondrial clumps per buccal cell of
cases and the mean HbAI1C values in blood (Table 2). The
mean number of mitochondrial dots per buccal cell in
cases before radiation, the mean number of irradiated
mitochondrial clumps per buccal in cases after radiation,
and the mean HbAIC values were compared using the
one-way ANOVA test, and a significant association
between each of the three groups was obtained (Table
3). Furthermore, the post-hoc Tukey HSD beta test (true
post-hoc significant difference test) was applied to the
three groups to validate the findings of the one-way
ANOVA, and a significant Q-value was obtained between
each of the three groups (Table 3). A positive linear
correlation was obtained between the mean HbAIC
levels and the mean number of irradiated mitochondrial
clumps per cell in cases, further adding strength to this
study (Table 2).

DISCUSSION

Eldarov et al” found that mitochondria within the
rat cells, when subjected to artificially induced diabetes,
had fused with each other and then scattered away
from the nucleus on subsequent application of stressors
such as lipid peroxidation and intense light. A similar
observation was noted by Brivio et al.® and Raza et al’,
wherein they had shown that mitochondria within the
cells of stress-induced diabetic mice fused with each
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Figure 1. Buccal cell Mitochondria (A-cases, 1-normal before IR, 2a-clumps after IR, 2b-comets after IR, B-controls, 3-before
IR, 4-after IR) Janus Green B stain, 100X

On staining with Janus we
Diabeticcells

observed

Immense
blue-green
mitochondria
thatrepel
each other
and are widely
spaced
Producing
comettrail

A mitochondrial signature was
obtained

Clumps at
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Figure 2. Schema showing the formation of mitochondrial signatures post infra red radiation in diabetic buccal cells
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Table 1. Comparison between mean number of mitochondria per buccal cell in cases and controls prior to radiation.

Cases (n=30)

Controls (n=30)

*
SL. no Mean no.of mitochondria Standard Mean no.of mitochondria | Standard deviation st s
per buccal cell deviation (SD) | per buccal cell (sD) p-value
1 10.33 0.47 20.67 0.47
2 9.67 0.41 20.67 0.36
3 933 0.41 22 0.35
4 7.66 0.41 20.67 0.47
5 8.33 0.41 20.67 0.37
6 8.67 0.47 20.67 0.45
7 9 0.47 20.67 0.45
8 9.33 0.47 20.67 0.45
9 10 0.49 20.67 0.45
10 933 0.47 20.67 0.45
11 8 0.47 20.67 0.45
12 8.67 0.47 22 0.38
13 9 0.21 22 0.38
14 8.67 0.29 22 0.38
15 8.33 0.31 22 0.38
16 8 0.29 22 0.38
17 10 0.29 22 0.38
18 9.67 0.27 22 0.39
19 10 0.29 22 0.39
20 10 0.29 19 0.39
0.00019
21 11.33 0.27 19 0.39
22 11.33 0.31 19 0.39
23 10 0.31 19 0.45
24 10.67 0.31 19 0.45
25 10 0.33 19 0.45
26 10.67 0.31 20.67 0.45
27 10.33 0.31 20.67 0.45
28 10.33 0.31 20.67 0.45
29 10 0.33 20.67 0.45
30 10.33 0.31 20.67 0.45
31 10.33 0.47 20.67 0.47
32 9.67 0.41 20.67 0.36
33 9.33 0.41 22 0.35
34 7.66 0.41 20.67 0.47
35 8.33 0.41 20.67 0.37
36 8.67 0.47 20.67 0.45
37 9 0.47 20.67 0.45
38 933 0.47 20.67 0.45
39 10 0.49 20.67 0.45
40 9.33 0.47 20.67 0.45
fngfarsfgt;d 9.47 038 2075 0.42

*Unpaired t-test was used, *statistically significant, SD: Standard deviation
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Table 2. Comparison between the mean number of irradiated mitochondrial clumps per buccal cell in cases with their
blood HbAIC levels.

Cases (n=30)

SL no Mean no.of Standard |\ HbAIC values | Standard | t-test*
mitochondrial clumps | deviation . . .
per buccal cell (SD) of last one year deviation | p-value® | Linear regression

1 2.33 0.37 7. 0.37

2 133 0.37 6.1 0.31

3 3 0.37 9.1 0.31

4 2 0.37 7. 0.31

5 133 0.37 6.1 0.31

6 133 0.45 6.2 0.31

7 133 0.45 6.2 0.31

8 133 0.45 6.2 0.31

9 133 0.45 6.2 0.29

10 133 0.39 6.2 0.29

n 133 0.33 6.2 0.29

12 2.33 0.39 72 0.29

13 233 0.33 7.2 0.29

14 233 0.33 7.2 0.29

15 233 0.33 7.2 0.29

16 233 0.33 7.2 0.33

17 2.33 0.33 7.2 0.33

18 3 0.33 9.2 0.22 y=1.53x+3.97

19 3 0.33 8.6 0.22

Ay ] GED 97 022 positive@ correlation,

21 2 0.33 7.4 0.22 0.0031

22 2 0.33 7.4 0.22 0=0.0001,

23 3 0.33 8.9 0.22

24 3 0.33 8.9 0.22

25 2 0.45 6.2 0.22

26 2 0.45 7 0.22

27 2 0.45 7 0.44

28 1 0.45 6.2 0.44

29 233 0.45 7. 0.44

30 2 0.45 7.1 0.44

31 2.33 0.37 7.1 0.37

32 133 0.37 6.1 0.31

33 3 0.37 9.1 0.31

34 2 0.37 7. 0.31

35 133 0.37 6.1 0.31

36 133 0.45 6.2 0.31

37 133 0.45 6.2 0.31

38 133 0.45 6.2 0.31

39 133 0.45 6.2 0.29

40 133 0.39 6.2 0.29

hegregated mean 1192 039 6.99 0.31

*Unpaired t test was used, Sstatistically significant, @both parameters were deviating positively in one direction with good correlation, SD: Standard
deviation
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Table 3. Comparison between no. of mitochondria, mitochondrial clumps and blood HbAIC levels in cases.
Cases (n=30)
. Post-hoc tukey HSD @ (beta) to
Parameter Meantsp | [-ratio value between Oneway ANOVA | @ . 1 te the ANOVA
the group parameters | (p-value)*
(p-value)*
Aggregated mean no. of
mitochondrial dots per 9.47+0.38
buccal cell in cases
Aggregated mean no. of
mitochondrial clumps per 1.92+0.39 593.706 0.000M 0.00121
buccal cell in cases
Mean blood HbAIC levels in 6.99+0 31
cases (mg/dl)
*Significant ANOVA, @true post-hoc significant differencce, SD: Standart deviation, ANOVA: Analysis of variance

other and exhibited a metabolomic signature by moving
slightly away from the nucleus upon the application
of external stressors. In this study, we showed that
mitochondria within the buccal cells of diabetic humans
formed clumps on being subjected to near infrared
radiation and shifted towards the periphery of the cell,
sometimes even distorting the cell’s outline. The authors
would like to term this phenomenon “mitochondrial
signatures” exhibited by the mitochondria inside the
diabetic buccal cells when they receive a radiation boost.
Goh et al.'® and Li et al." observed that guinea pig cells
under severe oxidative states such as diabetes, when
subjected to laser, formed an oscillatory pattern that
shifted away from the center of the cell. Romanova et
al.”? observed similar findings in ovarian cells of diabetic
Chinese hamsters when subjected to oxidative stress,
wherein the mitochondria underwent a peripheral shift
away from the nucleus. In our study, we found that the
mitochondria within the buccal cells of those diabetic
patients in whom the blood HbAIC levels were more than
8 mg/dL formed comet-like trails along with peripheral
clumps during their migration towards the periphery of
the cell away from the nucleus. On the other hand, those
mitochondria within the diabetic buccal cells of patients
whose HbAIC values were less than 8 mg/dL did not
show a comet trail; rather, they just formed clumps at the
periphery of the squamous cell.

The number of mitochondrial dots that representing
whole free mitochondria was found to be reduced in
human diabetic buccal cells, as compared to normal
cells in this study. Our findings allude to Kwak et al.' and
Sivitz and Yorek? which showed that the mitochondria
in the cells of mammals subjected to diabetes would
undergo dysfunction due to dysregulation of the genes
coding for mitochondrial proteins. The increase in
mitochondrial clumps after the infrared stimulation in

diabetic buccal cells suggested the massive influx of
calcium from the mitochondrial membranes, and the
shift of mitochondria to the periphery was possibly due
to the release of electrons from their membranes. Latti
et al.®, had theorized the importance of buccal cells as
indicator tools in diabetes and this study also proves the
same as buccal cells provided a clear image of the free
mitochondrial behaviour in diabetes. Ravindran et al.'*
have shown that the mucins between the buccal cells
increased in diabetics and postulated that the number of
mitochondria in diabetic buccal cells may have an impact
due to the mucins and also found an association between
salivary glucose and mucins. This study partly alluded to
the findings of Ravindran et al.', due to the observations
which revealed that the number of mitochondria within
the buccal cells in this study correlated well with the
number of peripheral mitochondrial clumps and the
levels of HbAIC seen in diabetic individuals. Hence, it can
be said that an association exists between the levels of
advanced glycation and the levels of mitochondria and
that the end products of glycation could have induced
the mitochondria to emit the peripheral clumpy shift
signatures, along with comet trails, in response to a
sudden flow of negatively charged electrons when
bombarded with near infrared rays (Figure 2). The
schematic diagram in Figure 2. explains the reason for
mitochondrial clumps due to a negative charge boost of
electrons, which were observed in response to oxidative
stressors such as diabetes. The possible reasons could be
the oxygen glucose deprivation, as observed by Yu et al.”?,
in the cortical neurons of lower mammals, or could be
due to the rapid calcium influx in response to glycation
end products excited by infrared rays, as observed
by Barrett et al'® in lower mammals. The possible
explanations behind the formation of clumps and shifts
in mitochondria within the diabetic buccal epithelial cells
could either be due to dense electron-induced apoptotic
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trigger mechanisms that initiated when the mitochondria
try to align themselves to the infra-red rays to counter-
balance Earth’s magnetic field, or due to the triggering
of mitochondrial signaling pathways. These pathways are
initiated by upstream mitochondrial regulatory proteins
in response to glycosylation end products and oxidative
stress”®. The findings in our study partly alluded to the
excitatory findings of mitochondria in diabetic mammals
observed by other researchers. The clumpy peripheral
mitochondrial signatures with comet-Llike trails observed
by us in human diabetic cells after radiation were quite
unique, and could be used along with HbAIC levels in
inspecting the course of type 2 diabetes, as it is non-
invasive too.

CONCLUSIONS

Mitochondrial signatures in the form of peripheral
clumps were observed in diabetic buccal cells after
exposure to infrared rays. Intracellular mitochondrial
comet trails were noticed in advanced diabetic cells,
post-radiation. There was an overall decrease in free
mitochondrial countin diabetic buccal cells as compared
to controls. This spatial shift of mitochondrial dots could
serve as a guide to indicate the progression of diabetes in
collaboration with HbAIC levels.
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ABSTRACT

The transmembrane serine protease 2 (TMPRSS2) gene plays a crucial role
in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
by priming the viral spike protein for membrane fusion and facilitating viral
entry into host cells. This review aims to explore the molecular function of
TMPRSS2, its genetic variations, and its potential as a therapeutic target in
corona virus disease 2019 (COVID-19) and other respiratory viral infections.
TMPRSS2 is highly expressed in lung and prostate tissues and is regulated
by androgens, which may contribute to sex-based differences in COVID-19
severity. Genetic polymorphisms in TMPRSS2 have been been associated
with variability in disease susceptibility and severity across populations.
Several TMPRSS2 inhibitors, including serine protease inhibitors, such
as camostat mesylate and nafamostat, have demonstarted promise in
blocking viral entry. In addition, RNA based strategies such as siRNA and
clustered regularly interspaced short palindromic repeats offer potential
approaches for downregulating TMPRSS2 expression. However, the
development of selective inhibitors that avoid off target effects remains a
challenge. The presence of TMPRSS2-ERG gene fusion, commonly found
in prostate cancer, has also been linked to altered COVID-19 susceptibility,
suggesting a complex interplay between viral infection and cancer
biology. This review also discusses future perspectives, including large-
scale genomic studies to identify high-risk individuals, the development
of next-generation TMPRSS2 inhibitors, and potential broad-spectrum
antiviral therapies targeting TMPRSS2.

Keywords: Transmembrane serine protease 2, Severe acute respiratory
syndrome coronavirus 2, corona virus disease-2019, viral entry, therapeutic
targets

oz

Transmembran serin proteaz 2 (TMPRSS2) geni, membran fuzyonu
icin viral spike proteinini hazirlayarak ve konakgi hiicrelere viral girisi
kolaylastirarak siddetli akut solunum yolu sendromu koronaviriis
2 (SARS-CoV-2) enfeksiyonunda énemli bir rol oynar. Bu derleme,
TMPRSS2nin molekuler islevini, genetik varyasyonlarini ve
koronavirts hastaligi 2019 (COVID-19) ve diger solunum yolu viral
enfeksiyonlarinda terapétik bir hedef olarak potansiyelini arastirmayi
amaclamaktadir. TMPRSS2 akciger ve prostat dokularinda yiiksek
oranda eksprese edilir ve androjenler tarafindan dizenlenir, bu da
COVID-19 siddetinde cinsiyete dayali farkliliklara katkida bulunabilir.
TMPRSS2'deki genetik polimorfizmler, poptilasyonlar arasinda hastalik
duyarliigi ve siddetindeki degiskenlikle iliskilendirilmistir. Camostat
mesilat ve nafamostat gibi serin proteaz inhibitérleri de dahil olmak
lzere cesitli TMPRSS2 inhibitorleri, viral girisin bloke edilmesinde
umut vaat etmistir. Buna ek olarak, siRNA ve kiimelenmis diizenli
aralikli kisa palindromik tekrarlar gibi RNA tabanli stratejiler, TMPRSS2
ekspresyonunun asagl reglilasyonu igin potansiyel yaklasimlar
sunmaktadir. Bununla birlikte, hedef disi etkilerden kaginan segici
inhibitorlerin gelistirilmesi bir zorluk olmaya devam etmektedir.
Prostat kanserinde yaygin olarak bulunan TMPRSS2-ERG gen
fuzyonunun varligi da degismis COVID-19 duyarliligi ile baglantilidir
ve viral enfeksiyon ile kanser biyolojisi arasinda karmasik bir etkilesim
oldugunu distindirmektedir. Bu derlemede ayrica, ytksek riskli
bireyleri belirlemek icin blylk 6lcekli genomik ¢alismalar, yeni nesil
TMPRSS2 inhibitérlerinin  gelistirilmesi ve TMPRSS2'yi hedefleyen
potansiyel genis spektrumlu antiviral tedaviler de dahil olmak lzere
gelecege yonelik perspektifler tartisitlmaktadir.

Anahtar kelimeler: Transmembran serin proteaz 2, siddetli akut
solunum yolu sendromu koronavirtis 2, koronavirtis hastaligi 2019, viral
giris, terapotik hedefler
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INTRODUCTION

The  coronavirus disease 2019  (COVID-19)
pandemic, caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), has led to an
unprecedented global health crisis, affecting millions of
people worldwide'2. SARS-CoV-2 primarily targets the
respiratory system, with clinical manifestations ranging
from mild flu-like symptoms to severe pneumonia, acute
respiratory distress syndrome (ARDS), and multi-organ
failure. Despite extensive research on viral pathogenesis
and host-virus interactions, effective antiviral strategies
remain limited** One of the key factors influencing SARS-
CoV-2 infection is the host protease transmembrane
serine protease 2 (TMPRSS2) (Figure 1), which plays a
critical role in viral entry by facilitating spike (S) protein
priming and fusion with host cell membranes®.

TMPRSS2 is a TMPRSS2 encoded by the TMPRSS2
gene located on chromosome 21g22.36.

Its role in viral infections was first recognized in
influenza and other coronaviruses (e.g., SARS-CoV-1 and
MERS-CoV,), where it enhanced viral entry by cleaving
hemagglutinin (HA) and spike glycoproteins. In SARS-
CoV-2 infection, TMPRSS2 functions in conjunction with
angiotensin-converting enzyme 2 (ACE2), the primary
receptor for the virus. Upon binding of the viral S protein
to ACE2, TMPRSS2 cleaves the S1/S2 site, triggering
membrane fusion and viral entry, thereby bypassing the
endosomal pathway’.

Interestingly, TMPRSS2 is androgen-regulated,
which may explain sex-based differences in COVID-19
severity, with males exhibiting higher susceptibility and

Figure 1. Illustration of TMPRSS2 protein structure from
the PDB database.

TMPRSS2: Transmembrane protease serine 2, PDB: Protein
Data Bank
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worse outcomes than females. Furthermore, genetic
polymorphisms in TMPRSS2 have been associated with
variations in susceptibility to infection and severity
across different populations. Additionally, TMPRSS2-E26
transformation-specific-related gene (ERG) fusion,
commonly found in prostate cancer, has raised questions
about the potential link between cancer, androgen
signalling, and COVID-19 outcomes®.

The TMPRSS2 gene plays a critical role in SARS-CoV-2
infection by helping the virus enter human cells. It does
so by priming the viral spike protein, allowing it to fuse
with the host cell membrane. This process is androgen-
regulated, meaning it is influenced by male hormones. As
aresult, males tend to have higher levels of TMPRSS2 and
may experience more severe outcomes from COVID-19
compared to females. Additionally, genetic variations
in TMPRSS2 have been linked to differences in how
individuals respond to the virus, with some populations
being more susceptible to infection or severe disease®.

An important genetic alteration associated with
prostate cancer is the TMPRSS2-ERG fusion, where the
TMPRSS2 gene fuses with the ERG gene. This fusion leads
to overexpression of the ERG protein, which contributes
to prostate cancer progression’. Since TMPRSS2 is
essential for SARS-CoV-2 entry into cells, the TMPRSS2-
ERG fusion could increase the susceptibility of prostate
cancer patients to COVID-19, as they may have higher
levels of TMPRSS2 expression. This potential link between
prostate cancer, androgen signaling, and COVID-19
severity has raised important questions©". Prostate
cancer therapies, such as androgen deprivation therapy
(ADT), may affect the immune system and influence how
patients respond to viral infections like SARS-CoV-2.
Understanding how the TMPRSS2-ERG fusion impacts
both cancer and COVID-19 can help identify high-risk
patients and inform potential treatment strategies'.

Given the critical role of TMPRSS2 in viral entry,
it has emerged as a promising therapeutic target for
COVID-19. Several pharmacological inhibitors-including
serine protease inhibitors such as camostat mesylate
and Nafamostat-have demonstrated the ability to block
TMPRSS2-mediated SARS-CoV-2 entry®. Additionally,
RNA-based approaches, such as siRNA and clustered
regularly interspaced short palindromic repeats-
associated protein 9 (CRISPR)-Cas9, have been explored
to downregulate TMPRSS2 expression. However,
challenges remain in developing selective inhibitors that
minimize off-target effects because TMPRSS2 also plays
a physiological role in lung homeostasis.



This review aims to provide a comprehensive overview
of TMPRSS2 in the context of SARS-CoV-2 infection,
including its molecular function, genetic variability, and
potential as a therapeutic target. We discuss emerging
research on TMPRSS2 inhibitors, the impact of genetic
polymorphisms on COVID-19 susceptibility, and future
perspectives on targeting TMPRSS2 for broad-spectrum
antiviral therapy. Understanding the interplay between

TMPRSS2 and SARS-CoV-2 may provide new insights
into the disease mechanisms and pave the way for
effective therapeutic interventions.

Structure and Function of TMPRSS2

The TMPRSS2 gene encodes a TMPRSS2 that plays
a crucial role in various physiological and pathological
processes, including viral infections and cancer
progression'. This gene is highly expressed in epithelial
tissues, particularly in the lungs, prostate, gastrointestinal
tract, and kidneys, making it a key factor in respiratory
viral infections®.

TMPRSS2 is a membrane-bound serine protease that
consists of several structural domains (Figure 2). The
cytoplasmic domain (N-terminal region) is responsible
for intracellular signalling. The transmembrane domain
anchors proteins to the plasma membrane. The low-
density lipoprotein receptor class A domain is thought
to facilitate protein-protein interactions. The scavenger
receptor cysteine-rich domain may be involved in ligand
binding. A serine protease catalytic domain (C-terminal
region) is responsible for cleaving and activating
substrates, including viral glycoproteins'®. The catalytic
activity of TMPRSS2 depends on a conserved histidine
(H), aspartic acid (D), and serine (S) catalytic triad, which
is characteristic of serine proteases”.

Cytoplasmic domain
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Beyond its involvement in viral infections, TMPRSS2
plays important roles in normal physiological processes.
Particularly in lung homeostasis, TMPRSS2 is expressed
in alveolar epithelial cells, where it regulates epithelial
sodium channels, which are critical for lung fluid balance'™.
TMPRSS2 is recognized for its regulation by androgens,
particularly in the prostate, where its abnormal activity,
such as fusion with the ERG oncogene, has been
associated with the progression of prostate cancer. This
regulation is mediated by the androgen receptor (AR)®.
When androgens bind to AR, the complex translocates
to the nucleus and enhances TMPRSS2 transcription by
interacting with specific androgen-responsive elements
within the gene's promoter region?°. Although TMPRSS2
is clearly androgen-responsive, current evidence does
not confirm whether postmenopausal women exhibit
increased TMPRSS2 expression in the respiratory
tract?. Nevertheless, the decline in estrogen levels after
menopause may alter immune function, potentially
affecting the response to viral infections. Further
investigation is required to clarify TMPRSS2 expression
patterns and their implications in this population?22,
TMPRSS2 expression in the gastrointestinal tract suggests
a possible involvement in the regulation of digestive
processes, while its presence in endothelial cells points
to a potential role in maintaining vascular integrity and
homeostasis?*2>,

TMPRSS2 in SARS-CoV-2 Infection

TMPRSS2 plays a crucial role in the early stages
of SARS-CoV-2 infection by facilitating viral entry
into the host cells (Figure 3). SARS-CoV-2, like other
coronaviruses, relies on host proteases to cleave its spike
(S) glycoprotein, which enables fusion with the host cell
membrane. The viral spike protein is composed of two
subunits: S1, which is responsible for receptor binding,

Extracellular domain

™ LDLRA SRCR

Serine Protease
domain

84 105 113 148 150

Figure 2. TMPRSS2 structural domains.

242 255 H296 D345 S441 489

TMPRSS2: Transmembrane protease serine 2, LDLRA: Low-density lipoprotein receptor class A, SRCR: Scavenger Receptor

Cysteine-Rich
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Spike s1

SARS-CoV-2
with spike Spike s2
protein

@) Activated by TMPRSS2

ACE2 TMPRSS2

O Binding

Figure 3. Illustration of TMPRSS2 protein structure from
the PDB database.

TMPRSS2: Transmembrane protease serine 2, PDB: Protein
Data Bank, ACE2: Angiotensin-converting enzyme 2, SARS-
CoV-2: Severe acute respiratory syndrome coronavirus 2

and S2, which mediates membrane fusion. TMPRSS2
specifically cleaves the S1/S2 junction and the S2’ site
of the spike protein, which is essential for viral-host
membrane fusion and subsequent viral RNA release into
the cytoplasm'™.

SARS-CoV-2 primarily uses the ACE2 receptor for
host cell attachment. The interaction between the viral
receptor-binding domain of ST and ACE2 is a prerequisite
forinfection. However, ACE2 binding alone is not sufficient
for viral entry, and proteolytic activation of the spike
protein is required to expose the fusion peptide. TMPRSS2
cleaves and activates the spike protein at the cell surface,
enabling direct fusion of the viral and host membranes,
bypassing the need for endosomal processing'®.

Inthe absence of TMPRSS2, SARS-CoV-2 canentercells
via an alternative endosomal pathway that is mediated by
cathepsin L/B. However, thisroute is generally less efficient
and is more dependent on endosomal acidification.
Studies have shown that TMPRSS2-expressing cells have
significantly higher viral infectivity compared to those
relying on cathepsins alone’. This explains why inhibitors
of TMPRSS2, such as Camostat mesylate, effectively block
SARS-CoV-2 infection, whereas cathepsin inhibitors have
limited efficacy.

Notably, TMPRSS2 expression is regulated by
androgens, leading to higher expression levels in males
compared to females. This may contribute to the
observed sex-based differences in COVID-19 severity,
with males experiencing higher rates of severe disease
and mortality. Studies suggest that ADT, commonly used
in prostate cancer treatment, may reduce TMPRSS2
expression and lower COVID-19 severity in prostate
cancer patients?.

Additionally, TMPRSS2 expression levels increased
with age, particularly in lung tissue. This may partially
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explain why older individuals are more susceptible to
severe SARS-CoV-2 infections, as higher TMPRSS2 levels
can enhance viral entry and replication.

TMPRSS2-Mediated SARS-CoV-2 Pathogenesis

In addition to viral entry, TMPRSS2 may contribute to
COVID-19 severity by promoting viral spread and tissue
damage. Infected epithelial cells undergo apoptosis and
inflammatory cytokine release, exacerbating lung injury
and leading to ARDS in severe cases”’. TMPRSSZ's role
in facilitating direct viral entry rather than endosomal
processing may also influence immune evasion strategies
employed by SARS-CoV-2.

The role of TMPRSS2 is not unique to SARS-CoV-2;
it also plays a crucial role in other coronaviruses. Similar
to SARS-CoV-2, SARS-CoV-1 utilizes TMPRSS2 for spike
protein activation and cell entry. TMPRSS2 inhibition
reduces SARS-CoV-1 infectivity. Unlike SARS-CoV-2,
MERS-CoV primarily binds to dipeptidyl peptidase 4
instead of ACE2. However, TMPRSS2 is still involved in
spike protein priming, playing a role in viral tropism and
pathogenesis®. TMPRSS2 also activates the HA protein
of influenza A virus, facilitating viral entry into host
cells. This highlights its broad role in respiratory viral
infections, making it an attractive antiviral target beyond
coronaviruses.

Genetic Variability and Population Susceptibility

Genetic variation in TMPRSS2 has been implicated
in the differential susceptibility to SARS-CoV-2
infection and COVID-19 severity across populations.
Polymorphisms in TMPRSS2 can influence its expression
levels, enzymatic activity, and interaction with the viral
spike protein, affecting viral entry efficiency and disease
outcomes (Table 1)'62%-3,

Several single-nucleotide polymorphisms (SNPs) in
TMPRSS2 have been identified as potential modulators
of SARS-CoV-2 infection. Genome-wide association
studies have revealed that variants such as rs2070788
and rs383510 are associated with increased expression
of TMPRSS2 in lung tissues, potentially enhancing viral
entry and increasing disease severity'e. Conversely, certain
loss-of-function mutations may confer partial resistance
to SARS-CoV-2 by reducing TMPRSS2-mediated spike
protein cleavage®.

A study by Asselta et al.? reported that the rs12329760
(V1I60M) SNP, a missense variant in TMPRSS2, is
associated with reduced proteolytic activity, potentially
leading to lower viral entry efficiency and milder
COVID-19 symptoms. This variant is more prevalent in
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Table 1. Key TMPRSS2 polymorphisms and their association with COVID-19.
. Effect on .
Study SNP (rsID) Variant | ryppgsy | Population jlmpacton COVID-19 | 1\ 1ocus
type . distribution | susceptibility/severity
expression
rs464397, Increased Hich in Higher risk of severe
rs469390, Upstream | TMPRSS2 g COVID-19 due to chromosome
Hoffmann et al.' (2020) . . Europeans ) .
rs383510 and variant expression and Africans increased viral entry 21922.3,
rs2070788 in lungs efficiency
rs2285666 Increased
(c.439+4G>A) Upstream High in Higher susceptibility to -
29
Asselta et al* (2020) and rs35803318 | variant -er:‘ IT'ZsSsSizn Europeans SARS-CoV-2 infection Xp22 inintron 3
(pVal749Val) P
Reduced Potential protective
Irham et al3° (2020) rs12329760 Mlsser?se TMPRSS2 Commc?n n effect, lower viral entry | chr21:41480570
(pVall60Met)) | mutation | protease East Asians -
L efficiency
activity
Alters
. Higher in Possible role in
Adli et al¥' (2022) rs75603675 Missense | TMPRSS2 ¢ i1 Acian | modifying COVID-19 | chr21:41507982
(p.Gly197Ser) mutation | enzymatic -
o populations | outcomes
activity
Zeberg and Paabo* rs8134378 Intronic 'IA'\::(IE’CI;;SZ 2;‘:’22;: Egﬁgfgs:::;sein Intron 6,
(2020) (c.585+312T>C) | variant ; ) . chr21:41521831
regulation populations | some studies
Present in
Alters . Associated with lung
Daniloski et al* (2020) | 39074065 e~ | Regulatory | pppqq, | multiple tissue expression chr21:41461593
74+475A>G) variant - ethnic N
transcription variability
groups
COVID-19: Corona virus disease 19, TMPRSS2 The transmembrane serine protease 2, SNP: Single-nucleotide polymorphisms

East Asian populations, suggesting potential population-
level differences in COVID-19 susceptibility®*. Studies
have shown that TMPRSS2 expression varies significantly
across ethnic groups, which may contribute to disparities
in COVID-19 severity. For instance, higher expression
levels have been reported in European and African
populations compared to East Asians, correlating
with the prevalence of high-expression SNPs such as
rs207078824. This could partly explain the observed
differences in COVID-19 hospitalization and mortality
rates among different ethnic groups®.

Furthermore, variations in TMPRSS2 expression
were influenced by the local genetic landscape and
evolutionary pressure. The high prevalence of specific
TMPRSS2 SNPs in certain populations may reflect
historical adaptation to past pandemics involving
coronaviruses or other respiratory pathogens®2.

Androgen Regulation and Sex-Based Differences

Sex-based disparities in COVID-19 outcomes have
beenwidely documented, with males experiencing higher
mortality rates than females®. One contributing factor is
the androgen-regulated expression of TMPRSS2, which
is significantly upregulated in male tissues, including

the lungs and prostate®. The androgen response
element within the TMPRSS2 promoter region enhances
its transcriptional activity in response to circulating
testosterone levels, leading to higher expression in
males®’.

This regulation may provide a mechanistic explanation
for the higher disease severity observed in male subjects.
In contrast, female sex hormones such as estrogen have
been suggested to downregulate TMPRSS2 expression,
potentially offering a protective effect®. Clinical trials
have explored the use of ADT to reduce TMPRSS2
expression and mitigate COVID-19 severity in high-risk
male populations®.

Cancer-Related Gene Fusions and Their Potential
Role in COVID-19 Susceptibility

Gene fusions, such as the TMPRSS2-ERG fusion
commonly observed in prostate cancer, have been linked
to altered TMPRSS2 expression, potentially affecting
viral entry and increasing susceptibility to SARS-CoV-2%.
However, gene fusions are not exclusive to prostate
cancer. Similar alterations have been observed in other
cancers, including lung, breast, and cholangiocarcinoma,
where changes in TMPRSS2 expression could influence
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COVID-19 outcomes*#. While cancer-related gene
fusions may contribute to altered immune responses, the
direct connection between these fusions and COVID-19
severity remains an area of ongoing research*,

Patients with cancers, particularly aggressive or
metastatic types, are generally at higher risk for severe
COVID-19 outcomes due to factors such as immune
dysregulation, tumor microenvironment, and pre-
existing comorbidities. However, further studies are
needed to clarify whether specific gene fusions in various
cancers contribute directly to SARS-CoV-2 susceptibility
or severity*+,

TMPRSS2 as a Therapeutic Target

GivenitscriticalroleinSARS-CoV-2entry, TMPRSS2has
emerged as a promising therapeutic target for COVID-19
treatment. Unlike endosomal entry mechanisms that rely
on cathepsins, TMPRSS2-mediated viral entry occurs at
the plasma membrane, facilitating direct fusion of the
viral envelope with the host cell membrane. Blocking
TMPRSS2 activity effectively prevents spike protein
cleavage, thereby inhibiting viral entry and reducing
infection rates. Unlike ACE2, which has essential
physiological functions in the renin-angiotensin system,
TMPRSS2 is a non-essential protease, making it a safer
therapeutic target with fewer systemic side effects'.

Several serine protease inhibitors have been
investigated for their ability to block TMPRSS2 activity
and prevent SARS-CoV-2 infections. Camostat mesylate,
a synthetic serine protease inhibitor, was initially
developed for the treatment of chronic pancreatitis
and postoperative reflux esophagitis. It has been shown
to effectively inhibit TMPRSS2-mediated spike protein
priming and prevent SARS-CoV-2 entry in vitro. Early
clinical trials suggested that Camostat mesylate might
reduce viral load and improve outcomes in COVID-19
patients. However, its short half-life and need for frequent
dosing present limitations for clinical use“.

Nafamostat, a structurally related serine protease
inhibitor, exhibited higher potency than camostat in
inhibiting TMPRSS2 activity. Due to its strong anti-
coagulant properties, it has been explored as a dual
therapy for COVID-19 patients with thrombotic
complications. Nafamostat efficiently blocks spike
protein processing at nanomolar concentrations, and has
demonstrated promising results in preclinical studies.
However, intravenous administration and potential
bleeding risks limit its widespread use®.

Bromhexine, an over-the-counter mucolytic drug,
has been identified as an indirect TMPRSS2 inhibitor. It
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reduces TMPRSS2 expression, and has been shown to
be effective in decreasing viral replication in preliminary
studies. While promising, further clinical validation is
required to establish its role in COVID-19 treatment®.

Gene-silencing technologies offer an alternative
approach to inhibiting TMPRSS2, reducing its expression
rather than directly targeting its enzymatic activity;
siRNA-based therapeutics can selectively degrade
TMPRSS2 mRNA, reducing protein expression and
preventing SARS-CoV-2 entry. Several in vitro studies
have demonstrated that TMPRSS2-targeting siRNAs
effectively suppress viral infection. However, challenges
such as efficient delivery, stability, and potential off-
target effects remain significant barriers to clinical
application®.

CRISPR-Cas9 and CRISPR interference (CRISPRI)
technologies have been explored for the selective
knockdown of TMPRSS2 expression. These genome-
editing approaches could provide long-term resistance
against coronaviruses, but face regulatory and ethical
challenges before clinical translation®.

Because TMPRSS2 is regulated by androgens,
hormonal modulation has been proposed as a strategy
to reduce its expression and limit SARS-CoV-2 infection.
ADT, which is commonly used for prostate cancer, has
been suggested as a potential strategy for reducing
TMPRSS2 expression in COVID-19 patients. Drugs, such
as bicalutamide and enzalutamide, which inhibit AR
signaling, have shown promise in reducing TMPRSS2
levels in lung tissues. Retrospective studies have
suggested that prostate cancer patients receiving ADT
have lower rates of severe COVID-19. However, broader
clinical trials are needed to validate these findings®.

Finasteride and dutasteride, used to treat benign
prostatic hyperplasia, inhibit 5-alpha reductase, an
enzyme that converts testosterone to its more active
form, dihydrotestosterone (DHT). By lowering the DHT
levels, these drugs may indirectly reduce TMPRSS2
expression and viral entry. Clinical trials are currently
underway to assess their efficacy against COVID-19.
Several Food and Drug Administration-approved drugs
have been investigated for TMPRSS2 inhibition, and
aprotinin has shown efficacy in inhibiting SARS-CoV-2
entry. Aprotinin is a protease inhibitor used in surgeries
to reduce bleeding. E-64d, a cathepsin inhibitor, has
been explored in combination with TMPRSS2 inhibitors
to block both the membrane fusion and endosomal
viral entry pathways. While TMPRSS2 inhibitors prevent
membrane fusion, ACE2-based therapies, such as soluble
ACE2 decoys, can block viral attachment. Combining



TMPRSS2 inhibition with ACE2 blockade may enhance
antiviral efficacy®.

Challenges and Future Directions

Despite the promise of TMPRSS2 inhibitors, several
challenges remain to be overcome. Selective inhibition:
TMPRSS2 plays physiological roles in lung function, and
complete inhibition may have unintended side effects.
The development of highly selective inhibitors that
target viral entry while preserving normal lung function
is crucial. Delivery mechanisms: RNA-based therapies
require efficient delivery systems that target lung
epithelial cells. Advances in nanoparticle and lipid-based
delivery systems could improve their clinical feasibility®.

Clinical validation: many TMPRSS2 inhibitors have
shown efficacy in preclinical models, but large-scale
clinical trials are required to confirm their safety and
effectiveness in COVID-19 patients. Broad-Spectrum
Antiviral potential: since TMPRSS2 also facilitates
infection by other coronaviruses (e.g., SARS-CoV-I,
MERS-CoV) and influenza viruses, developing TMPRSS2-
targeting drugs could provide protection against future
pandemics'.

CONCLUSION

TMPRSS2 plays a pivotal role in the pathogenesis
of SARS-CoV-2 by facilitating viral entry through the
cleavage of the spike protein. Its expression in lung and
prostate tissues, combined with androgen regulation, may
explain the sex-based differences in COVID-19 severity.
Genetic variants of TMPRSS2 contribute to the variability
in disease susceptibility and severity, highlighting the
need for personalized therapeutic strategies. Several
TMPRSS2 inhibitors, including serine protease inhibitors
such as Camostat mesylate and Nafamostat, show
promise in clinical trials for reducing viral entry and
infection. Additionally, RNA-based approaches, such
as siRNA and CRISPR, offer potential strategies for
downregulating TMPRSS2 expression. The association of
TMPRSS2 with prostate cancer underscores its dual role
in viral infection and cancer biology, suggesting broader
therapeutic implications. Future research should focus
on large-scale genomic studies to identify high-risk
populations and develop selective TMPRSS2 inhibitors.
These efforts will be key to advancing antiviral therapies
for COVID-19 and preparing for future pandemics
involving similar respiratory viruses. Targeting TMPRSS2
offers a promising approach for managing COVID-19 and
other viral infections.

Koyou et al. TMPRSS2 in SARS-CoV-2 infection
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Case Report

Refractory Infantyl Chylous Ascites Treatment by Everolimus
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ABSTRACT

The accumulation of lymphatic fluid in the abdomen is defined as
chylous ascites. Different causes play a role in the etiology of the disease.
Congenital anomalies are the most common cause in pediatric patients.
A high protein, low fat diet rich in medium-chain fatty acids should be
planned. The first-line treatment is dietary management and is total
parenteral nutrition, and the first preferred medical agent is somatostatin.
In patients who do not respond to standard treatments, surgical treatment
or new limited alternative medical agents are applied. A six-month-old
girl presented with a complaint of abdominal swelling was diagnosed with
chylous acid. The patient was put on the standard nutritional therapy and
somatostatin treatment but did not respond to these treatments. The
chylous ascites was controlled with everolimus treatment.

Keywords: Infantile chylous ascites, everolimus, medical treatment

oz

Karinda lenfatik sivi birikimi sildz asit olarak tanimlanir. Etiyolojide
farkli nedenler rol oynamaktadir. Konjenital anomaliler pediyatrik
hastalarda en sik neden olan etiyolojidir. Yiiksek proteinli, disik yagli
ve orta zincirli yag asitlerinden zengin bir diyet planlanmalidir. itk
basamak tedavi diyet yonetimi ve toplam parenteral beslenme olup,
ilk tercih edilen medikal ajan somatostatindir. Standart tedavilere
cevap vermeyen hastalarda cerrahi tedavi veya yeni sinirli alternatif
medikal ajanlar tedavi igin uygulanmaktadir. Alti aylik kiz hasta
karinda sislik sikayeti ile basvurdu ve sildz asit tanisi konuldu. Hastaya
standart beslenme tedavisi ve somatostatin tedavisi baslandi, ancak
bu tedavilere yanit vermedi. Siléz asit everolimus tedavisi ile kontrol
altina alindu.

Anahtar kelimeler: infantil siloz assit, everolimus, tedavi

INTRODUCTION

Ascites is the collection of fluids in the abdominal
cavity. It can occur in the intrauterine period and
postnatally during childhood. There are many causes
of chylous ascites. Chronic liver disease and cirrhosis
are known to be the primary causes of liver-related
health issues in children'. Chylous ascites is a rare type
of ascites. Its reported incidence at a large university-
based hospital over a 20 year period is approximately 1
in 20,000 admissions? It may develop due to congenital
malformations, lymphangiomatosis (LAM), peritoneal
bands, tumors, and chronic inflammatory processes in
the intestines. Changes in nutritional management, total

parenteral nutrition (TPN), and somatostatin therapy are
preferred as first-line treatment. In patients refractory to
these treatments, surgical treatments and new medical
agents are considered. In this case report, the diagnosis
and treatment with everolimus of a six-month-old girl
with refractory chylous ascites is presented.

CASE REPORT

The parents of patient have signed consent to
publication form and the form is held by our institution.

A six month old baby girl was brought in with
abdominal swelling for one month. At the time of
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her admission, she had a sickly appearance. In the
physical examination, her abdomen was observed to be
distended. Her body weight was 7,600g (50-75 p); her
height was 60 cm (<3 p). Her vital signs were compatible
with her age, and she was hemodynamically stable.
Her laboratory findings were shown in Table 1. Free
fluid was observed in abdominal ultrasonography. No
pathology was seen in portal Doppler ultrasonography,
abdominal magnetic resonance imaging (MRI), and
MRI angiography, except diffuse intraabdominal fluid.
After diagnostic paracentesis, the triglyceride level in
the fluid was found to be 1.274 mg/dL. Chylous ascites
was thus defined. In etiology, conditions such as trauma,
surgical conditions, malignancy, infections, and heart
diseases were excluded. For etiological investigation,
lymphoscintigraphy was performed. With the patient’s
clinical, laboratory, and paracentesis findings, the intra-
abdominal fluid detected was evaluated as chylous by
the medical team. However, due to the young age of the
patient and technical conditions in lymphoscintigraphy,
the focus of lymphatic leakage could not be clearly
demonstrated (Figure 1). Malrotation was also not
detected in the small intestine passage radiography.
The patient’s oral nutrition was discontinued and TPN
was started. Somatostatin analogs were added to the
treatment at 1 mcg/kg/hour intravenously. In the follow-
up, nutrition was started with a formula rich in medium-
chain fatty acids. As the abdominal distension increased
and tachypnea developed in the follow-up period, the
chylous fluid was drained with several paracenteses. The
chylous acid increase continued intermittently, and the
patient developed hypoalbuminemia. Because of acid
refractoriness, somatostatin analog therapy was gradually
increased to 7 mcg/kg/hour. Intermittently, on the basis
of case monitoring, the peritoneal fluid was drained
through a catheter, albumin support was provided, and
the patient’s daily weight and waist circumference were
monitored. The TPN support was continued, but the
oral nutrition was partially replaced with a special lipid-
free formula supported by medium-chain triglyceride
oil. As the patient’s acid regressed in the 6 week, her

Baran et al. Everolimus Treatment in Chylous Ascites

dose was gradually decreased to 4 mcg/kg/h. After the
somatostatin dose reduction, the fluid around the
abdomen was observed to have increased. Upon re-
evaluation through lymphoscintigraphy, the site of lymph
leakage into the abdomen was not detected. The patient
was thus evaluated as needing pediatric surgery due to
the treatment-resistant prognosis and the discovery of
the lymph leakage focus. However, surgical intervention
was not considered due to surgical difficulties owing to
the persistence of intraabdominal diffuse ascites. The
somatostatin treatment was increased again, and oral
nutrition had to be discontinued intermittently. Since
the desired improvement was not achieved with the
standard treatments, everolimus was started at week
12. TPN was eventually stopped due to the reduction
of the patient’s ascites, and the somatostatin infusion
was tapared for four weeks following everolimus

administration. After the first month of everolimus
treatment, the somatostatin dose was reduced to 1 mcg/
kg/day, and subcutaneous treatment was started. In the
16" week, the patient was followed up as an outpatient,
and ultrasonography was conducted. The somatostatin

Figure 1. Normal findings in lymphoscintigraphy image
of the patient.

oral nutrition was increased and the somatostatin
Table 1. Laboratory findings of patient.
Hemoglobin 1.4 gr/dL Triglyceride | 327 mg/dL | GGT 24 U/L Creatinine 0.4 mg/dL
Leukocyte 5300/mm? Albumin 4.1 g/dL ALP 180 U/L Sedimentation | 11 mm/h
Platelets 391,000/mm? | LDH 475 U/L Total bilirubin 0.75mg/dL | IgG 072 ¢g/L
C-reactive protein | 2.8 mg/L Sodium 133 mmol/L | Direct bilirubin | 0.06 mg/dL | IgM 0.33g/L
ALT 57 U/L Potassium 4.6 mmol/L | EBV Negative IgE 11 1U/mL
AST 141 U/L Magnesium | 2.6 mg/dL CMV Negative IgA 0.26 g/L
ALT: Alanine aminotransferase, AST: Aspartate transferase, LDH: Lactate dehydrogenase, GGT: Gamma-glutamyl transferase, ALP: Alkaline phosphatase,
EBV: Epstein-Barr virus, CMV: Cytomegalovirus, Ig: Immunoglobulin
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treatment was discontinued in the 20* week. Treatment
with everolimus was continued for twenty-four-months.
No recurrence of acid was observed in the patient. No
drug-related adverse events were observed during follow-
up. The patient is now 6-years-old, and no recurrence
was found (the parents of patient have sighed consent to
publication form and the form is held by our institution).

DISCUSSION

Chylous ascites, which commonly occurs during
the neonatal period but can also be seen in infancy,
has many possible etiologies. Congenital etiologies,
including lymphatic hypoplasia or dysplasia, such as LAM
and intestinal lymphangiectasia, are the most common
causes of chylous ascites in the paediatric population'.
In children, chylous ascites can also be secondary to
an operation, blunt trauma, a traffic accident, or child
abuse'. The etiology, however, is not always evident.
Diagnostic paracentesis is essential in identifying the
etiology. The presence of a milky, creamy ascitic fluid with a
triglyceride content of 200 mg/dL establishes the diagnosis
of chylous ascites, although some authors use a threshold of
110 mg/dL3. Lymphoscintigraphy, lymphangiogram, or
surgical laparotomy can be used as diagnostic methods.
The nutritional approach should be the primary agent
in chylous ascites management. A high-protein/low fat
diet rich in medium-chain fatty acids is essential. In cases
where there is no response to enteral feeding, however,
feeding with TPN should be started. In the treatment
of chylous ascites in children and adults, octreotide, a
somatostatin analogue, has been used as an adjunct to
TPN. The mechanism of action in chylous acid is not
clearly known. Somatostatin reduces fat absorption
from the intestine, lowers triglycerides in the thoracic
duct, reduces lymph flow in the main ducts, and also
decreases gastrointestinal secretions and motor activity?.
The success rates of nutritional therapy and somatostatin
treatment can be found in the literature, mostly in cases
of chylothorax and chylous ascites?*.

The mammalian target of rapamycin (mTOR) is a
serine/threonine kinase regulated by phosphoinositide-
3-kinase, and is involved in a number of cellular
processes, including cellular catabolism and anabolism,
cell motility, angiogenesis, and cell growth. Sirolimus
was recently reported to reduce refractory chylothorax
and chylous ascites in patients with LAM. This effusion
was ameliorated by the administration of octreotide, a
somatostatin analog peptide, in addition to sirolimus.
Some reports have shown that chylous effusion was
ameliorated by sirolimus®. Everolimus is also an mTOR
inhibitor and is a sirolimus derivative, but has fewer side
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effects. Its bioavailability is higher than that of sirolimus,
and its half life is short. In cases where the focus of lymph
leakage had been identified, surgical repair with glubran
or cautery was successfully performed. In our patient, the
location of the lymph leakage could not be determined
by lymphoscintigraphy and no lymphangioma was found
but the lymph leakage with lymphatic ascites responded
to everolimus treatment. Therefore, we recommend the
use of alternative and successful treatments such as
everolimus and sirolimus before the surgical approach
considering the possible surgical complications in the
concerned childhood age group, and particularly in
the patient group whose lymph leakage focus has not
been found, we recommend the use of alternative and
successful treatments such as everolimus and sirolimus
before the surgical approach. Cases of chylous ascites
and lymphedema due to sirolimus treatment after organ
transplantation have been reported in literature®. It is
remarkable that these side effects related to treatment,
are observed especially in patients who underwent
surgeries such as organ transplantation. The mechanism
of sirolimus action is unclear, but it may be related to the
disruption of the proliferative signals that are necessary
for sealing the perivascular lymphatics and for promoting
wound healing’. Its treatment effects are thought to be
due to the angiogenic properties of both agents. This
treatment was found to be appropriate in our patient
with congenital chylous ascites without any previous
surgery. After the treatment, the patient was closely
monitored for side effects. No drug-related adverse
events were observed during follow-up. Somatostatin
treatment was stopped after two months of everolimus
treatment. The patient’'s clinical and laboratory
parameters were followed up using imaging methods,
and no recurrence of the ascites occurred during the
twenty-four-month follow-up after the discontinuation
of everolimus. The use of everolimus for the treatment of
congenital lymphatic disorders such as chylous ascites,
which is resistant to diet and somatostatin treatment,
should therefore be considered?.

CONCLUSION

Although dietary management and TPN are the
first-line treatments for chylous ascites, there are cases
that benefit from somatostatin treatment. In cases of
refractory chylous ascites, as in our patient, alternative
treatment is needed. Among these treatments, sirolimus
has been shown in the literature to be effective. This case
has shown, that Everolimus would also be an alternative
treatment method in refractory chylous ascites.
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Letter to the Editor

Can Pirfenidone and Nintedanib Be Alternative Treatment
Options for Radiation Pneumonitis?

Pirfenidon ve Nintedanib Radyasyon Pnémonisi icin Alternatif Tedavi

Secenekleri Olabilir mi?
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Dear Editor,

Radiation-induced pneumonitis (RP) is an early event
observed in most patients exposed to radiation, typically
occurring within 2-4 months after treatment and
potentially leading to fibrosis'. While clinical observation
is recommended for mild symptoms of radiation
pneumonitis, systemic steroid therapy is advised for
symptomatic patients, provided that lung infection
is excluded® In cases where there is no response to
systemic steroid therapy, treatments such as azathioprine,
cyclosporine, amifostine, and pentoxifylline can be
attempted. We achieved near-complete improvement
in symptoms, high-resolution computed tomography
(HRCT) images, and pulmonary function test parameters,
in two patients who developed radiation pneumonitis
following radiotherapy (RT) for breast cancer and lung
cancer by administering nintedanib and pirfenidone
treatments.

Patient 1: A 64-year-old patient with squamous
cell carcinoma of the lung had a primary lesion in
the upper lobe of the left lung. After six courses of

chemotherapy, a complete response was not achieved,
so RT was administered for 20 days. Post-RT, the patient
complained of cough and dyspnea, and thoracic CT
revealed radiation pneumonitis. Despite treatment with
a steroid dose of 1 mg/kg/day, there was no regression
or improvement in symptoms. By the end of the first
month, the prednisolone dose was reduced to 16 mg/
day, and additionally, oral nintedanib 150 mg twice daily
was initiated. After the commencement of nintedanib
therapy, there was a significant improvement in cough
and dyspnea. The prednisolone dose was tapered and
eventually discontinued. Nintedanib treatment was
discontinued after two months. Upon evaluation with
control HRCT at the end of the third month, almost
complete regression of the parenchymal changes was
observed compared to the initial treatment (Figure 1).
The improvement in pulmonary function parameters is
shown in Table 1.

Patient 2: A 68-year-old female patient diagnosed
with left breast cancer had been started on 1 mg/kg/day
steroid therapy due to paclitaxel-induced lung injury
during chemotherapy. After the symptoms related to
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the drug-induced lung injury regressed, RT was initiated
while the patient was on 16 mg/day prednisolone
therapy. Upon the detection of an increase in symptoms
following RT, HRCT revealed findings of radiation
pneumonitis in both lungs, more pronounced on the left
side. Pirfenidone at a dose of 4x600 mg was added to the
prednisolone therapy. After two months of treatment,
control HRCT revealed that the parenchymal lesions
had nearly completely resolved, corresponding with a
reduction in symptoms (Figure 2). The improvement in
pulmonary function parameters is shown in Table 1.

A murine study with the multi-kinase inhibitor
nintedanib, described as a treatment to prevent RP and
reduce lung fibrosis incidence, nintedanib’s efficacy in

z

Figure 1. Patient diagnosed with squamous cell
carcinoma of the left lung. Significant improvement in
the parenchyma is observed following the addition of
nintedanib to prednisolone therapy post-RT.

LA

4

Figure 2. Patient diagnosed with left breast cancer.
Improvement in lung parenchyma is observed following
pirfenidone therapy in a patient who developed
radiation pneumonitis while receiving steroid therapy.

RT: Radiotherapy

1

Table 1. FVYC and DLCO parameters of the patients
before and after treatment.

Pre-treatment Post-treatment

Patient 1

FVC Liter (%) 1.90 (58) 2.30(72)
DLCO (%) 72 86
Patient 2

FVC Liter (%) 1.38 (49) 2.12 (76)
DLCO (%) 80 19

FCV: Forced vital capacity, DLCO: Diffusing lung capacity for carbon

monoxide

reducing interstitial edema, interstitial and perivascular
fibrosis, inflammation, and vasculitis®. As for pirfenidone,
there is only one subjective study available in literature,
which reports a reduction in symptoms'. We did not
find any literature data indicating improvements in
radiological and pulmonary function parameters with
pirfenidone treatment in RP. Based on our review of the
literature, we are presenting real-life data for the first
time, demonstrating that nintedanib and pirfenidone are
effective treatment options in the management of RP.
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