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ABSTRACT
Corresponding author: Breast cancer screening is one of the most important secondary
prevention strategy when effective, but participation rates varies
Associate Professor Marko Spasic, MD, PhD, across different health systems around the globe. Barriers to ef-
General and Breast Surgeon fective screening are multifactorial and overlapping. Using

PRISMA-ScR, a scoping review was conducted, using Pub-
Med/MEDLINE, Scopus, and Web of Science databases, related
to breast cancer, screening programmes and barrier. Studies,
published between 2000 and 2025, examining constrains for suc-
cessful screening coverage, that met inclusion criteria were ana-
lysed, while diagnostic imaging, high risk population assessment
E-mail: drmspasic@gmail.com and treatment/follow up strategies were excluded. From 2,262 in-
itially included records, 103 studies were eligible — most of them
originated from Europe 43.7%, then North America 34.0%, Asia—
Pacific 20.4% while no studies were conducted exclusively in Af-
rican continent. Analysis showed predomination of studies with
quantitative designs - 68.9%. Almost half of studies were focused
on organized screening (48.5%), 22.3% opportunistic screening,
while others represented mixed/unclear contexts. Study analysis
showed overlapping barriers across categories. The most com-
monly observed are patient-level barriers, in 75.7% of studies, fol-
lowed by access-related (61.2%), health system/organizational
(57.3%), socioeconomic and cultural (41.7%,), and provider-re-
lated determinants (32.0%). Particular emphasis was on disad-
vantaged populations, such as low socioeconomic status women,
ones that live in rural/remote communities, and/or women with
disabilities, and those with previous false-positive screening re-
ports. Indicating that addressing an isolated barrier is unlikely to
lead to more effective screening; rather, actions should be di-
rected toward integrated strategies that incorporate a personal-
ized approach encompassing the identified barriers.
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INTRODUCTION

Breast cancer screening is one of the most effective tool
for early disease detection and improved oncological out-
comes. Mammography, as a gold standard is age specific rec-
ommended and international health initiatives emphasize the
importance of organised, population-based approaches (1).
However, programme effectiveness and real-world screening
uptake vary significantly across health systems and settings.
Previous reports have shown that access to screening and par-
ticipation is influenced by a wide range of factors.

Regardless of widely available organized breast cancer
screening programs in many countries, effective coverage
rate remains a persistent challenge. European and interna-
tional analyses point out that screening access and uptake are
affected by a numerous constrains, such as (but not limited
to) socioeconomic inequalities, geographic access, personal
preferences, health system capacities (2).

The suboptimal screening participation underlying fac-
tors are multifactorial, describing multilevel barriers, identi-
fying patient-centered determinants (fear, discomfort, cul-
tural beliefs among others), systemic and health organiza-
tional determinants (infrastructure, costs, health care profes-
sional availability), and provider-related factors (such as
communication and recommendation practices) (3). Those
determinant may especially affect underserved groups, con-
tributing to sustained disparities in screening uptake (4).

These barriers may be especially relevant for under-
served, contributing to persistent inequalities in screening up-
take. Although previous publications have explored screen-
ing participation determinants, current available evidence re-
mains heterogeneous in terms of study design, context, pop-
ulations under investigation, and a concise definitions of bar-
riers. In addition, a number of published results come from
high-income countries with long-established screening pro-
grammes, whereas low- and middle-income settings and vul-
nerable or underrepresented populations remain less thor-
oughly documented.

Evidence, obtained from real world data, indicate the sig-
nificance of tailored interventions, such as educational ap-
proaches and screening system, to enhance breast cancer
screening uptake, particularly in countries/populations with-
out long standing, well organized screening programmes, as
well as in resource-challenged systems (5).

Literature data is diverse and heterogeneous, in screening
context, study design, ranging from interviews, surveys, ob-
servational analysis, mixed studies combining qualitative and
qualitative approach to qualitative studies, surveys and im-
plementation-focused work, accompanied with various defi-
nitions of barriers and screening successfulness. Addition-
ally, quality assurance policies and standards, considering in-
adequate screening programme performance, emphasizing
necessity for screening program and provider service rede-
sign, as well as individualisation of approaches (6).

Given the complexity of the topic and the need for a
broader mapping of the evidence, we conducted a scoping
review to identify and categorize barriers affecting the effec-
tiveness of breast cancer screening across different health-
care systems and populations.

The aim of this review was not only to summarize previ-
ously reported barriers, but also to provide findings relevant
to programme improvement, policy development, and high-
light potential interventions to improve screening uptake,
particularly in settings where screening remains inadequate.

MATERIALS AND METHODS
Inclusion and exclusion criteria

Based on clearly defined, pre-established inclusion and
exclusion criteria, studies aligned with the research objec-
tives of this scoping review were selected. The selected pub-
lications included qualitative and quantitative research, as
well as studies using combined methodologies, and ad-
dressed barriers, that is, factors determining the effectiveness
of mammography screening for the purpose of early detec-
tion of breast cancer in different health systems.

The selected studies examined limitations encountered at
different levels of the screening pathway, including the or-
ganization of the health care system, infrastructure, availabil-
ity of services, and provider-related factors.

Barriers related to the target population itself (here,
healthy women without known risk factors, screened with the
aim of potential early detection of breast malignancy) were
expanded to include psychological, socioeconomic, and cul-
tural determinants. Geographic region or specific population
characteristics were not considered exclusion criteria, nor
were the pattern of screening program organization or na-
tional income level.

Studies were considered eligible if they were published
as full-text articles, in English, in peer-reviewed scientific
journals, within the period from 2000 to 2025. This
timeframe was chosen to allow for monitoring the develop-
ment of breast cancer screening programs, as well as for eval-
uating their effectiveness and identifying potential challenges
to effective screening.

A summary of the eligibility criteria is presented in Table
1, while full publication details are provided in Supplemen-
tary material (Supplementary Table).

Studies with the exclusive aim of investigating diagnostic
mammography or those focusing on the assessment of tech-
nical aspects were not considered. Meta-analyses, systematic
reviews, narrative reviews, letters to the editor, editorials,
conference abstracts, and case reports were not included in
the analysis. In addition, populations with known risk factors
(e.g., healthy BRCA-positive carriers), individuals with a
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predefined high risk of developing breast cancer, as well as
experimental and animal studies, were excluded. Studies that
did not provide information relevant to the identification of
barriers or factors influencing the effectiveness of breast
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cancer screening were also not considered. Incomplete or un-
available full-text articles were, among the aforementioned
parameters, was considered as exclusion criteria.

Table 1. Eligibility criteria for study selection.

population or specific subgroups

Domain Inclusion criteria Exclusion criteria
. o oy . Revi ta-anal itorial
. Original quantitative, qualitative, or mixed-methods CVIEWS, meta-ana yses, editorials,
Study design studies commentaries, conference abstracts, case
reports
Women eligible for or invited to mammography- Studies focused exclusively on high-risk
Population based breast cancer screening in the general genetic surveillance populations or

symptomatic/diagnostic populations

Screening focus

Studies examining barriers, determinants, or
facilitators related to participation in or effectiveness
of mammography-based screening programmes

Studies focused exclusively on diagnostic
mammography, imaging accuracy, or
technical performance without behavioural,
programmatic, or access-related context

Barriers /
determinants of

Individual, socio-cultural, economic, health-system,
provider-related, geographic, or informational barriers

Studies not addressing factors associated
with screening participation, non-

interest affecting screening uptake or effectiveness participation, or programme effectiveness
No exclusions based solely on geographic

Geographic Studies from all geographic regions and income region; however, studies outside the scope

context settings were eligible of organised or programme-based
mammography screening were excluded

Publication Peer-reviewed full-text articles published in English Non-Enghsh publications, .

e unavailable/incomplete full-text articles,
characteristics from 2000 onward

and studies published before 2000

Sources of Information

A comprehensive and systematic literature search was
performed, in order to identify relevant eligible publications,
in following databases: PubMed/MEDLINE, Scopus, and
Web of Science, on 14 January 2026. Selection of this data-
bases was due to extensive coverage of public health, bio-
medical and health services publications in per-review scien-
tific journals.

The review protocol was prospectively registered on
the Open Science Framework (OSF), in order to assure rigor
in methodology and transparency - publicly available under
the DOI https://doi.org/10.17605/0OSF.I0/GCZJV, and com-
plete project details can be accessed at https://osf.io/vgsc8.

Search Strategy

A systematic database search strategy was designed to
identify relevant literature while accounting for potential var-
iations in terminology, with the aim of recognise publications
that examined factors influencing the effectiveness of breast
cancer screening. Searches were conducted across databases
using combinations of relevant keywords and Boolean

operators, with a focus on studies addressing screening, ac-
cess, and barriers.

Full texts were retrieved through institutional access pro-
vided by the Faculty of Medical Sciences, University of Kra-
gujevac, Serbia, where available. Reference lists of relevant
articles were also screened to identify additional eligible
studies. Grey literature was not systematically searched and
was not included in this review.

The following search string was used in aforementioned
databases, with database-specific adaptations, where re-
quired: (“breast neoplasms” OR “breast cancer”’) AND
(“screening program*”’ OR “population-based screening”
OR “organized screening” OR “mass screening” OR invita-
tion OR registry) AND (barrier* OR determinant* OR uptake
OR participation OR attendance OR nonattendance) NOT
(diagnos* OR treatment OR therap* OR surviv*)

The asterisk (*) was used to denote truncation, allowing
requisition of multiple word variants (e.g., therap* — ther-
apy/therapeutic) and improving the sensitivity of the search
strategy. Equivalent versions of this strategy were adjusted
for PubMed/MEDLINE, Scopus, and Web of Science, re-
garding specificities in indexing systems and search
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functionality. The full search strategies for each database are
provided in the Supplementary Material.

Studies Selecting Process

Deduplication of publication was initial step in the pro-
cess — obtained references were then exported, following im-
portation into Zotero (7) for duplicate removal, performed
on January, 15" 2026, prior to screening. The records re-
maining, were lather uploaded to Rayyan (8), in order to fa-
cilitate a transparent and reproducible workflow of the
screening process (January, 17" 2026).

Two independent reviewers (M.G., and N.M.) screened
titles and abstracts, respecting eligibility criteria, where po-
tentially relevant records, by either reviewer, then accessed
in full text, with subsequent confirmation of eligibility. If dis-
crepancies occurred in any screening stage, and not resolved
by consensus, a third reviewer (M.S.) was engaged to provide
a final judgment.

The study selection process and reporting were conducted
in accordance with the PRISMA Extension for Scoping Re-
views (PRISMA-ScR) framework, maintaining transparent
documentation of screening process.

Extraction of Data and Variables

Two reviewers were assigned to independently perform
data extraction (M.G., and N.M.), using previously strand-
ardised data-charting form, aiming to identify essential attrib-
utes within included studies.

Extracted data are presented in Supplementary Table and
relate to study characteristics, including the first author’s
name, year of publication, country, study design, and screen-
ing context. When a target population was defined, it was
recorded separately, including information on population
subgroups where it was explored (e.g., minority groups, rural
populations, and persons with disabilities). Characteristics of
screening programs, indicators of screening performance,
and measures of access were also among the extracted data.

Barriers to effective screening were documented as re-
ported by the study authors and subsequently grouped into
predefined thematic domains, including barriers related to
screening participants (i.e., the target population), cultural
and socioeconomic barriers, access-related barriers, and bar-
riers related to organizational capacity at the health system
level. When selected publications addressed multiple the-
matic domains, all relevant barriers were recorded without
classification. Where available, potential recommendations
or guidance for program improvement were also extracted
and presented.

Given the objectives of this scoping review, as well as the
heterogeneity of the included studies and terminology used,
no additional outcome classification, pooling of estimates, or
reanalysis of data was performed. Data were extracted as pre-
sented in the original studies, in line with the aim of mapping

existing evidence without assessing effectiveness or intro-
ducing performance indicators.

Data Synthesis and Grouping of Evidence

In accordance with the study objectives, data synthesis
was conducted using a structured narrative approach. Given
the diversity of the extracted data, a descriptive presentation
was used rather than a quantitative synthesis.

Studies were grouped according to key thematic domains,
encompassing study characteristics and screening context,
target populations, and, where reported, indicators of screen-
ing effectiveness. Identified barriers were categorically de-
fined where appropriate; when studies pointed to the ex-
pected multifactorial nature of barriers to successful screen-
ing, all relevant thematic domains were included.

A quantitative synthesis was not attempted because of
substantial heterogeneity across the included studies in terms
of design, target populations, screening contexts, definitions
of barriers, and outcome reporting, which did not allow
meaningful result pooling Therefore, narrative synthesis was
considered the most appropriate method for mapping and in-
terpreting the available evidence for defining screening bar-
riers.

RESULTS
Study selection

A total of 2,262 records were identified in literature
search, across PubMed, Scopus, and Web of Science. Fol-
lowing 762 duplicates removal, 1,500 unique records were
screened based on titles and abstracts and 1,102 records were
excluded, due to failing to meet eligibility criteria.

Full texts were sought for 398 records, where 32 of them
could not be retrieved. The remaining 366 articles were then
assessed at the full-text level. Additionally, 263 articles were
removed from consideration, due to failure to report barriers
for screening or program effectiveness, or due to treatment
focus, or limited to predefined risk population.

All eligibility criteria met 103 studies and included in the
scoping review. The study selection process is summarized
in the PRISMA flow diagram (Figure 1).

Included studies characteristics

Although review included studies published between
2000 and 2025, encompassing more than two decades of re-
search, most studies were published after 2010, with 46 stud-
ies (44.7%) published between 2010 and 2019 and a further
21 studies (20.4%) published from 2020 to 2025. The median
year of publication was 2012, reflecting growing focus on ef-
ficacy, participation and equity-related factors. An overview
of'the all included study characteristics, including publication
period, geographic distribution, study design, screening con-
text, and target population, is summarised in Table 2.
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Table 2. Characteristics of included studies (n = 103)

Characteristic n (%) Characteristic n (%)
Publication period Organized 50 (48.5%)
2000-2009 36 (35.0%) Opportunistic 23 (22.3%)
20102019 46 (44.7%) Mixed / unclear 30 (29.1%)
>2020 21 (20.4%) Target population (primary focus)
Geographic region General population 80 (77.7%)
Europe 45 (43.7%) Low socieconomic status 3 (2.9%)
North America 35 (34.0%) Migrant / ethnic minori- 14 (13.6%)
Asia-Pacific 21 (20.4%) ties
Africa 0 (0.0%) Rural / remote 2 (1.9%)
Latin America 1 (1.0%) Other 4 (3.9%)
Multinational 1 (1.0%)
Study design
Quantitative 71 (68.9%)
Qualitative 21 (20.4%)

Mixed-methods
Screening context

11 (10.7%)

As expected, study data were predominantly obtained
from high-income countries. Europe accounted for the largest
proportion of studies (43.7%), followed by North America
(34.0%). A further 20.4% of studies were conducted in the
Asia—Pacific region, while only a small number originated
from Latin America (1.0%) or multinational settings (1.0%).
None of analysed studies were conducted exclusively in Af-
rican continent. Reflecting well established and organized
screening programs, most frequently represented countries
were United States of America, England, the Netherlands,
Denmark, Sweden, Italy, and Australia.

The review included studies with a heterogonous design,
with domination of quantitative methodology as much as 71
studies (68.9%), included cross-sectional surveys, registry-
based analyses, spatial or ecological studies, and observa-
tional cohort designs. Qualitative methodologies were used
in 21 studies (20.4%), via focus group interviews, exploring
women’s perceptions, and decision-making process. Mixed-
method studies occupied 10.7% of all studies combining
quantitative data with qualitative insights.

In terms of screening context, 48.5% included studies fo-
cused primarily on organized, screening programmes in age
specific population and centralized program oversight. Ma-
jority of this studies investigated failure to respond to screen-
ing invitation, participation coverage in different socioeco-
nomic and geographic groups. Opposed to organized screen-
ing, opportunistic screening was elaborated in of 22.3% of
studies, reflecting health based systems and provider recom-
mendation. Almost third of included studies (29.1%) ad-
dressed mixed or unclear screening contexts, in terms of
comparing organized and opportunistic approaches.

Majority of studies (77.7%) targeted age specific popula-
tion, but a notable subset examined specific, disadvantage
populations, where barriers for effective screening are ex-
pected to be more pronounced, such as migrant or ethnic

minorities (13.6%), women of low socioeconomic status
(2.9%), and rural and/or remote populations (1.9%). A
smaller group of studies (3.9%) addressed other specific sub-
groups, such as women with false-positive screening results
or women with disabilities, reflecting socioeconomic and
cultural inequalities in screening participation.

Failure to respond to screening invitation or non-attend-
ance was exploited among various study designs, without
unique, widely acceptable definition, where qualitative stud-
ies defined as non-attendance within a specified interval, fo-
cused on perceived barriers and prior experiences, other stud-
ies distinguished between women that never participated in
screening, or the ones that undergo screened outside orga-
nized programs.

Barriers to effective breast cancer screening

Analysing included studies, barriers to effective breast
cancer screening were observed covering multiple, fre-
quently interrelated domains (Table 3), accentuating multi-
factorial nature of screening coverage — identified barriers at
more than one level, rather than a single determinant. Repre-
sentative examples of commonly reported barriers within do-
mains are shown in Table 4.

The most frequently were patient-centered barriers, iden-
tified in 78 out of 103 studies, including fear of pain during
mammography, fear of anticipated diagnosis or oncological
treatment, anxiety due to radiation exposure, and low per-
ceived personal risk of breast cancer, particularly among
younger, asymptomatic women. Emotionally conditioned re-
sponses (fear, anxiety and fatalism) were emphasized, as ex-
pected, qualitative based studies related to previous negative
experiences, such as pain and discomfort or a spectrum of
negative emotional responses due to false-positive results.
Growing personal and professional needs and limitations, ac-
companied comorbidities were among frequent reasons for
postponed or canceled screening.
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Table 3. Distribution of reported barriers to breast cancer screening across included studies (n = 103)

Barrier domain

Studies reporting barrier, n (%)

Patient-level barriers 78 (75.7%)
Access-related barriers 63 (61.2%)
Health system / organizational barriers 59 (57.3%)

Socioeconomic and cultural barriers

43 (41.7%)

Provider-related barriers

33 (32.0%)

Table 4. Key barriers to breast cancer screening reported across included studies

Barrier domain

Key barriers (representative examples)

Patient-level barriers

Fear of pain during mammography; fear of cancer diagnosis or treatment; low per-
ceived personal risk; absence of symptoms; anxiety related to radiation exposure;
previous negative screening experiences; competing life priorities (work, caregiv-
ing, illness).

Socioeconomic and cultural barri-
ers

Low income; lack of health insurance or underinsurance; indirect costs (transport,
time off work); low educational attainment; limited health literacy; social depriva-
tion; financial insecurity despite availability of free screening.

Access-related barriers

Long distance to screening facilities; transportation difficulties; inconvenient ap-
pointment times; limited service availability; long waiting times; poor physical ac-
cessibility for women with disabilities; urban—rural disparities in service provision.

Health system / organizational
barriers

Failure or delay in invitation letters; inaccurate population registries; lack of re-
minder or recall systems; fragmented care pathways; non-personalized screening
processes; insufficient screening capacity; long screening intervals; administrative
complexity.

Provider-related barriers

Absence of physician recommendation; inadequate communication about screen-
ing benefits and procedures; limited counseling time; inconsistent or unclear
screening guidance; lack of cultural competence; language barriers during clinical

encounters.

Socioeconomic barriers were observed in 41.7% and fre-
quently overlapping with patient-centered factors, which are
often not clearly distinguishable. Lack of financial stability
or low income, lack of health insurance as well as and indi-
rect costs of screening process (e.g. transportation, time off
work, unpaid leave) were often seen as a barrier to screening
participation emphasizing role of financial constrains despite
the absence of direct screening costs. Cultural and social fac-
tors were particularly underlined across the studies, focusing
on subpopulations such as migrant or ethnic minorities,
where language barriers, compromised health literacy, cul-
tural perception of breast cancer and preventive care, mod-
esty concerns, and questionable trust of healthcare systems
contributed to inadequate screening coverage rate.

Access-related barriers were reported in large number of
the studies (61.2%) as one of most consistently identified
structural barrier to effective breast cancer screening, where
the most common emphasized obstacles are distance to med-
ical facilities, transport related issues and limited service
availability and they are especially pronounced in rural or re-
mote. Even in urban or well-resourced health systems, num-
ber of studies showed that inappropriate scheduling, long
waiting times or access related difficulties for women with

disabilities will negatively affect participation in screening
process, suggesting that access related barriers can have var-
iable effect, depending on personal preference or limitations.

Health system and organizational barriers were described
in 57.3% of studies, especially prominent in studies related
to organized screening programs. Frequently reported issues
refers to failures or delays in invitation letters, inaccurate
population registries, absence of reminder or recall systems,
and uninformed, organised screening pathways. Missed invi-
tations, lack of follow up, long screening interval, lack of per-
sonalization or administrative errors or complex procedures
were investigated in several studies.

Provider-related barriers were reported in 32.0% of ana-
lysed studies. Inadequate communication, inadequacy of
clear recommendations for screening, as well as limited con-
sultation time, were among reported barrier in this domain.
Besides the aforementioned factors, language barrier can ad-
ditionally contribute to ineffective screening in disadvantage
populations.
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DISCUSSION

Breast cancer is the most frequently diagnosed malignant
tumour among women worldwide (9). Trends observed over
the two past decades demonstrate a consistent increase in
breast cancer incidence in many regions accompanied by de-
clining mortality rates in high-income countries (10, 11). Pro-
jections for the next two decades show a substantial rise in
breast cancer incidence worldwide, with region-specific in-
creases across continents (12).

The economic burden of breast cancer treatment varies
substantially and is highly dependent on disease stage, with
annual health-care costs ranging from approximately
$15,600 for early stage to $137,300 for stage IV disease (13).

Breast cancer represents one of the malignancies for
which a clearly defined screening strategy exists, constituting
a form of secondary prevention aimed at early disease detec-
tion (14).

Mammography is a broadly available and effective imag-
ing modality that enables visualization of breast tissue abnor-
malities (15) and is widely used in countries with organized
screening programmes as the primary method for early de-
tection of suspicious breast lesions (16). Countries with es-
tablished breast screening programmes have experienced de-
cline breast cancer mortality compared with those without
regular screening, emphasising the impact of organised
breast cancer screening (17) Most of the high-income coun-
tries in Europe, North America and Asia-Pacific region have
implemented organized screening programmes (1) while,
some developed countries, including Greece and Bulgaria,
did not have a fully implemented national organised mam-
mography screening programme as of 2022 (18).

Participation rates in breast cancer screening vary consid-
erably, ranging from less than 30% in countries such as Tur-
key to over 80 % in countries with well organized, well-es-
tablished organized screening programmes, such as Finland
and Netherland (18, 19). The reasons for inadequate partici-
pation in screening mammography are multifactorial and
may be related to individual-level factors, accessibility,
health system organization, and other structural barriers (20).
Identifying and analysing these limitations, with the aim of
proposing potential strategies for improving breast cancer
screening programmes, constitutes the primary objective of
this narrative review.

Topic of this scoping review was addressed because
barriers to breast cancer screening cannot be predominantly
attributed to a single domain, such as the patient or the health
care system alone. Rather, an individual’s decision to parti-
cipate in screening is predominantly multifactorial, resulting
from a complex interplay of personal, social, organizational,
and structural determinants. Contemporary publications
have largely focused on screening failure within specific po-
pulations defined by single determinant, wether young age,
socioeconomic status, race, ethnicity ot other. However,
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although disparities across these groups are well docu-
mented, the underlying barriers to screening are inherently
complex and frequently overpass and overlape beetwen cate-
gories. As a result, breast cancer screening remains insuffici-
ently effective across a broad range of settings and populati-
ons, even in countries with established screening pro-
grammes (19). In this context, we conducted a scoping re-
view to comprehensively map the existing evidence on
barriers to breast cancer screening. A total of 103 studies,
published beetwen 2000. and 2025. were included following
a structured selection process involving systematic database
searching, shown in PRISMA flow diagram (Figure 1).

Since eligible studies were published between 2000 and
2025, certain relevant barriers in identified earlier publicati-
ons may not have been recognised. Interventions to improve
screening uptake were not a primary focus of this review;
therefore, studies describing such interventions were inclu-
ded only when detailed information was provided, and their
selection was not systematic.

The most of included publications were published
between 2010 and 2019, a period following the implementa-
tion and maturation of organized screening programmes in
many countries. This timeframe allowed researchers suffici-
ent data, leading to numerous evaluations of screening uptake
and determinants, and subsequential publication screening
effectivenes and limitation. At the same time, there was
growing emphasis in public health on disparities and social
determinants. Systematic reviews, analysing screening
uptake show an extensive ampunt of research in these years,
particularly for breast cancer screening, reflecting its global
public health importance and the need to understand low par-
ticipation across diverse contexts (21).

As expected, the majority of published studies comes
from high-income countries with a long tradition of well-
established, population-based breast cancer screening pro-
grammes, including the United States (as far as 34%),
England, the Netherlands, Denmark, Sweden, Italy, and Aus-
tralia. From a geographical perspective, Europe accounts for
the largest share of publications — 43.7%, reflecting a large
number of countries with implementation of organized scre-
ening programmes and the evaluation of long-term pro-
gramme data.

Overall, the geographic distribution of the included stu-
dies demonstrates a pronounced concentration of evidence o-
riginating from countries with well-established, organized
breast cancer screening systems. In contrast, there is compa-
ratively limited data from low- and middle-income regions,
where organized screening programmes are less effectively
implemented or have been introduced more recent, reflecting
differences in health system infrastructure and data availabi-
lity. Since the data were obtained from high-income coun-
tries, the results and potential implications cannot be
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generalized to all countries, particularly developing and un-
derdeveloped countries.

Figure 1. PRISMA flow chart
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The included studies showed a range of methodology de-
signs, with a clear predominance of quantitative methodolo-
gies (Table 2, Suplementary Table). while small number of
studies (10.7%) were using mixed-methods designs that inte-
grated both qualitative and quantitative approaches (Table 2),
where comparison between subject perceptions and
objectively measured screening participation can be evalua-
ted. The predominance of quantitative analyses can be expla-
ined by the availability of data sources such as registry-based
analyses and observational cohort designs, which were used
retrospectively and could not be matched with participants’
perceptions at the time of data processing and publica-
tion.Breast cancer screening can be performed as organized
(population-based), opportunistic, or risk-adapted (personal-
ised approaches). - tend to individualize screening based on
estimated risk and at the same time retaining key elements of
organized programmes, but their real world practice imple-
mentation is still limited (22, 23).

In our review, the analysis showed that nearly half of the
included studies focused on organized, population-based
screening programmes. In contrast, studies addressing oppor-
tunistic screening accounted for 22.3% of the included liter-
ature (Table 2). In these studies, screening participation was
typically assessed using data from primary health care set-
tings and medical services (Supplementary Table), where
screening uptake was largely driven by individual motivation
and physician recommendation rather than systematic invita-
tion (24). However, almost one-fifth of all included studies

compared organized and opportunistic screening approaches
without clearly distinguishing between these screening con-
texts, often drawing conclusions based on overlapping or
poorly defined definitions.

The majority of included studies examined the general
population of age-eligible women, accounting for 77.7% of
all analysed publications. This predominance reflects the de-
sign of most organized breast cancer screening programmes,
which target women within predefined age ranges and gener-
ate large, routinely collected datasets suitable for population-
level analyses.

A substantial proportion of studies (13.6%) focused on
migrant populations (25-35) or ethnic minority groups (36-
40). There are a consistent evidence emphasising lower
screening participation in these populations, attributed to fac-
tors such as language barriers, limited health literacy, cultural
beliefs, mistrust of health systems, and structural obstacles
related to access. Migrants are less likely to participate in
mammography screening programmes compared with local-
born populations in Europe (30). Migrant women, born in
countries with breast cancer low incidence are more likely to
perceive higher risk of developing breast cancer with length
of stay in developed county, with higher breast cancer inci-
dence (30). Opposite to that, 87% of Asian immigrant to Can-
ada had mammogram during their lifetime, at least once (or-
ganized or opportunistic) (25). A study, conducted by Kristi-
ansen et al. using data from 1991-2008, showed that lack of
contact with medical professionals and unemployment sig-
nificantly affect efficacy of breast cancer screening, in nega-
tive way (27). Among ethnic minority group, greater per-
ceived discrimination was associated with poorer health
care—a results published by Gonzales et al, showed that
among American Indian women, discrimination in health
care settings may contribute to lower participation in breast
and other cancer screening services (37).

Vulnerable populations remain insufficiently represented
relative to their importance for screening equity. Minority
based approach to breast cancer screening should take into
account targeted culturally adapted strategies, rather than us-
ing general, population-wide approaches. Potential interven-
tions that are derive from this results can be community based
communication, multilingual education and investing efforts
in strengthening connections and trust between these vulner-
able groups and healthcare providers.

In contrast, only 2.9% of studies specifically addressed
women of low socioeconomic status (41-43), despite well-
documented associations between socioeconomic disad-
vantage and reduced screening uptake. Similarly, women re-
siding in rural or geographically remote areas were un-
derrepresented, with only 1.3% of studies focusing on this
population, accentuating distance, transportation difficulties,
and limited availability of health services as key barriers (42,
44). Fewer than 4% of the included studies examined women
with disabilities or those with a previous false-positive
screening result (45-50). Studies involving women with
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disabilities reported barriers related to physical accessibility
and inadequate communication within screening services,
whereas studies addressing women with prior false-positive
results emphasized psychological distress, anxiety, and re-
duced trust in screening, which negatively affected further
screening participation.

Overall, the literature highlights social, cultural, and geo-
graphic inequalities in breast cancer screening participation,
indicating that these disparities remain insufficiently ad-
dressed across different health care systems and population
groups. Data are presented in Table 2 and Supplementary Ta-
ble. This heterogeneity is consistent with the objectives of a
scoping review and enabled comprehensive mapping of the
wide range of barriers affecting breast cancer screening par-
ticipation across different healthcare systems and sociocul-
tural contexts.

The multifactorial nature of barriers to effective breast
cancer screening is clearly illustrated in Table 3, where sub-
stantial overlap between different limitations can be clearly
observed in Table 4. Nevertheless, for the purposes of this
review and in accordance with the published literature, bar-
rier domains were categorized into the following groups (Ta-
ble 3): patient-level barriers; access-related barriers; health
system and organizational barriers; socioeconomic and cul-
tural barriers; and provider-related barriers. The key barriers
identified across these domains are summarized in Table 4.

Patient-level barriers were the most frequently reported,
identified in 78 studies (75.7%). These barriers primarily en-
compassed fear of mammography-related pain, anxiety about
a potential cancer diagnosis or subsequent treatment, fear
from radiation exposure, and low perceived personal risk of
breast cancer, particularly among asymptomatic women (51-
79).

This clear predominance of patient-centered barriers
should not be perceived as proof that women themselves are
primary reason for screening non-participation. Number of
here-defined individual barriers show substantial connection
to structural and social determinants (transport limitations,
competing work, low health literacy, financial insecurity,
cultural marginalization, etc.). These reasons are notably sig-
nificant in underserved populations, where barriers may ac-
cumulate across several domains at the same time. These
findings clearly support establishing a broader interpretative
framework for the reasons behind non-participation in
screening, encompassing not only personal beliefs and
choices, but also factors related to the healthcare system and
inequalities between the groups being studied. A study con-
ducted by Speedy and Hase, investigated influence of health
beliefs—response efficacy, perceived seriousness, concern,
susceptibility, and perceived barriers—on the likelihood of
attending breast cancer screening. Compared with women
who had not undergone mammography, screening partici-
pants were more health-conscious, more likely to have previ-
ously undergone mammography, more aware of the protec-
tive role of mammography in reducing severe breast cancer,
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and less concerned about the screening procedure (68). Using
theory of planned behaviour, Steadman ad Rutter, included
over 1600 patient planned for screening mammography in
UK for a questionnaire, showing determining important as-
sociation and subjective norm measures have positive predic-
tion for screening attendance (57). When difference between
organized and opportunistic screening are considering,
women using opportunistic screening perceived higher breast
cancer risk but expressed limited awareness and concerns re-
garding organized screening, whereas non-screened women
showed polarized risk perceptions, questioned screening use-
fulness, and held negative views toward mammography (78).
Multivariate analyses indicated that defensive avoidance of
breast cancer screening was associated with lower perceived
susceptibility and response efficacy, higher breast cancer—re-
lated fear, and breast self-examination behavior — as reported
in study conducted by Ivanova and Kvalem (55).

These findings direct system toward potential practical
implication, that screening uptake improvements must ex-
tend beyond patient knowledge and basic health education
and therefore adopt a multilevel approach, taking into ac-
count individual and structural determinants of non-partici-
pation. Potential measures here can include concern adapted
education, organized transportation and reminder system as
well as patient navigation, which can be especially effective
in vulnerable populations, where barriers often cross over
multiple domains simultaneously.

Patient-related barriers are deeply connected with social
determinants of health - they interact synergistically, affect-
ing screening participation. Across the reviewed literature,
the most frequently reported limitations included low in-
come, lack of health insurance or underinsurance, and indi-
rect costs such as transportation expenses and loss of income
due to time off work. These financial constraints were further
accompanied often by low educational attainment, limited
health literacy, and social deprivation, which collectively re-
duced awareness of screening potential usefulness. Notably,
financial insecurity persisted as a significant barrier even in
settings where breast cancer screening was provided at no di-
rect cost (80-95).

Here, in must be noted that a majority of available evi-
dence in high-income countries with long-established orga-
nized screening programmes. On the other side, evidence
from low- and middle-income countries and/or settings with
less developed screening infrastructure is quite limited or
non-existing. This imbalance, as noted before, limits the gen-
eralizability of the available evidence and suggests that im-
portant barriers in resource-constrained settings may remain
overlocked.

Deficits in health literacy and social deprivation, together
with financial barriers, have been consistently reported
across the globe, irrespective of countries’ income level.
These barriers persist across diverse health-care systems and
screening models, suggesting that economic development
alone is insufficient to ensure equitable screening
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participation (80, 81, 87, 90, 95). A cross-sectional study
conducted in 2017. showed that participation in breast cancer
screening programs was associated with woman health insur-
ance, while breast cancer awareness was associated with lack
of social deprivation and woman occupation (85). A Flanders
study showed that patient with crowded households, popula-
tion densities and employment status will more likely to un-
dergo outside organized screening system, that has more cov-
erage rate (86). A study by Zhao et al, published in 2025.
showed that Gross Domestic Product (GDP) per capita has
negative influence on mammography nonattendance, while
urbanization showed positive correlation (90).

Access-related barriers are encompassing geographic and
service-related constraints. Key barriers included long dis-
tances to screening facilities, transportation difficulties, in-
convenient appointment times, limited availability of screen-
ing services, and prolonged waiting times. These challenges
were particularly pronounced in rural and remote areas, con-
tributing to difference in urban/rural disparities (89). In addi-
tion, inadequate accessibility of screening and/or facilities is
a significant barrier for women with disabilities, further ac-
centuating inequities in screening participation (50). Access-
related barriers are wide term, overlapping with health sys-
tem and provider barriers (95-100).

Among previously unscreened women from disadvanta-
ged areas, screening uptake was higher among those living
closer to screening clinics (95), while women with private
vehicle would not ephasise time as a barier to further ma-
mography facility (97). In favour to acessibility, speaks a
large study in Denmark, on almost 150.000 participants, sta-
ting that a long travel distance is associated with an increased
risk of non-participation (100).

Literature findings emphasize that improving screening
participation should prioritize accessibility and social equity,
together with advances in healthcare infrastructure, such as
mobile screening services, shorter waiting lists, adapted fa-
cilities, thus reducing structural disadvantages across
healthcare settings.

Health system and organizational barriers reflected struc-
tural inefficiencies within screening programmes, including
delayed or failed invitation processes, registry inaccuracy,
and the absence of effective, well established reminder sys-
tem. Additional obstacles included insufficiently defined
care pathways, lack of individual approach, insufficient
screening capacity causing prolonged intervals, and adminis-
trative complexity and errors, all of which collectively under-
mined adequate access to screening participation, as shown
in included studies (101-111).

Several studies highlighted deficiencies in reminder sys-
tems—including inadequate, delayed, or absent reminders—
as a key organizational barrier, emphasizing their critical role
in sustaining engagement and continuity in breast cancer
screening participation (101, 106, 109, 110). Confirmation
requirements constitute an obstacle mainly for women

invited for the first time, while having little influence on par-
ticipation among those with previous screening experience
(108).

Provider-related barriers primarily reflected limitations in
provider (medical staff)- subject interactions and communi-
cation processes. These included the lack of sufficient physi-
cian recommendations for screening, short counseling time,
and inadequate communication regarding the benefits, risks,
and procedures of mammography. In addition, unclear
screening guidelines, limited cultural competence, and lan-
guage barriers during clinical encounters further hindered in-
formed decision-making and reduced screening participation,
particularly among socioeconomically and culturally diverse
populations, especially the ones with language barriers (112-
124).

Women who had undergone mammography were more
likely to report receiving a recommendation for screening,
having an established primary care provider, and being cared
for by a female primary care provider (113). A brief, qualita-
tive study, conducted by Sterlingova and Lunden identified
non-personalization of the screening system as a dominant
theme, reflecting participants’ perceptions of limited individ-
ualization (115).

In a twenty-year-old study and with still actual barriers,
published by Aro et al, the most common reason for non-at-
tendance was having undergone mammography outside the
organized programme. Other reported reasons included lo-
gistical barriers, fear and anxiety, limited screening
knowledge, and organizational issues. Non-attenders could
be broadly classified into two groups; women screened else-
where were typically urban, socioeconomically advantaged,
health-proactive, perceived themselves at higher risk of
breast cancer, and expected the examination to be painful
(117).

These findings clearly illustrate the complexity and inter-
related nature of barriers influencing decisions to participate
in screening. Simplified classification models may be insuf-
ficient to identify the true constraints of non-attendance, with
important implications for the design and optimization of
screening programmes.

From a practical perspective, the findings indicate that
isolated interventions are unlikely to substantially improve
screening uptake. More effective strategies are likely to re-
quire coordinated, multilevel approaches that combine public
education, culturally and linguistically appropriate commu-
nication, improved invitation and reminder systems, easier
appointment scheduling, better physical and geographic ac-
cess to services, and stronger provider engagement in screen-
ing recommendation and counseling. In organized screening
programmes, particular attention should be given to registry
quality, invitation accuracy, recall systems, and continuity of
follow-up. In underserved populations, tailored outreach
strategies and more flexible service delivery models may be
especially important.
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A small number of studies (n = 3) did not provide suffi-
ciently precise definitions of screening barriers; however,
their research focus was considered methodologically rele-
vant and aligned with the objectives of this review (124-127).

Although the analyzed data from the included studies pro-
vided valuable insight into breast cancer screening programs
and identified key target domains in which major barriers to
effective screening implementation can be recognized—po-
tentially serving as a framework for future guidance and for
the development of efficient, organized screening systems—
several limitations should be acknowledged to inform further
actions aimed at improving screening. First, this scoping re-
view included studies published between 2000 and 2025;
consequently, some barriers identified earlier may not have
been captured. However, given the extended period evalu-
ated, it can be reasonably assumed that such barriers have by
now been clearly identified and, in many cases, appropriately
addressed. Nevertheless, despite the fact that breast cancer
screening remains insufficiently effective in many countries,
there is a notable lack of data from the past five years—par-
ticularly studies that would identify emerging barriers to suc-
cessful screening, as well as those indicating whether barriers
reported in earlier studies have been successfully resolved.

In addition to that, grey literature was not systematically
searched, and intervention studies were not the primary focus
of this review; therefore, some potentially relevant imple-
mentation evidence may not have been captured.

The included studies were methodologically heterogene-
ous in terms of design, populations, screening settings, and
reported outcomes, which precluded quantitative synthesis.

Finally, the predominance of evidence from high-income
countries limits the transferability of the findings to low-re-
source settings. Despite these limitations, the scoping ap-
proach allowed broad mapping of the literature and identifi-
cation of recurring domains that may inform future research
and programme redesign.

CONCLUSION

This scoping review defined key domains encompassing
participant- or population-level factors, access and health
system organization, cultural and socioeconomic domains, as
well as factors related to healthcare providers and the health
system. Most of the available evidence originates from high-
income regions with well-organized screening systems and
high population coverage, whereas data from low- and mid-
dle-income countries, where breast cancer screening remains
less effective, are scarce. Disadvantaged populations, as pre-
viously defined, have been insufficiently represented in re-
search, despite a growing emphasis in recent years on equity-
sensitive and vulnerable populations. The findings of this re-
view may help support future screening improvement efforts
by emphasizing the need for coordinated action across mul-
tiple domains, rather than isolated interventions targeting a
single barrier.
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ABSTRACT

To identify significant risk factors for femoropopliteal bypass
graft occlusions.A retrospective case-control study included pa-
tients who had undergone femoropopliteal bypass due to lower
extremity arterial disease at the Clinical Centre Kragujevac, Ser-
bia, between 2008. and 2011. The cases (n = 35) were patients
with femoropopliteal bypass graft occlusion which required sur-
gical intervention. The control group (n =70) consisted of patients
without graft occlusion. The cases and controls were age and sex
matched. Significant impact on graft occlusion was found for the
Jorm of femoropopliteal bypass(ORagjusiea 115.34;  95%CI
4.02,3306.55;), type of grafi(ORugjusiea 81.62;  95%CI
1.03,6486.32), cardiovascular disease(ORugjusiea 35.64; 95%CI
2.63,1176.94), previous vascular procedures(ORagjusiea 51.61;
95%CI 1.10,2425.14), preoperative disease stage according to
Rutherford(ORugusiea 22.21; 95%CI 2.62,188.39), and preopera-
tive hematocrit levels (ORugjusiea 0.34; 95%CI 0.13,0.89). A signif-
icant synergistic effect on graft occlusion was observed for the
combination of form of bypass and type of graft, combination of
type of graft and previous vascular procedures, combination of
form of bypass and cardiovascular diseases, combination of type
of graft and cardiovascular diseases, combination of type of graft
and preoperative disease stage, and combination of form of by-
pass and preoperative disease stage.The results of our study sug-
gest that previous and concomitant cardiovascular diseases and
severity of the vascular disease itself should always be taken into
account together with type of the graft and type of the operative
procedure when planning femoropopliteal bypass in a patient
with lower extremity vascular disease.

Keywords: Femoropopliteal bypass, graft occlusion, risk factors.
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INTRODUCTION

Femoropopliteal bypass (FP) is relatively safe and effec-
tive technique of limb revascularization surgery for Chronic
Critical Limb Ischaemia (CCLI) and disabling intermittent
claudication (IC) in patients with peripheral arterial occlusive
disease (PAOD). The initial outcome of this procedure is
mostly good graft patency and limb preservation!. Although
this surgical technique initially prolongs limb salvage, long-
term graft patency is one of the major issues facing vascular
surgeons! .

The most significant complication of FP bypass is graft
occlusion, with frequency of 25 —35% over a two-year post-
operative period'. Graft occlusions are classified in three cat-
egories: early (<30 days), intermediate (<2 years) and late
(>2 years)?. Limb salvage rate after the graft occlusion is
poor, about 50% + 5% over a two-year postoperative period
2

According to the literature, FP bypass graft occlusion is
associated with age’, sex*®, race®, preoperative hematocrit
and hemoglobin values®, clinical stage of disease >*%7, form
of FP bypass*®, type of graft*®®, number of crural recipient
arteries patent at angiography®®!%!! previous vascular inter-
vention and progression of vascular disease” !4, and type of
anticoagulant (AC) and antiaggregant therapy (AA)**!!, On
the other hand, there are conflicting published data about rel-
evance of the following factors for the graft occlusion: asso-
ciated chronic diseases in patients®'>7, drug therapy*!*!3,
perioperative blood transfusion, coagulation parameters
(aPTT and INR)!®, preoperative ankle systolic pressure index
(ASPD)"*-3, alcohol and nicotine®’, Finnvastic score**?, li-
pid levels and statin therapy !°-°,

The aim of this study was to analyse insufficiently exam-
ined potential risk factors and risk factors with conflicting
relevance according to prior studies, as well as their mutual
interaction (possible synergistic effect of potential risk fac-
tors) and determination of their relative importance for FP
bypass graft occlusions.

MATERIALS AND METHODS
Study design

The study design was of retrospective case-control type.
It was conducted in patients with FP bypass graft occlusions
which required surgical intervention, while the control group
consisted of patients without such outcomes. Data were col-
lected from the medical records of the patients. Risk factors
for the occurrence of graft occlusion in patients with FP by-
pass were analyzed.

Study population

The study population consisted of the patients experienc-
ing FP bypass surgery for advanced lower limb PAOD at
Vascular Surgery Unit of the Clinical Centre Kragujevac,
from January 2008. to December 2011. The cases were

patients with FP bypass graft occlusions which required sur-
gical intervention. The controls were patients without FP by-
pass graft occlusion after PAOD who were sex and age
matched. The allocation ratio of the patients among groups
was 1:2 in favor of controls. On the basis of the medical rec-
ords of both groups it was observed to what extent they were
exposed to the observed risk factors. This study did not in-
clude patients with incomplete medical records. The study
was approved by the Ethics Committee of the Clinical Centre
Kragujevac. The data were collected from the medical rec-
ords of the patients.

The variables measured in the study

The main outcome of the study were FP bypass graft oc-
clusions. The following potential risk factors for the graft oc-
clusion were followed: age, sex, preoperative levels of hem-
atocrit, hemoglobin, activated partial thromboplastin time
(aPTT) and prothrombine time (PT/INR), clinical stage of
disease according to Rutherford, number of angiographically
patent crural recipient arteries, form of the FP bypass, type of
the graft, previous vascular intervention, other patient's dis-
eases (cardiovascular diseases, diabetes mellitus, chronic re-
nal insufficiency, peptic ulcer disease, malignancy), drug
therapy (angiotensin converting enzyme (ACE) inhibitors,
alpha and beta blockers, calcium channel blockers, diuretics,
metformin, insulin, anticoagulant and antiplatelet therapy),
perioperative blood transfusion, smoking, alcohol consump-
tion, and Finnvastic score.

Statistical analysis

In statistical data analysis continuous variables are pre-
sented as mean =+ standard deviation (SD) in the text and ta-
bles, and categorical variables are presented as proportion of
examined subjects with a particular outcome. Student's t-test
was used for comparison of the mean values of continuous
variables for small independent samples, and alternative non-
parametric tests were used if the results did not follow normal
distribution, based on the Kolmogorov-Smirnov test. Chi-
squared ()?) test was used to compare differences in the fre-
quencies of categorical variables, and Fisher's exact test was
used if the frequency of categories was low. The influence of
a number of variables on the examined dichotomous outcome
(graft occlusions after FP bypass surgery), as well as the mu-
tual interaction of potential predictor variables, were exam-
ined using binary logistic regression, and the results were
presented as Adjusted Odds Ratio with corresponding 95%
confidence intervals. All results where the probability of the
null hypothesis being true was less than 5% (p <0.05) were
considered statistically significant. Statistical analysis was
performed using a standard statistical software package
(SPSS software V.18.0).
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RESULTS

Basic characteristics of cases and controls and the differ-
ences between them are shown in Table I. There were no sig-
nificant differences between cases and controls in terms of:
sex, age, preoperative values of aPTT and INR, perioperative
blood transfusion, ACE inhibitors, alpha and beta blockers,
diuretics, calcium-channel blockers, metformin, insulin, dia-
betes, chronic renal insufficiency, peptic ulcer, malignancies,
aorto-iliac occlusive disease, number of angiographically pa-
tent crural recipient arteries, the administration and type of
antiaggregants and anticoagulants, alcohol consumption, du-
ration of nicotine consumption, and Finnvastic score.

Statistically significant effects for the occurrence of FP
bypass graft occlusion were found in the form of FP bypass
(below-knee vs above-knee) (ORagjused 115.34; 95% confi-
dence interval 4.02,3306.55; p=0.006), graft type (artificial
vs venous) (ORagjusea 81.62; 95% confidence interval
1.03,6486.32; p=0.049), associated cardiovascular diseases
(ORagjusted 55.64; 95% confidence Interval 2.63,1176.94;
p=0.010), previous vascular procedures (ORagjuseeda 51.61;
95% confidence interval 1.10,2425.14; p=0.045), pre-opera-
tive disease stage according to Rutherford (ORagjusted 22.21;
95% confidence interval 2.62,188.39; p= 0.004), preopera-
tive haemoglobin levels (ORadjustea 1.33; 95% confidence
interval 1.01,1.74; p= 0.040) and preoperative hematocrit
levels (ORagjustea 0.34; 95% confidence interval 0.13,0.89;
p=0.028).
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The results of logistic regression analysis (Coh & Snell R
square 0.534, Nagelkerke R square 0.740, Hosmer-Leme-
show Chi-squared 4.713, df=8, p = 0.788) with adjustment
for potential confounders are shown in Table II.

After examination of interaction between risk factors a
significant synergistic effect was found for the combination
of form of FP bypass and type of the graft (ORagjustea 140.95;
95%Confidence Interval 5.47,3632.14; p=0.003), type of the
graft and previous vascular procedures (ORagjusied 75.96;
95%Confidence Interval 1.14, 5060.94; p=0.043), form of FP
bypass and associated cardiovascular diseases (ORagjusted
68.03; 95% confidence interval 3.14,1472.69; p=0.007), type
of graft and associated cardiovascular disease (ORadjusted
25.71; 95%Confidence Interval 1.69,391.30; p=0.019), type
of graft and preoperative clinical stage of the disease accord-
ing to Rutherford (ORagjusted 2.83; 95% Confidence Interval
1.28,6.24; p=0.010), form of FP bypass and preoperative
clinical stage of the disease according to Rutherford
(ORagjusted 2.58; 95 % confidence interval 1.47,4.51; p=0.001)
(Table III).

Table 1. Baseline characteristics of cases and controls

Test value and sig- Crude odds ratios
Variable Cases (n=35) Controls (n=70) nificance of null hy- | with confidence in-
pothesis tervals (1.96*SE)
Sex(M/F) 27/8 53/17 2 =0.26 1.08 (0.41, 2.83)
(77%/23%) (76%/24%) p=0.871
Age (years, mean + SD) 65.00 +7.92 63.79 +£10.02 T=0.626 1.01 (0.97, 1.06)
p=0.533
Clinical stage of I 0 0% 7 10% ¥2=125.848 2.82 (1.77, 4.48)
disease according
to Rutherford Irjo 0% 16 22% p <0.001*
mie 17% 21 30%
vV | 11 31% 13 19%
V |15 43% 13 19%
VI |3 9% 0 0%
Duration of smoking 28.03 £16.08 26.51+17.03 U=1213,000 1.01 (0.98, 1.03)
(years, mean + SD) p=0.934
Alcohol consumption 8/27 18/52 2 =0.102 0.86 (0.33,2.22)
(23%/77%) (26%/74%) p=10.749
g 2 —
Form of femoropoplit 25/10 22/48 x°=15.099 5.45(2.24, 13.28)
eal bypass(below-knee
vs above-knee)
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Test value and sig-

Crude odds ratios

Variable Cases (n=35) Controls (n=70) nificance of null hy- | with confidence in-
pothesis tervals (1.96*SE)
(71%,29%) (31%, 69%) p <0.001*
Anticoagulant(AC) and | AC+AA 23 66% | AC+tAA 34 49% x2=4.001 0.58 (0.31, 1.11)
Antiaggregant (AA) AC 11 31% | AC 29 41% p=0.261
therapy AA 0 0% | AA 4 6%
without without
AA/AC 3 3% | AATAC 3 4%
Type of heparin SH 28 80% | S 54 T7% x?=0.274 0.85(0.42, 1.71)
LMWH 5 14% | LMWH 10 14% p=0.872
StLMWH 2 6% | StfLMWH 6 9%
Preoperative levels of 128.91 +20.85 133.67 +£19.98 T=-1.134 0.99 (0.97, 1.01)
haemoglobin p=0.260
Preoperative levels of 28.12+5.11 27.92 +6.27 U=1157.500 1.01 (0.94, 1.08)
aPTT p =0.646
Preoperative levels of 1.14 £0.30 1.08 £0.38 U =1067.000 1.57 (0.51, 4.89)
INR p=0.283
Preoperative levels of 38.57+£6.36 40.18 £5.67 T=-1323 0.95 (0.891, 1.023)
hematocrit p=0.189
Aortoiliac stenosis 6/29 18/52 x2=0.972 0.60 (0.21, 1.67)
(17%/83%) (26%/74%) p=0.324
Previous vascular inter- 9/26 13/57 x2=0.719 1.52 (0.58, 4.00)
vention (26%/74%) (19%/81%) p=10.397
Angiotensin converting 24/11 50/19 2 =0.677 0.80 (0.33, 1.94)
enzyme (ACE) inhibi- (69%/31%) (71%/29%) p=0.713
tors
Beta blockers 16/19 28/42 x?=0.313 1.26 (0.56, 2.86)
(46%/54%) (40%/60%) p=0.576
Diuretics 11/24 24/46 x2=0.086 0.88 (0.37, 2.09)
(31%/69%) (34%/66%) p=0.770
Calcium channel block- 6/29 17/53 x2 = 0.696 0.64 (0.23, 1.82)
ers (17%/83%) (24%1/76%) p=0.404
Metformin 2/33 14/56 ¥ =3.687 0.24 (0.05, 1.13)
(6%/94%) (20%/80%) p =0.055
Insulin 5/30 9/61 x?=0.041 1.13(0.35, 3.67)
(14%/86%) (13%/87%) p=0.839
Type of graft 32/3 61/9 x?=0.423 1.57 (0.40, 6.22)
(artificially vs venous) (91%/9%) (87%/13%) p=0.515
Finnvastic score 5/30 5/65 2 =1.382 2.17 (0.58, 8.05)
(14%/86%) (7%/93%) p=0.295
Cardiovascular diseases 20/15 26/44 2 =3.791 2.26 (0.98, 5.16)
57%/43% 37%/63% p =0.052
Chronic renal insuffi- 5/30 4/66 2 =2.188 2.75(0.69, 10.97)
ciency 14%/86% 6%/94% p=0.156
Peptic ulcer disease 5/30 5/65 2 =1.382 2.17 (0.58, 8.05)
14%/86% 7%/93% p=0.295
Number of angiograph- 16/9/8 15/28/21 x2=6.359 1.75 (1.01, 3.06)
ically passable crural
recipient arteries 48,5%/27,3%/24,2% | 32,8%/43,8%/23,4% p =0.042*

1/2/3
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Test value and sig- Crude odds ratios
Variable Cases (n=35) Controls (n=70) nificance of null hy- | with confidence in-
pothesis tervals (1.96*SE)
Diabetes 11/24 23/47 2 =0.022 0.94(0.39, 2.24)
31%/69% 33%/67% p=0.883
Malignancy 0/35 5/65 x> =2.625 0.00
0%/100% 7%/93% p=0.167
Perioperative blood 6/29 9/61 2 =0.350 1.40 (0.46, 4.31)
transfusion 17%/83% 13%/87% p=0.554
Alpha blockers 2/33 2/68 2 =10.520 2.06 (0.28, 15.28)
6%/94% 3%/97% p=0.471

* Significant difference

SD= Standard Deviation

AC =Anticoagulants

AA = Antiaggregant

SH = Standard heparin

LMWH = Low molecular weight heparin

aPTT = Activated Partial Thromboplastin Time;
INR = international Normalized Ratio;

ACE = Angiotensin Converting Enzyme;

Table II. Crude and adjusted odds ratios of the risk factors for femoropopliteal bypass graft occlusions*

Risk factors

Crude OR (95% CI)

Adjusted OR (95% CI)

Form of femoropopliteal bypass(below-knee
vs above-knee)

5.45(2.24, 13.28)

115.34(4.02, 3306.55)

Type of graft
(artificially vs venous)

1.57(0.40, 6.22)

81.62(1.03, 6486.32)

Cardiovascular diseases

2.26(0.98, 5.16)

55.64(2.63, 1176.94)

Previous vascular intervention

1.52(0.58, 4.00)

51.61(1.10, 2425.14)

Clinical stage of disease according to Ruther-
ford

2.82(1.77, 4.48)

22.21(2.62, 188.39)

Preoperative levels of haemoglobin

0.99(0.97, 1.01)

1.33(1.01, 1.74)

Preoperative levels of hematocrit

0.95(0.89, 1.02)

0.34 (0.13, 0.98)

* For the sake of clarity only significant associations are shown in the table (95% CI of adjusted OR does not include value

of 1)
OR = Odds Ratio;
CI = onfidence Intervals

Table III. Synergistic effects of risk factors for the femoropopliteal bypass graft occlusions

Risk factors

Crude OR (95%
(o))

Adjusted OR (95% CI)

Form of femoropopliteal bypass (below-knee vs above-
knee)

5.45(2.24, 13.28)

115.34(4.02, 3306.55)

Type of graft
(artificially vs venous)

1.57(0.40, 6.22)

81.62(1.03, 6486.32)

Cardiovascular diseases

2.26(0.98, 5.16)

55.64(2.63, 1176.94)

Previous vascular intervention

1.52(0.58, 4.00)

51.61(1.10, 2425.14)

Clinical stage of disease according to Rutherford

2.82(1.77,4.48)

22.21(2.62,188.39)

Preoperative levels of haemoglobin

0.99(0.97, 1.01)

1.33(1.01, 1.74)

Preoperative levels of hematocrit

0.95 (0.89, 1.02)

0.34 (0.13, 0.98)
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Crude OR (95%

ing to Rutherford

Risk factors I Adjusted OR (95% CI)
Form of femoropopliteal bypass(below-knee vs above- 5.54(2.30,13.35) 140.95(5.47, 3632.14)*
knee) by Type of graft p=0.003
(artificially vs venous)
Type of graft 1.50(0.52,4.35) 75.96(1.14, 5060.94)*
(artificially vs venous) by Previous vascular intervention p=0.043
Cardiovascular diseases by Form of femoropopliteal by- 4.50(1.75,11.60) 68.03(3.14, 1472.69)*
pass(below-knee vs above-knee) p=0.007
Type of graft 2.03(0.89,4.64) 25.71(1.69, 391.30)*
(artificially vs venous) by Cardiovascular diseases p=0.019
Previous vascular intervention by Form of femoropoplit- 2.70(0.76,9.53) 4.22(0.20, 90.46)
eal bypass(below-knee vs above-knee) p=0.357
Type of graft 1.86(1.39,2.61) 2.83 (1.28, 6.24)*
(artificially vs venous) by Clinical stage of disease accord- p=0.010

Clinical stage of disease according to Rutherford by Form

1.65(1.32,2.05) 2.58(1.47,4.51)*

of femoropopliteal bypass(below-knee vs above-knee) p=0.001
Preoperative levels of haemoglobin by Form of fem- 1.01(1.01,1.02) 1.02(1.01,1.04)
oropopliteal bypass(below-knee vs above-knee) p=0.008

Preoperative levels of hematocrit by Form of femoropop-

1.04(1.02,1.06) 1.06(1.02,1.12)

liteal bypass(below-knee vs above-knee) p=0.009
Preoperative levels of haemoglobin by Preoperative lev- 1.00(1.00-1.00) 1.00(0.99,1.00)
els of hematocrit p=0.381

* Clinically significant interaction
OR = Odds Ratio
CI = Confidence Interval

DISCUSSION

Each year about 220 new cases of CCLI per million are
reported worldwide!®. Revascularization procedures are nec-
essary in approximately 50% of patients and FP bypass is
usually performed'® . A major complication after FP bypass
surgery is graft occlusion with a frequency of 25 — 35% over
a two-year postoperative period'.

Since previous studies demonstrated the impact of gen-
der*>” and age® on the occurrence of graft occlusions, we
matched our patients by sex and age in order to discover in-
fluences of other variables. According to our research main
risk factors for graft occlusion are the form of FP bypass, type
of graft, associated cardiovascular disease, previous vascular
procedures and preoperative clinical stage of the disease ac-
cording to Rutherford.

Below-knee FP bypass was a significant risk factor for
graft occlusion in our study, and these results are consistent
with other studies®’. In addition, below-knee FP bypass is a
significant factor affecting the limb salvage duration?.

Type of graft, i.e. synthetic graft, is an important risk fac-
tor for graft occlusion according to the results of our study,
which corresponds with the literature explaining a clear ben-
efit for autologous vein when compared to synthetic materi-
als*7%1327 " Algo, limb ischaemia resulting from graft occlu-
sion seemed to cause more severe effects in artificial graft

compared with venous graft®?’. Autogenous saphenous vein
is considered to be the best material for FP bypass. A syn-
thetic graft is considered only as an acceptable alternative.
There is a significantly increased rate of occlusion in artifi-
cial graft compared to venous graft (48% versus 18%
; p=0.005)8 .

Interaction between the type of graft and form of bypass
showed highly significant association with graft occlusion
and these results also correspond to previous research®. Ac-
cording to these results synthetic peripheral FP bypass
seemed to have the highest rate of graft occlusion, as shown
in other studies, where early graft occlusion was around 8.2%
in artificial graft and 4.7% in vein graft® .

However, according to previous studies impact of pa-
tients’ chronic diseases on graft occlusion is a conflicting is-
sue!>?8, We found a significant impact of associated cardio-
vascular diseases on graft occlusion. It is logical, since coro-
nary artery disease and cerebrovascular disease often appear
along with PAOD as a manifestation of generalized athero-
sclerosis. Approximately 40-60% of patients with PAOD
also have associated cardiovascular disease'®. In patients
with cardiovascular disease peripheral perfusion is reduced
due to heart failure and left ventricular relaxation. Conse-
quently, in patients with PAOD and related cardiovascular
diseases graft occlusions occur more frequently. On the con-
trary, in some studies patients with diabetes have a lower
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incidence of graft occlusion, and better results after FP by-
pass procedures if compared with patients without diabetes®.
There is also an inverse association between diabetes and
graft occlusion after FP bypass, but without statistical signif-
icance®. The rate of early occlusion in non-diabetic patients
was 5.5%, in insulin-dependent diabetic patients 4.4%, and
in patients with insulin-independent diabetes 4.0%?. The oc-
currence of early occlusion was 28% less likely in patients
who take insulin than in those who take oral antidiabetics®.
However, in our study we did not find significant effect of
diabetes and type of antidiabetic drug on graft occlusion. This
is not surprising, since in patients with diabetic PAOD is
more aggressive, with early major blood vessels involvement
and more rapid disease progression.

There is also controversy over significance of the impact
of chronic renal insufficiency (HRI) in patients with PAOD
on graft occlusion after FP bypass. Some authors state that
HRI has no effect on graft occlusion, which corresponds to
our results!”. There are also dissenting opinions'®. Since the
mortality rate of these patients is already high, it is important
to identify the subset of patients who demonstrate benefit and
improve the quality of life after revascularization.

Our results also showed statistical significance of previ-
ous vascular and endovascular intervention in relation with
graft occlusion. They indicate generalized atherosclerosis
and more advanced stages of the disease. According to some
studies previous aortobifemoral bypass, contralateral ampu-
tation, ipsilateral FP bypass, grafting revision, and endovas-
cular procedures are significant risk factors for graft occlu-
sion!®14

Advanced clinical stage of disease according to Ruther-
ford as a manifestation of advanced limb atherosclerosis and
advanced vascular ischaemia, according to our results, sig-
nificantly affect the occurrence of graft occlusion, which cor-
responds with the results of other studies®%. In patients who
underwent FP bypass for claudication, pain at rest or tissue
loss, we found significantly lower limb preservation rates?.

According to the literature average hematocrit level in
the examined patients is 38%. In patients with higher hema-
tocrit level the risk of graft occlusion is lower if compared
to those with lower hematocrit levels®. The decrease by 1%
below 38% hematocrit level increases the rate of occlusion
for 2%?°. Our results indicate that hematocrit levels are in-
versely proportional to occurrence of occlusion, which corre-
sponds to the results of other authors®. However, although
statistically significant, hematocrit level may not be clini-
cally relevant.

According to most authors number of patent crural recip-
ient arteries significantly affects the occlusion!!?. We did not
find a number of patent crural recipient arteries to be statisti-
cally significant factor, which was also found by some au-
thors? .
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Nicotine consumption is an influential factor. A number
of authors emphasize that smoking is significant factor in the
development of graft occlusion’ , while others dispute it as a
statistically significant effect’. We did not find that duration
of nicotine consumption influences graft occlusion.

The results obtained in our study did not show significant
impact of AA and AC therapy on the occurrence of graft oc-
clusion, which corresponds to previous results®. The preven-
tion of postoperative graft occlusion by AC and AA, or by
combination therapy (AA and AC) is a routine measure. In
prevention of polytetrafluoroethylene (PTFE) graft occlusion
there was a slight but not statistically significant decrease in
the frequency of occlusion using AC and AA therapy if com-
pared to AA (39.3% versus 47.2%; p = 0.62)%. Two-fold in-
crease in risk of severe ischemia without the use of AC vita-
min K antagonist (VKA) indicated that, even not statistically
significant, AC VKA and AA therapy was useful in PTFE
graft®. Given the increased risk of bleeding and costly treat-
ment, PTFE graft may be considered inappropriate for FP by-
pass, if great saphenous vein is available® .

Some authors state that AC VKA may be useful for FP
bypass with low graft flow (midgraft velocity < 45 cm/s).
Given the low incidence of high-flow bypass occlusion, the
use of AC therapy was not significant for either popliteal or
femoral bypass®. Although not statistically significant, AC
therapy is justified considering the two-fold lower risk of se-
vere limb ischaemia®. Aspirin has a slight effect on the pa-
tency of the graft, but such effect was significantly lower in
venous graft when compared to artificial graft'! .

Curi and associates show reduced long-term graft patency
in patients with hypercoagulable states'®. They are usually at
young age. We have not found a significant effect of preoper-
ative coagulation factors on graft occlusion.

The main drawback of this study were its limitation to one
centre and its retrospective design. Although we used some
of the useful strategies for minimizing potential subjectivity
in sampling and measuring the outcomes, such as matching
of cases with controls, a lot of patients were not included due
to incomplete patient files, and true randomization of
matched controls was not possible. These circumstances
hampered our ability to analyze the impact of some poten-
tially important factors on the occurrence of graft occlusion
after FP bypass, such as body mass index , blood lipid param-
eters and hypolipemic therapy, primarily statins, and color
duplex scan verified postoperative graft blood flow velocity.

CONCLUSIONS

The results of our study suggest that previous and con-
comitant cardiovascular diseases and severity of the vascular
disease itself should always be taken into account together
with type of the graft and type of the operative procedure
when planning femoropopliteal bypass in a patient with
lower extremity vascular disease. Adequate indications for
surgery, preoperative assessment and preparation of patients
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with chronic conditions, selecting the form of bypass and
type of graft and dealing with preventable risk factors signif-
icantly should reduce the rate of graft occlusions, limb am-
putations and disabled patients. This study may also suggest
some hypotheses for future research, in which well known
risk factors of graft occlusion after femoropopliteal bypass
may be combined with the certain factors identified in this
survey as significant predictors of the graft occlusion.
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ABSTRACT

Metabolic syndrome (MetS) and ulcerative colitis (UC) are wide-
spread health conditions characterized by chronic, low-grade in-
flammation. Galectin-1 (Gal-1), an immunomodulatory peptide
mainly secreted from adipose tissue, could potentially play a cru-
cial role in mitigating these conditions. This cross-sectional study
explores the involvement of Gal-1 in MetS and UC within a cohort
of 75 patients, newly diagnosed with UC. The MetS subgroup dis-
played increased fecal Gal-1 levels compared to those without
MetS. Furthermore, Gal-1 showed predominance over pro-in-
flammatory cytokines, including TNF-a, IL-6, and IL-17, in these
subjects. These findings emphasize the potential involvement of
Gal-1 in the pathophysiology of UC and MetS, presenting it as a
promising diagnostic biomarker and therapeutic target for these
conditions.

Keywords: Galectin-1, Ulcerative Colitis, Metabolic Syndrome,
Inflammation.
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INTRODUCTION

Ulcerative Colitis and Metabolic Syndrome are two dis-
parate medical conditions, both representing significant bur-
dens on global health (1). UC, an inflammatory bowel dis-
ease, primarily affects the colon, leading to chronic inflam-
mation and ulcers (2). MetS, on the other hand, is a cluster of
conditions - increased blood pressure, high blood sugar, ex-
cess body fat around the waist, and abnormal cholesterol lev-
els - that occur together, increasing the risk of heart disease,
stroke, and type 2 diabetes (3).

Galectin-1 (Gal-1), a cell-surface binding lectin protein,
is involved in numerous biological processes, including in-
flammation regulation, immune response modulation, cell-
cell adhesion, and cell growth (4). This protein is notably
abundant in inflamed tissues, and its secretion intensifies in
activated macrophages within these areas (5). In patients with
UC, characterized by mild colonic tissue inflammation, se-
rum Gal-1 levels have been observed to significantly rise
compared to those with severe inflammation (6). This dis-
crepancy suggests a protective role for Gal-1 in preserving
the intestinal epithelium.

Paralleling these observations in UC, MetS — a condition
marked by chronic low-grade inflammation, insulin re-
sistance, and obesity — also reveals intriguing connections
with Gal-1 (7). This protein is implicated in managing in-
flammation within adipose tissue and moderating insulin re-
sistance, both crucial elements in MetS pathophysiology (8).
Increased systemic Gal-1 levels found in metabolic diseases
underline its potential role in the genesis of these disturb-
ances (9). Taken together, these findings highlight the poten-
tial pivotal role of Gal-1 in the pathophysiological mecha-
nisms that underlie both UC and MetS. This suggests that
Gal-1 could be a promising novel biomarker for these condi-
tions.

The intersection between UC and MetS warrants further
exploration. Patients diagnosed with UC are at a heightened
risk of developing MetS, and reciprocally, those with MetS
have a greater predisposition towards UC (10). Chronic in-
flammation, a shared trait in both conditions, might play a
key role in the interrelation between UC and MetS. Given its
function in managing inflammation and metabolic processes,
Gal-1 could serve as a critical connector between these two
pathologies.

Therefore, this study aims to delve into the relationship
between systemic and local Gal-1 levels in individuals with
UC and MetS. By doing so, we aim to contribute to a more
profound understanding of the role of Gal-1 in inflammation
and immune modulation in these conditions. Our findings
may provide novel insights into potential therapeutic ap-
proaches for UC and MetS by targeting the inflammatory
pathway via modulation of Gal-1.

MATERIALS AND METHODS
Characteristics of the Study Population

A total of 75 patients (42 males and 33 females), aged
between 21 and 80 years, with newly diagnosed and histolog-
ically confirmed ulcerative colitis, were enrolled in an obser-
vational cross-sectional study. Recruited UC patients were
divided in two groups, utilizing the Adult Treatment Panel I11
(ATP III) criteria for the diagnosis of MetS (11): Group with-
out MetS (no MetS) and group with MetS. The criteria for
diagnosing metabolic syndrome (MetS) according to the
ATP III guidelines include the presence of three or more of
the following components: 1)Central Obesity: Defined by
waist circumference measurements. A waist circumference
exceeding 40 inches (102 cm) in men and 35 inches (88 cm)
in women is indicative of central obesity; 2) Hypertension:
Characterized by blood pressure readings of 130/85 mmHg
or higher, or active treatment for previously diagnosed hy-
pertension; 3) Dysglycemia: Noted by a fasting plasma glu-
cose level exceeding 5.5 mmol/L (99 mg/dL) and/or a 2-hour
post-load plasma glucose level above 7.8 mmol/L (140
mg/dL), or active treatment for previously diagnosed dysgly-
cemia; 4) Elevated Triglycerides: Triglyceride levels at or
above 1.7 mmol/L (150 mg/dL) are considered high, 5) Low
High-Density Lipoprotein (HDL) Cholesterol: Levels below
1.03 mmol/L (40 mg/dL) in men and 1.29 mmol/L (50
mg/dL) in women are deemed low, indicating potential met-
abolic imbalance.

All patients within the UC + MetS group meet all of the
aforementioned criteria. Each patient received an exhaustive
medical evaluation comprising a thorough medical history
review, physical examination, routine laboratory tests, and
diagnostic imaging procedures, including chest X-ray, ab-
dominal ultrasound, abdominal computed tomography scan,
and endoscopy. The research took place at two premier insti-
tutions - the Center for Gastroenterology, Clinical Center of
Kragujevac, and the Center for Molecular Medicine and
Stem Cell Research, Faculty of Medical Sciences, University
of Kragujevac, Serbia. Ethical approval was secured from the
respective Ethic Committee of Clinical Center of Kraguje-
vac. The study rigorously upheld the Principles of Good Clin-
ical Practice and the Declaration of Helsinki. Informed con-
sent was obtained from all patients before conducting blood
and tissue analyses. Throughout the study, patients received
continuous medical supervision at the Clinical Center Kragu-
jevac, ensuring optimal care and safety.

The exclusion criteria for this study were as follows: In-
dividuals under the age of 21 or over the age of 80, pregnant
or breastfeeding women, patients with a history of other in-
flammatory bowel diseases such as Crohn's disease, individ-
uals previously diagnosed with metabolic conditions other
than Metabolic Syndrome, such as Type 1 diabetes or Cush-
ing's syndrome. Additionally, those with a history of cancer,
severe cardiovascular diseases, liver or renal insufficiency, or
any autoimmune diseases were excluded. Patients who had
undergone bowel resection surgery or had a stoma were also



2026;27(2)

excluded. Finally, individuals who had used immunosuppres-
sants, systemic corticosteroids, or antibiotics within the past
3 months, or were participating in other clinical trials, were
also excluded from the study.

The diagnosis and severity assessment of UC in each case
were established based on histological and clinical scores. To
ensure consistent evaluation of the mucosal condition, all en-
doscopic procedures were conducted by a skilled endosco-
pist. The severity of endoscopic lesions in UC was deter-
mined using the Mayo endoscopic sub-score (12). This scor-
ing system assesses the extent and severity of inflammation
observed during endoscopy. It includes various criteria such
as vascular pattern, erythema, friability, and ulceration. The
scoring ranges from 0 to 3, with 0 indicating no inflammation
and 3 representing severe inflammation.

The clinical score for assessing the severity of UC was
determined using two indices: the Truelove and Witts clinical
activity index and the Mayo clinical index (13). The Truelove
and Witts clinical activity index evaluates various clinical pa-
rameters such as the number of stools per day, presence of
blood in the stool, temperature, pulse rate, and general well-
being. Each parameter is assigned a score, and the cumulative
score provides an overall assessment of disease activity. On
the other hand, the Mayo clinical index incorporates addi-
tional factors such as physician's global assessment, patient-
reported outcomes, and laboratory markers like erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) lev-
els. This index aims to provide a comprehensive evaluation
of the patient's clinical status, considering both objective
measures and subjective assessments.

The histological score in this study was determined using
the Geboes grading system (14). Histological sections were
analyzed in a blinded manner by two independent
pathologists. This approach ensured unbiased evaluation of
the histological features without knowledge of other clinical
or endoscopic findings. The Geboes grading system provides
a standardized framework for assessing histopathological
changes in ulcerative colitis, including parameters such as in-
flammation, epithelial damage, crypt architecture, and pres-
ence of ulceration.

Quantification of Fecal and Serum Cytokine Levels

The procedure for preparing fecal samples followed the
method outlined earlier (15). To summarize, a 1g sample of
feces was diluted, stirred, and homogenized in SmL of a pro-
tease inhibitor cocktail (P8340, Sigma Aldrich, St. Louis,
MO, USA). Blood samples were collected from both patients
and control subjects at 8 am, with serum being separated,
gathered, and preserved at -80 °C until required for testing.
The serum and fecal supernatants from UC patients were as-
sessed for levels of tumor necrosis factor o (TNF-a), inter-
leukin-6 (IL-6), interleukin-10 (IL-10), interleukin-17 (IL-
17), and Gal-1. The quantification was carried out using
ELISA tests commercially available, following the guide-
lines provided by the product manufacturer.
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Statistical analysis

All statistical analyses in this study were performed using
SPSS software (version 22.0; IBM Corp., Armonk, NY,
USA). Descriptive statistics were used to summarize partici-
pant demographics and clinical characteristics. Continuous
variables were presented as mean + standard error of mean
(SE) based on their distribution, assessed by the Shapiro-
Wilk test. Categorical variables were reported as frequencies
and percentages. The Student's t-test (for normally distrib-
uted data) or Mann-Whitney U test (for non-normally distrib-
uted data) were used to compare continuous variables be-
tween two groups. Categorical variables were compared us-
ing the Chi-square test or Fisher's exact test, as appropriate.
A p-value <0.05 was considered statistically significant in all
analyses.

RESULTS

Laboratory Parameter Differences between UC Patients
with and without Metabolic Syndrome

A total of 75 patients were enrolled in the study, of which
61 had Ulcerative Colitis (UC) with Metabolic Syndrome
(MetS) and 14 had UC without MetS. The study revealed sig-
nificant differences in certain laboratory parameters between
these two patient groups. Patients with UC and MetS demon-
strated significantly elevated levels of creatinine (82.21
+2.89 pumol/L vs 66.75 £3.54 pumol/L, p=0.014) and urea
(6.17 £ 0.42 mmol/L vs 3.65 £+ 0.54 mmol/L, p<0.05) com-
pared to UC patients without MetS. Furthermore, the liver
enzymes aspartate aminotransferase (AST) and alanine ami-
notransferase (ALT) also showed significantly higher values
in UC patients with MetS (AST: 33.51+ 2.57 U/L vs 22.74
+2.27 U/L, p=0.03; ALT: 37.86+6.21 U/L vs 22.69 + 3.39
U/L, p= 0.031). Additionally, serum triglycerides (1.72 +
0.21 mmol/L vs 0.79 £ 0.09 mmol/L, p= 0.003) and choles-
terol levels (5.22 + 0.17 mmol/L vs 3.63 + 0.25 mmol/L, p=
0.001) were significantly higher in patients with both UC and
MetS as compared to those with UC alone. In contrast, the
leukocyte count was found to be significantly lower in UC
and MetS patients (8.09 + 0.25 x10°/L vs 10.57 + 1.34
x10%/L). However, there were no significant differences be-
tween the two groups regarding the number of thrombocytes,
hemoglobin levels, HDL, Low-Density Lipoprotein (LDL),
Gamma-Glutamyl Transferase (gamma GT), albumin, and
globulin levels (data not shown).

Severity of UC Manifestations in Patients with Meta-
bolic Syndrome

Patients diagnosed with both Metabolic Syndrome
(MetS) and Ulcerative Colitis (UC) displayed significantly
milder manifestations, despite elevated metabolic markers.
This was evidenced by a notably lower Mayo endoscopic
subscore (3+0 vs 2+0.75; p=0.038) and Mayo clinical score
(3+0 vs 2+1; p=0.005). Endoscopic examination typically
showed minor mucosal abnormalities, in contrast to more se-
vere findings in UC patients without MetS. Pathohistological
scores, such as chronic inflammatory infiltration (2.20+0.50
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vs 1.75 + 0.20; p = 0.044) and eosinophilic infiltration (2.10
+0.50 vs 1.50+ 0.25; p = 0.031), further supported these ob-
servations, suggesting that MetS might attenuate UC sever-

1ty.

Elevated Galectin-1 Levels and Its Ratio with
Pro-Inflammatory Markers in Sera and Fecal
Samples of UC Patients with Metabolic Syndrome

We evaluated the concentration of Gal-1 in both the sera
and fecal liquid fraction across all UC patients. From previ-
ous research, it was demonstrated that patients with MetS dis-
played a significantly lower serum level of the pro-inflam-
matory cytokine IL-17 (16). Yet, in the same study, there
were no significant differences in systemic concentrations of
pro-inflammatory cytokines such as TNF-o and IL-6 between
patients with or without MetS. Furthermore, fecal concentra-
tions of these pro-inflammatory cytokines did not signifi-
cantly differ between the two groups (16).

As illustrated in Figure 1A, no notable difference was ob-
served in systemic concentration of Gal-1 between patients
with and without MetS (181.4+110.7 pg/ml vs 1037.0+80.0
pg/ml; p= 0.538). Conversely, a significantly higher level of
fecal Gal-1 was noted in MetS patients (738.78+£88.02 vs
219.07425.39; p= 0.013) (Figure 1B).

Figure 1. Galectin-3 (Gal-1) levels in patients with ulcera-
tive colitis (UC) with and without metabolic syndrome
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The figure displays serum (A) and fecal (B) Gal-1 values.
The Student's t-test or the Mann-Whitney U test was uti-
lized to assess statistically significant differences, as appro-
priate. Values are presented as mean + standard error of the
mean. Note that Gal-1 refers to Galectin-1 in this context.

It is hypothesized that the ratio of counter-regulatory cy-
tokines may serve as a relevant disease indicator. Conse-
quently, we analyzed the interrelationships of the examined
biomarkers. Figure 2 presents the relationship between serum
levels of Gal-1 and pro-inflammatory cytokines TNF-a, IL-
6, and IL-17. There was a significant difference in the ratio
of serum Gal-1 to IL-17 (2.12+0.15 vs 1.53+0.08; p=0.034)
(Figure 2A). The ratios of Gal-1/TNF-a (3.06+0.51 vs
2.58+0.14; p=0.746) and Gal-1/IL-6 (2.16+0.34 vs
1.89+0.15; p=0.625) were higher in the MetS patient group,
albeit not statistically significant (Figures 2B and 2C).

Figure 2. Relationships between serum Gal-1
and pro-inflammatory cytokines TNF-a, IL-17,
and IL-6 in patients.
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(A) Shows the ratio of serum Galectin-1 to IL-17 (sGal-

1/IL-17). (B) Shows the ratio of serum Galectin-1 to TNF-a
(sGal-1/TNF-a). (C) Shows the ratio of serum Galectin-1 to
IL-6 (sGal-1/IL-6). Statistical significance was tested using
the Mann-Whitney U test. Values are presented as mean +
standard error of the mean. Please note: Tumor necrosis fac-
tor o (TNF-a), Interleukin-17 (IL-17), Interleukin-6 (IL-6),
and Galectin-1 (Gal-1) are the analytes involved.
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As demonstrated in Figure 1B, the concentration of Gal-
1 was significantly higher in the feces of individuals with UC
and MetS. Subsequently, we determined the ratio of Gal-1 to
pro-inflammatory cytokines TNF-alpha, IL-6, and IL-17 in
patient feces. Figure 3A shows that the ratios of Gal-1 to
TNF-a were significantly higher in the patient group with
MetS (0.46+0.12 vs 0.18+0.02; p=0.009). Examination of
Gal-1/IL-6 in feces (Figure 2B) also revealed significantly
higher ratio values (0.61£0.09/0.36 vs 0.23+0.02/0.20;
p=0.049) in patients with MetS. Similar to the Gal-1/IL-17
ratio in serum, this ratio was also statistically higher in UC
patients' feces (0.39+0.05 vs 0.39+0.05; p= 0.023). These re-
sults indicate a dominance of Gal-1 over pro-inflammatory
cytokines in both serum and feces of patients with ulcerative
colitis and metabolic syndrome.

Figure 3. Association between fecal Galectin-1 (Gal-1)
and pro-inflammatory cytokines TNF-a, IL-17,
and IL-6 in patients.
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Each patient was evaluated separately. (A) Illustrates the ra-
tio of fecal Galectin-1 to Tumor Necrosis Factor a (fGal-
1/TNF-a). (B) Shows the ratio of fecal Galectin-1 to Inter-

leukin-6 (fGal-1/IL-6). (C) Depicts the ratio of fecal Galec-

tin-1 to Interleukin-17 (fGal-1/IL-17).
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Statistical significance was determined using the Mann-
Whitney U test. Results are presented as the mean + standard
error of the mean. Please note: Tumor necrosis factor o
(TNF-a), Interleukin-17 (IL-17), Interleukin-6 (IL-6), and
Galectin-1 (Gal-1) are the analytes involved.

DISCUSION

In this study, we sought to explore the intersection of Ul-
cerative Colitis (UC), Metabolic Syndrome (MetS), and their
relationship to galectin-1 (Gal-1), a biomarker with proposed
immunomodulatory properties. The results of our investiga-
tion have revealed several compelling findings that signifi-
cantly contribute to the existing body of research.

Our study noted elevated levels of creatinine, urea, AST,
ALT, triglycerides, and cholesterol in UC patients with MetS
compared to those with UC alone, aligning with previous lit-
erature and indicating metabolic dysregulation in MetS pa-
tients (3, 16). Interestingly, despite these heightened meta-
bolic markers and chronic inflammation typically associated
with MetS, the severity of UC was lesser in MetS patients.
This is in line with our previous study (16), suggesting a po-
tential interaction between systemic metabolic factors and lo-
cal gut inflammation that merits further exploration.

Galectin-1, a recently identified peptide primarily re-
leased from adipose tissue, has been shown to have anti-in-
flammatory effects, although its specific function is not pre-
cisely defined (17). The aim of our study was to compare the
relationship between serum and fecal levels of Gal-1 in rela-
tion to metabolic syndrome. Though we found no significant
difference in serum concentrations of Gal-1 between UC pa-
tients with and without MetS, we observed that patients with
MetS had a significantly higher fecal concentration of Gal-1.
The reason behind this discrepancy remains unclear, but it
might be due to local changes in the gut environment.

Previous studies have reported elevated systemic levels
of Gal-1 in metabolic disorders (9). For instance, Acar et al.
found significantly higher serum levels of Gal-1 in obese
children compared to those of normal weight (18). The level
of Gal-1 was significantly increased in the subcutaneous dia-
lysate of patients with type 2 diabetes compared to healthy
controls (19). Moreover, the expression of messenger RNA
for Gal-1 was found to be increased in the adipocytes of pa-
tients with type 2 diabetes (20). In line with these findings,
serum Gal-1 was 4.8 times higher in diabetic samples com-
pared to controls (20). These results point to a potential role
of Gal-1 in the genesis of metabolic disorders and identify
Gal-1 as a new diagnostic marker for these diseases.

In our investigation, we found higher local levels of Gal-
1 (Figure 2), and a predominance of Gal-1 over pro-inflam-
matory cytokines TNF-a, IL-6, and IL-17 (Figures 3 and 4)
in patients with metabolic syndrome. Galectin-1 can function
both intracellularly and extracellularly following secretion
(21). Soluble Gal-1 interacts with fibronectin, integrin, lam-
inin, and Vascular Endothelial Growth Factor Receptor 2
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(VEGFR?2) receptors, consequently triggering proliferation,
adhesion, migration, or angiogenesis (22, 23). The role of
Gal-1 in the onset, progression, and resolution of inflamma-
tion is well-defined (24). Earlier studies have revealed that
Gal-1 inhibits cell growth and induces apoptosis of activated
leukocytes (25). Previous work has also shown that Gal-1 di-
rects the acquired immune response towards type 2, concur-
rently inhibiting the secretion of Interferon-gamma (IFNy),
TNFa, IL-2, and IL-12 while facilitating the production of
type 2 cytokine IL-5 (26, 27). Some studies suggest that Gal-
1 may inhibit effector T lymphocytes and consequently sup-
press the potent immune response initiated by pro-inflamma-
tory cytokines (28). The anti-inflammatory properties of Gal-
1 have been confirmed in several models of chronic inflam-
matory and autoimmune diseases, including experimental au-
toimmune encephalomyelitis, arthritis, uveitis, hepatitis, and
diabetes (29, 30). The use of human recombinant galectin-1
induces reduced secretion of type 1 cytokines (TNF-a, IL-1,
IL-12, and IFN-y) and inflammation suppression in the di-
gestive tract, specifically through the induction of apoptosis
in IFN-y-producing effector T lymphocytes (31). Increased
concentration and predominance of the immunosuppressive
activity of Gal-1 restrict the local chronic inflammatory re-
sponse by inhibiting the activity of infiltrating leukocytes and
the secretion of inflammation mediators.

A recent study showed that inflammation, accompanied
by the production of pro-inflammatory cytokines (IL-1j,
TNF, IL-13), intensifies the binding of Gal-1 to enterocytes
and subsequent modulation, which triggers a compensatory
effect on enterocytes to protect the epithelium and restore in-
testinal homeostasis (32). Increased concentration of Gal-1
may be the sign of its protective effect on local intestinal mu-
cosa.

CONCLUSION

Our study substantiates the critical role of galectin-1
(Gal-1) in the pathogenesis of metabolic syndrome (MetS)
and ulcerative colitis (UC). We noted increased Gal-1 levels,
both systemically and locally, among individuals with MetS,
suggesting that Gal-1 might exert a protective and immuno-
suppressive effect in these conditions. This elevation in Gal-
1 concentrations could represent a physiological response
aimed at mitigating the chronic low-grade inflammation in-
herent in MetS and UC. This observation underscores the po-
tential of Gal-1 as a novel diagnostic marker and a potential
therapeutic target in the management of MetS and UC. Our
findings pave the way for further investigation into the role
of Gal-1 in these conditions and warrant further studies to
elucidate the therapeutic potential of modulating Gal-1 in the
management of UC and MetS.
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since these two types of glaucoma are highly reported clinically.
Based on laboratory analysis, we divided patients into three
groups: primary open-angle glaucoma patients with hypothyroid-
ism, pseudoexfoliation glaucoma patients with hypothyroidism
and control group that included healthy subjects. In our research,
we found that there were discrete differences between glaucoma
patients and control subjects in serum levels of free triiodothyro-
nine and free thyroxine. In other words, these differences were in-
significant. Patients with primary open-angle glaucoma and
pseudoexfoliation glaucoma had increased serum levels of thy-
roid stimulating hormone, when compared to patients in control
group. This study highlights the interaction between thyroid hor-
mones and glaucoma development. Laboratory analysis of glau-
coma patients confirmed thyroid peroxidase antibodies levels
greater than normal. Control group had physiological range of
thyroid peroxidase antibodies. These findings support autoim-
mune theory of glaucoma development.
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INTRODUCTION

Glaucoma is one of the most important causes of irre-
versible blindness in the world due to progressive optic nerve
degeneration (1). Based on the state of iridocorneal angle,
glaucoma could be classified into two categories: open-angle
glaucoma or closed-angle glaucoma. Closed-angle glaucoma
has a narrow iridocorneal angle, while open-angle glaucoma
is defined by increased resistance in the trabecular meshwork
(TM). Both, open-angle glaucoma and closed-angle glau-
coma can be primary or secondary. Primary open-angle glau-
coma (POAG) is the predominant type of glaucoma (2),
while pseudoexfoliation glaucoma (XFG) represents the
most important form of secondary glaucoma and is mostly
open-angle, but can be also closed-angle glaucoma (3).

POAG is the most highly reported type of glaucoma clin-
ically (4). It is a multifactorial disease in which aging, genetic
factors, inflammation and oxidative stress may play a signif-
icant role (5).

Pseudoexfoliation syndrome (PEX) is a systemic age-re-
lated progressive disorder characterized by abnormal produc-
tion and aggregation of white extracellular microfibrillar ma-
terial (6) in multiple organ systems throughout the human
body (heart, lungs, kidneys, gallbladder, skin, cerebral me-
ninges, eyes etc.) (7). If PEX deposits accumulate in the an-
terior segment of the eye, they can obstruct the normal out-
flow of aqueous humour (AH) causing increased intraocular
pressure (IOP) and therefore XFG (8), (9).

PEX may manifest unilaterally or bilaterally. XFG ini-
tially develops in one eye before exposed in the other (10).
Among the types of glaucoma, XFG has worse prognosis,
more damaged visual fiels, a more rapid clinical course,
greater optic nerve damage, poorer response to medical treat-
ment and disposes patients to more risk of cataract surgical
complications (11).

There are many interactions between thyroid hormones
and different diseases. Eyes can also be affected by thyroid
gland hormones. This range goes from thyroid-associated or-
bitopathy (12) to eye changes in hypothyroidism such as con-
junctival and periorbital oedema and blepharoptosis (13).
This suggests that IOP might be affected by thyroid hor-
mones (14).

However, data regarding connection of thyroid hormones
with glaucoma are still poor and inconsistent. Smith’s study
pointed out that newly diagnosed patients with hypothyroid-
ism had poor outflow of AH, examined with tonography and
tonometry (15). After medical treatment of hypothyroidism,
AH outflow normalized. Another study didn’t find any cor-
relation between IOP and hypothyroidism (16). On the con-
trary, none of the one hundred patients with hypothyroidism,
who had complete ophthalmological examination before and
after thyroxine treatment, had been classified as glaucoma-
tous. Lin and others demonstrated a significantly increased
risk of open-angle glaucoma development in hypothyroid

patients during the 5-year follow-up period, suggesting pro-
tective role of levothyroxine (17). Wang and others included
11 studies in their meta-analysis, identifying that hypothy-
roidism increases risk of POAG development (18). Another
study, based on United States population samples, reported
lack of connection between hypothyroidism and glaucoma
development (19). These contradictory results recommend
furthers research of hypothyroidism and glaucoma associa-
tion.

Thyroid peroxidase is an enzyme that is very important
for thyroid hormones’ production. Thyroid peroxidase anti-
bodies (TPO-ab) levels increase when immune system
falsely attacks and damages thyroid gland cells. These anti-
bodies are found in patients with Hashimoto’s thyroiditis and
Graves’ disease. So far, noone identified significance of
TPO-ab in glaucoma disease.

Purpose of this study is to analyze connection between
thyroid hormones disbalance and TPO-ab levels in serum
with POAG and XFG.

MATERIALS AND METHODS

This is a hospital-based retrospective case-control study.
The research was performed from June 2023 until December
2023 at Clinic of ophthalmology, University Clinical Center
of Kragujevac. The patients were recruited for outdoor de-
partment of Clinic for the routine ophthalmological examina-
tion from an endocrinologist, with laboratory analysis of se-
rum levels of thyroid hormones and TPO-ab test.

We analyzed serum levels of thyroid stimulation hormone
(TSH), free triiodothyronine (fT3), free thyroxine (fT4) and
TPO-ab. Based on these results, we divided patients into
three groups: POAG patients with hypothyroidism, XFG pa-
tients with hypothyroidism and control group that included
healthy subjects.

All patients that participated in this study had complete
ophthalmological examination: visual acuity test, measured
IOP with Goldmann applanation tonometer, biomicroscopic
examination of anterior segment, gonioscopy and anterior
chamber angle evaluation, as well as fundoscopy. We in-
cluded patients’ gender and age (> 40) as an important data
for our study.

POAG patients were defined with presence of retinal
nerve fiber layer (RNFL) thinning or defects in visual field
followed with IOP levels > 21 mmHg, gonioscopy with the
open angle or optic nerve abnormalities (vertical cupping rate
> 0.3 cup-disc, asymmetric cupping, peripapillary atrophy
etc.) XFG was diagnosed by biomicroscopic examination of
characteristic white PEX material over the lens or the iris sur-
face, along with the examination findings counted for POAG.
Glaucoma patients, that were included in our study, were us-
ing at least one type of anti-glaucoma eye drops.

Blood samples were obtained from the antecubital vein in
all patients. The analysis of TSH, fT3, T4 and TPO-ab levels



2026;27(2)

was performed after the samples stood for 30 minutes in flat
tubes and then centrifuged 1500g for 15 minutes. For the di-
agnosis of hypothyroidism, we used the laboratory reference
range for TSH 0.34-5.60 mlU/L, fT3 2.3-4.1 pg/mL and T4
0.7-1.9 ng/dL. While evaluating TPO-ab, we checked their
normal range which should be < 9.0 IU/ml.

IBM SPSS Statistics ver. 22.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis. For comparing TSH,
fT3, fT4 and TPO-ab levels among the groups paired t-test
and ANOVA were used (p<0.05 and p<0.001 were consid-
ered as statistically significant.)

RESULTS

The study included 87 patients who were divided into
three groups: POAG group (n=31), XFG group (n=22) and
control group (n=34). Sixty-eight were females (76.16%) and
nineteen males (21.84%). Highly statistically significant dif-
ference among sex distribution was recorded in POAG and
XFG group (p>0.001) (Table 1).

Table 1. Patients’ sex distribution

POAG XFG Control
Female 23 25 20
Male 2 3 14
Significance p<0.001 p<0.001 p<0.05

Mean patients’ age in the study was 66.7 + 6.8 years (me-
dian 71, range 42-74 years). The highest mean age was ob-
tained in XFG group (68.4 £ 3.8 years), but without statisti-
cally significant difference compared to other groups
(p>0.05) (Table 2).

Table 2. Patients’ age distribution

Groups n Mean Sd Range
POAG 31 66.1 4.2 44-72
XFG 22 68.4 3.8 51-74
Control 34 65.7 5.2 42-70

The fT3 and fT4 values were in the range of physiological
values in all groups. No statistical significance was seen
among the groups in the analysis of fT3 and fT4 values
(p>0.05). The highest fT3 value was measured in POAG
group (3.6 + 0.3 pg/mL), then in control group (3.4 + 0.2
pg/mL), and then in XFG group (3.1 + 0.4 pg/mL). The high-
est T4 was also recorded in POAG group (1.6 £ 0.2 ng/dL),
then in XFG group (1.4 + 0.3 ng/dL), then in the control
group (1.1 £ 0.3 ng/dL).

Thyroid stimulating hormone was significantly higher in
XFG and POAG groups compared to healthy subjects in con-
trol group (p<0.05). Comparing XFG and POAG groups no
statistical significance was notices (p>0.05). The highest
TSH value was measured in XFG group (7.2 + 1.4 mlU/L),
then in POAG group (5.5 2.5 mlU/L) and then in the control
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group (1.3 £ 1.1 mlU/L). The same trend was observed in
analysis of TPO-ab values. Patients with XFG (60 IU/ml) and
POAG (50 IU/ml) had TPO-ab values above the range of
physiological values. These results were significantly higher
compared to control group (4 IU/ml) (p<0.05) (Figure 1).

Figure 1. Values of T3, fT4, TSH and TPO-ab
according to the groups

70,0
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DISCUSSION

This clinical study demonstrates that there is a statisti-
cally significant association between hypothyroidism and
glaucoma development. This study is the first of its kind
which correlates TPO-ab serum levels and glaucoma devel-
opment.

Studies that investigate correlation of hypothyroidism
and POAG already exist, but there is not enough evidence
about possible association between thyroid diseases and XFG
(13), (16), (17), (18), (19), (20). Therefore the effect of thy-
roid hormones’ levels in serum on glaucoma development
should be more investigated, as well as the potential signifi-
cant role of TPO-ab.

So far, existing studies include opposed conclusions
about the potential connection between thyroid malfunction
and glaucoma. Cheng and Perkins reported that among pa-
tients with thyroid disfunction, no more than 2% had glau-
coma (21). Smith and others found that 23,4% of POAG pa-
tients had hypothyroidism (13). They also pointed out a
chance that increased IOP could be normalized after treat-
ment of hypothyroidism (15).

It is known that mucopolysaccharides accumulate in der-
mis and other tissues in patients with hypothyroidism (22).
Hyaluronic acid, as a representative mucopolysaccharide and
an important part of extracellular matrix, coats the trabecular
meshwork, sticking endothelial membranes together (22).
Hyaluronic acid accumulates in excessive amount in struc-
tures of the eye, creating AH outflow resistance and elevating
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IOP in hypothyroidism (23). Stein and others found that AH
outflow resistance was decreased in 15% of normal eyes and
in 48% of POAG eyes after subconjunctival injection of hy-
aluronidase (24). They suggested that hyaluronic acid takes
an important part in the pathogenesis of POAG.

Many studies reveal that patients with PEX material have
increased deposition of hyaluronic acid that coats microfi-
brils of PEX in lens, zonules, iris and ciliary body (25). Also,
there are thyroid receptor isoforms on cells of the trabecular
meshwork (22). It has been shown that, by bonding with
these receptor isoforms, fT3 reduces hyaluronic acid levels.
Furthermore, both disorders, hypothyroidism and XFG, have
an undesired harmful effect on the vascular endothelium.
Those vascular endothelial cells could have a significant role
in the ischemia of glaucomatous optic nerve damage (26).

There are studies that suggest that an abnormal immune
response to a sensitizing antigen may induce destruction of
retinal ganglion cells and the optic nerve (27), (28). Wax and
others discovered autoimmune antibodies against heat shock
protein 60 in patients with normal-tension glaucoma (29).
Later, other authors detected different antibodies in serum of
glaucoma patients such as gamma-enolase (30), glutathione-
S-transferaze (31), antiphosphatidylserine (32), neuronspe-
cific-enolase (33) etc. This suggests an autoimmune involve-
ment in glaucoma initiation. To support this autoimmune the-
ory, we examined TPO-ab serum levels.

While analyzing fT3 and fT4 serum levels in our glau-
coma patients and control subjects, we found no statistical
significance among the groups. On the other hand, TSH lev-
els were higher in XFG and POAG groups compared to
healthy subjects, which indicates that patients with hypothy-
roidism have more risk of glaucoma development. Among
glaucoma patients, patients with XFG had more increased
TSH levels. This supports previous studies that both, patients
with hypothyroidism and patients with PEX material, have
increased accumulation of hyaluronic acid which creates el-
evation of IOP.

TPO-ab in control group was in physiological values.
Glaucoma patients had increased TPO-ab levels. It is known
that the most common cause of hypothyroidism is an autoim-
mune response, but our results also support autoimmune the-
ory of glaucoma development. It is possible that TPO-ab can
be responsible for both, hypothyroidism and glaucoma initi-
ation.

Our study has several limitations. First, 87 patients were
included, so future studies should involve more individuals.
Also, our hospital-based retrospective case-control study
was performed only from June 2023 until December 2023.
Prospective longitudinal studies are needed to assess whether
or not hypothyroidism is truly a risk factor for glaucoma ini-
tiation and progression of disease, analyzing longer period of
time. Our glaucoma patients had increased TPO-ab levels,
but their potential pathogenic role in glaucoma development
should be more investigated.

CONCLUSION

POAG and XFG have been established to be multifac-
tiorial diseases. They are often the resulf of aging, genetic
factors, inflammation and oxidative stress. This study high-
lights the interaction between thyroid hormones and POAG
and XFG development. Patients with hypothyroidism have
abnormal accumulation of hyaluronic acid in dermis and
other tissues of the human body, as well as in structures of
the eye, which leads to increased AH outflow resistance and
elevated IOP. Free triiodothyronine reduces hyaluronic acid
levels by bonding with thyroid receptor isoforms on TM
cells. Previous studies suggest the existence of abnormal im-
mune response which induces the destruction of retinal gan-
glion cells and the optic nerve in glaucoma. On the other
hand, TPO-ab are found in patients with Hashimoto’s thy-
roiditis and Graves’ disease. We found that our glaucoma pa-
tients had increased TPO-ab values, while healthy subjects in
control group had TPO-ab in physiological values. This re-
sult supports autoimmune theory of glaucoma development.
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ABSTRACT

Depression and fatigue are common comorbidities in multiple
sclerosis patients, and multiple sclerosis, depression, and fatigue
are all associated with dysregulated cytokine production. The se-
rum levels of interleukin-18 , C-reactive protein , and uric acid
were measured in 48 multiple sclerosis patients in the relapse be-
fore and 2 months after corticosteroid treatment, 50 multiple scle-
rosis remitting patients, and 33 healthy subjects. The severity of
depressive symptomatology, fatigue, and disability was assessed
using the Beck’s Depression Inventory , the Fatigue Severity Scale
, and the Expanded Disability Status Scale , respectively. We also
investigated the possible correlation of these biomarkers with
clinical symptomatology scores. Multiple sclerosis patients had
significantly higher levels of Interleukin-18 compared to healthy
control subjects (468.96 + 840.77 vs. 405.20 + 146.16 pg/ml, p =
0.017), while there were no differences between groups of pa-
tients. We found a moderate positive correlation between levels of
Interleukin-18 and C-reactive protein in the relapse phase (p =
0.012, r = 0.305) and a strong negative correlation between levels
of Interleukin-18 and uric acid in the remission phase (p = 0.014,
r=-0.551). We found a strong positive correlation between con-
centrations of Interleukin-18 and Beck's Depression Inventory
score (p = 0.018, r = 0.535) and a moderate positive correlation
with Expanded Disability Status Scale score (p = 0.047, r =
0.462) in the stabilization of multiple sclerosis. Our results may
suggest that Interleukin-18 is involved in inflammation in the
acute phase and regresses in the stabilization phase, but also in
the psychopathology that often occurs after multiple sclerosis.

Keywords: Multiple sclerosis, interleukin-18, C-reactive protein,
uric acid, depression.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic demyelinating dis-
ease of the central nervous system (CNS), mediated by im-
mune and inflammatory mechanisms (1). The immune re-
sponse is involved in its pathogenesis, and an imbalance be-
tween pro- and anti-inflammatory cytokines has been demon-
strated in numerous studies showing a correlation with
changes in MS disease activity (2, 3, 4, 5, 6). All these per-
turbations could be useful for further improvement of clinical
practice.

In addition to the various functions of cells of the immune
system in the periphery, cells of the nervous system, micro-
glia, and astrocytes are also important sources of cytokines
(7). By acting on specific structures in the brain, proinflam-
matory cytokines can cause behavioural changes (8, 9). The
main symptoms of this inflammation-induced behaviour are
fatigue, anhedonia, anorexia, depression, and increased pain
sensitivity (10, 11, 12). One of the proposed theories is that
the behavioural changes represent a variant of "inflamma-
tion-induced sickness behaviour", which is an adaptive de-
fence mechanism against infection (13). The onset of sick-
ness behaviour is associated with infiltration of inflammatory
cells in the brain and increased mitochondrial ribonucleic
acid (mRNA) expression of interleukin-1 beta (IL-1p), tumor
necrosis factor-alpha (TNF-a), and prostaglandin E2 in brain
tissue, whereas anti-inflammatory treatment with dexame-
thasone, interleukin-1 (IL-1) receptor antagonist (IL-1Ra),
and indomethacin ameliorates behavioural symptoms (14,
15). The production of TNF-a in acute inflammation is al-
ways followed by the production of IL-1 (16).

The blockade of IL-1 in experimental autoimmune en-
cephalomyelitis (EAE) has a protective effect, whereas inter-
feron-beta (IFN-f) induces the expression of IL-1Ra in mi-
croglia, increasing the concentration of this mediator in se-
rum (17). Serum levels of pro-inflammatory cytokines are
certainly increased in relapsing MS (18). In this context, the
relationship between fatigue, depression, and inflammatory
cytokines has also been demonstrated in various autoimmune
diseases (19, 20). Further, proinflammatory cytokines play an
important role in the genesis of MS-related depression and
fatigue (21, 22). An increase in the production of cytokines
such as TNF-o, interferon-gamma (IFN-y), and IL-1B has
been demonstrated in depressed MS patients (23). Depres-
sion and fatigue are symptoms that are strongly correlated,
and it has been shown that successful treatment of depression
can in turn decrease fatigue (24).

In addition to the aforementioned cytokine IL-1f,
cytokine family 1 also includes IL-18, whose active forms,
as in the case of IL-1, are released by the action of caspase 1,
which is activated by the nucleotide-binding oligomerization
domain-, leucine-rich repeat, and pyrin domain-containing 3
(NLRP3) inflammasome (25). IL-18 is a pleiotropic pro-in-
flammatory cytokine involved in the regulation of innate and
adaptive immune responses (26). It exists in an inactive pre-
cursor form (prolL-18) and converts to an active form in the

presence of caspase-1 in response to inflammatory and infec-
tious stimuli (27, 28). Formerly called interferon-gamma-in-
ducing factor, it causes the production of IFN-y in T cells and
natural killer (NK) cells but can also be produced by various
cell types, including monocytes/macrophages, dendritic
cells, B cells, and other antigen-presenting cells, as well as
astrocytes and microglia (29, 30, 31). Dysregulation of IL-18
production was observed in various autoimmune diseases
such as bowel disease, theumatoid arthritis, systemic juvenile
idiopathic arthritis, and lupus erythematosus, suggesting its
involvement in inflammatory cascades (32, 33, 34, 35).

Recently, a strong correlation between serum levels of IL-
18 and C-reactive protein (CRP) was found in patients with
severe Coronavirus infection (36). Further, uric acid (UA)
has been extensively studied as an alarmin in MS, and it is
known to activate the NLRP3 inflammasome and promote
inflammation through maturation and release of the pro-in-
flammatory cytokines IL-1B and IL-18 (37, 38). Decreased
concentrations of UA have been recorded in patients with MS
compared to healthy individuals, as well as in relapses com-
pared to concentrations in the remission phase of MS (39).
All this suggests that these cascades involving the effects of
UA and CRP on IL-18 secretion should be further explored
in MS.

The similarities between the IL-1 and IL-18 systems sug-
gest the possibility that, like IL-1f, IL-18 may also be a me-
diator of the sickness behaviour symptomatology (12, 40).
An increased concentration of IL-18 has been confirmed in
the serum and cerebrospinal fluid (CSF) of patients with MS,
but there are no data on the relationship between this cytokine
and fatigue and depressive symptomatology (41).

In this study, we aimed to measure and compare serum
levels of IL-18 in patients with MS at different stages, in pa-
tients with a stable remitting form, in acute relapses before
and after 2 months of treatment with pulse corticosteroid
therapy, and in healthy subjects who served as controls. We
sought to explore more complex interactions and the pres-
ence of a correlation between the levels of IL-18 and CRP, as
a peripheral biomarker of inflammation, and UA, as an
alarmin, and also, for the first time in this context, its associ-
ation with clinical scores representing the severity of fatigue
and depressive symptomatology.

PATIENTS AND METHODS
Subjects

The study included patients with clinically confirmed MS
diagnosis according to the revised McDonald’s criteria and
matched healthy controls recruited during blood donation at
the Blood and Blood Products Service of the University Clin-
ical Centre Kragujevac (42). In addition, the MS patients
were divided into two groups: MS patients in the acute re-
lapse phase (MS relapse group) and MS patients in the remit-
ting phase (MS remitting group). An exacerbation of MS or
relapse was defined as the appearance of new symptoms that
lasted longer than 24 hours and occurred in the absence of
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fever and infection, or an exacerbation of existing symptoms
after 30 days of a stable phase of the disease (43).

Patients in the MS relapse group were treatment-naive re-
garding immunomodulatory therapy. Patients in the relapse
phase were referred to the neurology unit because of the cur-
rent exacerbation of the disease and indicated treatment with
pulse corticosteroid therapy. In this group of patients, labor-
atory measurements and clinical assessments were performed
before the initiation of treatment for acute relapse and eight
weeks after the use of pulse corticosteroid therapy in the sta-
ble phase of the disease. In the remitting MS patients, these
procedures were performed at scheduled three-month visits.
All patients in the remitting group were treated with IFN-f3-
la administered subcutaneously three times weekly.

Exclusion criteria were acute or chronic medical condi-
tions, acute infections, recent surgical procedures, alcohol or
drug abuse, any disease that is immune- or redox-mediated,
allergies, or autoimmune disorders. The study was conducted
in accordance with the ethical standards of the committee re-
sponsible for human experimentation and the presented pro-
tocol of this study was approved by the Ethics Committee of
the University Clinical Centre Kragujevac. Voluntary written
informed consent was obtained from each participant prior to
enrolment in the study.

Laboratory measurements

Blood samples for the measurement of serum levels of
CRP and UA and for the determination of serum cytokine
concentrations were obtained in the morning and additionally
before the use of corticosteroid therapy in MS recurrent pa-
tients. Serum cytokine levels were measured in patients and
healthy volunteers using conventional enzyme-linked im-
munosorbent assay (ELISA) kits (R & D Systems Minneap-
olis, MN for IL-18 according to the manufacturer’s instruc-
tions). Immunological measurements were performed at the
Center for Molecular Medicine and Stem Cell Research, Fac-
ulty of Medical Sciences, University of Kragujevac.

Clinical assessment

Auto- and heteroanamneses were performed to obtain so-
ciodemographic and clinical data. Depressive symptomatol-
ogy was assessed with the Beck Depression Inventory (BDI),
which is recommended by the American Academy of Neu-
rology for screening depressive symptoms in MS patients
(44). The 21-item BDI includes somatic and cognitive-affec-
tive symptoms, and each item is graded on a 0 to 4 scale re-
flecting the patient’s feelings over the past two weeks. The
degree of severity of depression symptoms was quantified as
follows: normal (range 0-10), mild mood disturbance (range
11-16), borderline clinical depression (range 17-20), moder-
ate depression (range 21-30), severe depression (range 31-
40), and extreme depression (over 40).
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The occurrence of fatigue was assessed with a self-report
questionnaire - Fatigue Severity Scale (FSS) (45). The scale
consists of nine items on a seven-point scale. The presence
of mild fatigue is indicated by an average score greater than
3 points, and as disabling fatigue by an average FSS score
greater than 4.

The Expanded Disability Status Scale (EDSS) was used
to assess the degree of neurological disability (46). The
EDSS consists of eight functional domains: visual (optic),
brainstem, pyramidal, cerebellar, sensory, bowel and blad-
der, cerebral function, and ambulation. The EDSS score
ranges from 0 (normal neurologic examination) to 10 (death
due to MS), in half-point increments, to indicate a mild, mod-
erate or severe disability.

Statistical analysis

Statistical analyses were performed using SPSS 20.0 soft-
ware (IBM Corp. Armonk, NY, USA). Numerical values are
expressed as mean and standard deviation (SD). Normal dis-
tribution of the data was tested with the Shapiro-Wilk test and
the Kolmogorov-Smirnov test. A paired-sample test and the
Wilcoxon test were used to compare the clinical parameters
in the same group before and after therapy. For nonparamet-
ric variables, the Mann-Whitney test was used to detect mean
differences between two groups of patients. A Kruskal-Wal-
lis test was used to assess differences in IL-18 serum levels
between three groups (MS relapse, MS remitting, and HC
group). We examined the correlations between IL-18 serum
levels and CRP and UA serum levels and the correlations be-
tween IL-18 serum levels and EDSS, BDI, and FSS scores
using Pearson’s correlation for parametric or Spearman’s
correlation for nonparametric data. To determine the best
prediction of explanatory variables such as sex, age, and se-
rum levels of UA and IL-18 on illness onset, a binary logistic
regression analysis was performed. A p-value of 0.05 was
considered statistically significant.

RESULTS

Sociodemographic data are shown in Table 1. The study
included 133 participants, MS patients (n = 98) and healthy
controls (n = 35). Of the MS population, 48 patients or 48.9%
were in an acute relapse (MS relapse group) and 50 patients
or 51.1% were in a stable phase of the disease and receiving
immunomodulatory treatment (MS remitting group). No dif-
ferences were found between the groups in terms of gender
and age. The mean disease duration was significantly longer
in the MS remitting group (6.19 = 7.11 vs. 8.64 + 4.46; p =
0.01), while the relapse rate was higher in the MS relapse
group (2.42 + 1.22 vs. 1.24 £ 1.39; p = 0.05).
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Table 1. Sociodemographic characteristics of the study population

. MS relapse group MS remitting group control group }
variables (n =48) (n = 50) (n = 35) D - value
age (years) 41.7+9.13 38.6 + 7.88 38.6+£8.73 0.14*
sex (female / male) 30/ 18 35/15 22/13 0.20*
mean duration of ill- 6.19 (1-34) 8.64 (2-18) NA 0.01**
ness (years)
relapse rate 2.42 (0-5) 1.24 (0-6) NA 0.05**

Abbreviations: MS - multiple sclerosis; NA - not applicable.

* The Kruskal-Wallis test was used to assess the differences between the three groups.

** The Mann-Whitney test was performed to compare means in the two groups.

Data are presented as means and standard deviations, p < 0.05 considered as significant and those values bolded.

We analysed serum concentrations of IL-18 and observed
statistically significant differences between the MS group
and healthy controls (468.96 + 840.77 vs. 405.20 + 146.16
pg/ml, p=0.017). Further, the MS group was divided into the
MS relapse and MS remitting groups and the data were com-
pared between all three groups. We found a statistically sig-
nificant difference in the mean values of IL-18 concentration
between MS relapse, MS remitting and the control group
(578.41 £ 1160.70 vs. 357.195 + 206.75 vs. 405.20 = 146.16
pg/ml, p = 0.040) (presented in Figure 1).

Figure 1. Serum levels of IL-18.

IL-18
2000 R
1800 ®
1600 ¥
1400
1200
serum 1000 { X J
concentration :
(pg/ml) 800 1 :i: §
600 - b ¢
400 4 -ﬁ- 1
200 4 ¥ g
04 ‘ :
- MS MS

in relapse in remission

Serum levels of IL-18 were determined by ELISA in
healthy control subjects (n = 35), MS relapse patients
(n =48) and MS remitting patients (n = 50).

Data are presented as mean + SD. Statistical significance
was tested using the Kruskal-Wallis test. Serum levels of
IL-18 were significantly higher in MS relapse and MS
remitting patients compared to the group of healthy control
subjects (578.41 £ 1160.70 vs. 357.195 + 206.75
vs. 405.20 + 146.16 pg/ml, p = 0.040).

In addition, a comparison of serum concentrations of IL-
18 in the MS group in relapse and remission revealed no sta-
tistically significant differences between these patient groups
(578.41 £ 1160.70 vs. 357.192 + 206.75 pg/ml, p = 0.597).
We also analysed serum levels of IL-18 in the 19 patients in
the MS relapse group before and after treatment with pulse
corticosteroid therapy and no statistically significant differ-
ences were found (p = 0.658).

We found a significant, moderate positive correlation be-
tween IL-18 and serum levels of CRP in relapse (p = 0.012,
r = 0.305) (Figure 2A). In remission, a significantly strong
negative correlation was observed between IL-18 and serum
concentrations of UA (p = 0.014, r = -0.551) (Figure 2B).
Clinical characteristics (EDSS, FSS and BDI scores) of the
sample were previously presented in Vesic et al. (2020) (39).
Regarding behavioural changes, we found a statistically sig-
nificant, strong positive correlation between serum concen-
trations of IL-18 and BDI score (p = 0.018, r=0.535) (Figure
2C) and a moderate positive correlation with EDSS score (p
= 0.047, r = 0.462) (Figure 2D) in the stabilization of MS.
We found no significant correlation between IL-18 and FSS
score.
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Figure 2 Legend. Correlations between serum levels of
IL-18 and CRP and UA, and BDI and EDSS clinical
scores. A significant, moderate positive correlation was
observed between IL-18 and serum levels of CRP
(p = 0.012, r = 0.305) in acute relapse (A). In stabilization,
after eight weeks of corticosteroid therapy, a significant
strong negative correlation was observed between IL-18 and
serum concentrations of UA (p = 0.014, r = -0.551) (B), a
strong positive correlation was observed between IL-18 and
BDI score (p =0.018, r=0.535) (C), and a moderate positive
correlation was observed with EDSS score (p = 0.047,
r=0.462) (D).
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Abbreviations: IL - interleukin; CRP - C-reactive protein;
EDSS - Expanded Disability Status Scale; UA - uric acid,
BDI - Beck’s Depression Inventory.

Complementary binary logistic regression analysis was per-
formed using available data on sex, age, serum IL-18 and UA
levels to determine the best predictor of illness onset (Table
2). The results showed that only serum levels of UA influ-
enced illness onset (p = 0.000), while sex (p = 0.950), age (p
= 0.663), and serum levels of IL-18 (p = 0.884) were not
significantly associated with illness onset.

Table 2. Results of binary logistic regression analysis with illness onset as the dependent variable, and sex, age, serum UA

and IL-18 levels as explanatory variables.

explanator Lower and
category pia y Wald df D - value Odds ratio | upper 95%
variables Cl
sex 0.004 1 0.950 0.371 2.878
illness onset age 0.190 1 0.663 0.960 1.066
UA 15.692 1 0.000 0.979 0.993
1L-18 0.021 1 0.884 0.999 1.001

Abbreviations: UA - uric acid; IL - interleukin.

DISCUSSION

The results of our study confirmed that the levels of IL-
18 were significantly higher in patients with MS compared to
the healthy control subjects. There were no significant differ-
ences in serum levels of this cytokine in MS relapse com-
pared to the MS remitting group of patients. In addition, a
slight but nonsignificant decrease in serum levels was ob-
served after corticosteroid therapy. All these data could

imply that IL-18 cannot be considered as a state marker but
rather as a trait marker in MS. In the periphery, a positive
correlation was found between CRP and IL-18 in the relapse
phase and a negative one between UA and IL-18 in a remis-
sion phase after acute relapse. These results may suggest that
IL-18 is involved in inflammation in the acute phase and re-
gresses in the stabilization phase, which is associated with
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increased behavioural symptoms such as fatigue and depres-
sion.

Evidence is accumulating that IL-18 is involved in the
pathogenesis of MS and other autoimmune diseases (47). In
1998, Jander and Stoll observed increased levels of IL-18
mRNA in the spinal cord of rats suffering from the acute
phase of EAE (48). In EAE, IL18-/- mice have been shown
not to develop the disease (49). In recent years, several stud-
ies have presented conflicting results regarding serum levels
of IL-18 in MS patients. In the search for genetic factors as-
sociated with predisposition to MS, it has been suggested that
the IL-18 gene polymorphism increases susceptibility to MS
(42, 50). Previously, increased expression of IL-18 was
found in demyelinating brain lesions of MS patients, and an-
tibodies against IL-18 were shown to prevent autoimmune
encephalomyelitis (51, 52). Similar to our results, increased
serum levels of IL-18 were observed in MS patients com-
pared to the control group (53, 54). In addition, Huang et al.
reported that the expression of IL-18 in serum and the level
of IL-18 mRNA in peripheral blood mononuclear cells were
significantly increased in patients with MS (55).

We also analysed the serum levels of IL-18 at different
stages of MS and there were no significant differences in se-
rum levels of this cytokine in MS relapse compared to the
MS remitting group of patients. The highest levels of IL-18
were detected in the MS relapse patient group. The results of
Losy and colleagues emphasized significantly higher concen-
trations of IL-18 in patients with gadolinium-enhancing le-
sions on magnetic resonance imaging compared with patients
without active lesions. This fact suggests the involvement of
IL-18 in the acute exacerbation and active stage of MS (56).
In contrast, Trenova et al. examined serum levels of IL-18 in
MS-drug-naive patients and in the stable phase of the disease
as well as in healthy control subjects, and they found no sig-
nificant differences of this cytokine between the groups, in-
dicating that special attention should be paid to the applied
therapy (57). Thus, we observed the lowest serum levels of
IL-18 in MS patients with long stable phase of MS treated
with IFN-B-1a compared to healthy control subjects. Previ-
ously, it was reported that the levels of IL-18 decreased sig-
nificantly during therapy with glatiramer acetate in MS pa-
tients (56). In addition, we analysed sera IL-18 levels before,
and after corticosteroids treatment in MS relapse patients.
Corticosteroids regulate NLRP3-inflammasome activation at
both the transcriptional level via blocking NF-«kB signal path-
way and processing level via suppressing the reactive oxida-
tive species generation and IL-18 levels (58, 59). In our
study, a slight but non-significant decrease in serum levels
was observed after two months of corticosteroid therapy. A
possible reason is a small sample size that only 19 patients
had a follow-up after treatment of corticosteroids. In current
literature, a limited number of studies have been discussed
about IL-18 sera levels in different stages of MS. The rela-
tionship of the IL-18, MS phenotype and corticosteroids
treatments need to be investigated in the future on a bigger
sample size.

To further explore the inflammatory milieu, IL-18 was
placed in the context of interactions with CRP and UA. In a
previous study, our research group observed significantly
higher CRP levels as an inflammatory marker of acute exac-
erbation compared between MS remitting and relapsing pa-
tients and significantly lower UA levels in the serum of MS
relapsing patients compared to MS remitting patient groups
and healthy control subjects (39). The additional results pre-
sented from the same sample showed a significant, moderate
positive correlation between CRP and IL-18 serum levels in
acute relapse and a significant strong negative correlation be-
tween UA and IL-18 levels after treatment of acute relapse
with pulse corticosteroid therapy during stabilization of the
illness. IL-18 seems to interfere with CRP potentiating in-
flammation while downregulating UA levels in the acute
phase of the illness. Later, after treatment with corticoster-
oids, it plays a lesser role in the phase of attenuated inflam-
mation (lower CRP and higher UA serum levels), but may be
more important in regulating behavioural symptoms such as
fatigue and depression.

In present study, we revealed a moderate positive corre-
lation between sera IL-18 levels and EDSS score in stable
phase of disease. The findings of Soares et al. emphasized
that a constitutive activation of NLRP3 inflammasome, and
the consequent increased IL-1p and IL-18 production, repre-
sents a risk factor for both, the development of MS and the
progression to higher EDSS score and severe forms of the
disease. On the other hand, low IL-18 production and/or
NLRC4 activation resulted beneficial for MS patients (60).

IL-18-deficient mice exhibited hippocampal abnormali-
ties which resulted in impaired learning and memory, and de-
pressive-like behaviour, but also stress-induced hyperactivity
mediated by neuroinflammation and attenuated neurogenesis
(61, 62). In addition, administration of IL-18 to the amyg-
dala, but not to the hippocampus, resulted in severe depres-
sion-like behaviours (63). Haastrup et al. indicated that the
genetic tendency toward higher IL-18 production may in-
crease susceptibility to depression in response to stressful life
events (64). Several clinical studies reported increased serum
levels of IL-18 in patients with depression compared to
healthy controls and demonstrated impaired brain activity
(65, 66, 67, 68). Our results showed a statistically significant,
strong positive correlation between serum concentrations of
IL-18 and BDI score in the remission phase. Previous studies
observed relationship between depressive symptoms and IL-
18 in other inflammatory diseases. Zao et al. showed that IL-
18 levels positive correlated with BDI scores in depressed
patients with chronic obstructive pulmonary disease (69). Re-
cent studies indicated that increased IL-18 in the brain causes
depression-like behaviors by promoting the IL-18 recep-
tor/NKCC1 signaling pathway and that this cytokine is a bi-
omarker for post-stroke depression. The blockage of endog-
enous IL-18 by IL-18 binding protein, a specific antagonist
of IL-18, repressed depressive phenotypes in mice (63). Po-
tential mechanisms through cytokines mediate depression
like behavior are various. Proinflammatory cytokines di-
rectly stimulate the hypothalamic-pituitary-adrenal axis and
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can mitigate serotonin synthesis by inducing the enzyme in-
doleamine 2, 3 dioxygenase, which catabolizes tryptophan
into kynurenine (70, 71). In homeostatic concentrations, IL-
18 support neurons and enhance long-term potentiation, but
elevated IL-18 and other proinflammatory cytokines may
promote the dysregulation of several neurotransmitter path-
ways, including the dopaminergic, serotoninergic, noradren-
ergic, and glutamatergic systems (71, 72).

This was clinically confirmed by the fact that the non-
steroidal anti-inflammatory drug ketoprofen decreased IL-18
levels in patients with depression when used as adjunctive
treatment and also improved clinical outcomes (73). Future
strategies must consider that higher serum UA levels may be
responsible for chronic activation of the NLRP3 inflam-
masome, persistent activation of NF-«kB, and elevated levels
of pro-inflammatory cytokines, including IL-18, but also in
MS related depression (38).

These conflicting results across studies might be a conse-
quence of sample heterogeneity and measurement in differ-
ent phases of illness. This study was limited in terms of com-
parative resources (lacked laboratory data from control sub-
jects). In addition, not all patients had follow-up after treat-
ment with corticosteroids (n = 19). Data on metabolic param-
eters and other additional clinical and sociodemographic var-
iables must also be considered in the future.

CONCLUSION

The results of the present study show that the levels of the
proinflammatory cytokine IL-18 are increased in MS patients
compared with healthy subjects. The positive correlation of
IL-18 with serum CRP in the relapse phase and the negative
correlation with serum levels of UA in the remission phase
suggests its inflammatory role in the active phase of the dis-
ease and a regressive one in the stabilization phase of the dis-
ease course. The positive correlation of IL-18 with depres-
sion and disability scale scores confirms its role as a contrib-
utor to depressiveness and disability in MS patients. MS-
related depression and fatigue are common and challenging
symptoms of MS, which have a significant impact on pa-
tients’ quality of life. The cytokine pattern in MS patients
varies according to disease stage, necessitating an expansion
of research on cytokines as potential biomarkers of disease
onset, progression, assessment of treatment efficacy and re-
sponse to treatment.
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Corresponding author: Among chronic complications of diabetes mellitus, diabetic foot
remains one of the most challenging conditions in clinical prac-
Filip Mihajlovic, PhD candidate tice. Increased and repetitive plantar pressure represents an im-

portant etiological factor which, together with neurological, der-
matological, musculoskeletal, and vascular components, contrib-
utes to the development of plantar tissue damage in people with
E-mail: f.mihajlovic@yahoo.com diabetes. The aim of this study was to assess the diagnostic agree-
ment between commonly used clinical and instrumental methods
for the detection of minor and major plantar foot lesions, includ-
ing the monofilament test and static and dynamic plantar pressure
measurement models. This cross-sectional observational study
examined both feet of each participant. Minor and major plantar
lesions were recorded during clinical foot examination, a 16-
point monofilament test was performed, and static and dynamic
plantar pressure measurements were obtained for both feet. Each
foot underwent three static and three dynamic measurements, re-
sulting in a total of 1,560 measurements. Dynamic plantar pres-
sure measurements showed a higher level of agreement with clin-
ical foot examination compared with static plantar pressure
measurements and monofilament testing. Dynamic plantar pres-
sure assessment may represent a useful adjunct method for iden-
tifying areas of increased mechanical load on the plantar surface
of the foot. However, further longitudinal studies are required to
determine its potential clinical value in diabetic foot care.
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INTRODUCTION

Diabetic foot disease involves one or more foot disorders
in people with diabetes mellitus, including peripheral poly-
neuropathy, peripheral vascular disease, infection, ulcera-
tion, neuroosteoarthropathy, gangrene, or amputation. Alt-
hough this complication affects a substantial proportion of
people with diabetes, it represents not only a personal burden
for the affected individual but also a significant burden for
the family and healthcare system [1]. Once a foot ulcer de-
velops, the risk of recurrent ulceration and lower-limb ampu-
tation increases considerably, creating a major medical, so-
cial, and economic problem. Therefore, early identification
of factors associated with plantar tissue damage is of partic-
ular clinical importance [2, 3].

Plantar pressure is defined as the force applied per unit
area by the plantar surface of the foot to the ground. Increased
and repetitive plantar pressure contributes to the develop-
ment of microlesions on the plantar surface, which may be
detected during routine clinical examination. Plantar pressure
is commonly assessed using baropodographic platforms,
which provide quantitative information on pressure distribu-
tion under static and dynamic conditions [4]. Clinical exam-
ination of the foot represents the primary reference method
in routine practice, while plantar pressure measurements and
sensory testing are considered useful adjunct tools for identi-
fying areas exposed to increased mechanical load [5]. Plantar
pressure may increase during both standing and walking. De-
pending on the depth and extent of tissue damage, clinical
manifestations may involve the epidermis, dermis, subcuta-
neous tissue, tendons, joint ligaments, or plantar fascia, and
in advanced stages, joints and bones may also be affected [6].
Most countries apply international guidelines for diabetic
foot management and operate specialized multidisciplinary
clinics. Nevertheless, there remains a need for practical and
objective methods that can support routine clinical assess-
ment and contribute to the early detection of plantar tissue
changes [7, 8].

The aim of this study was to assess the diagnostic agree-
ment between commonly used clinical and instrumental
methods for the detection of minor and major plantar foot le-
sions, including the monofilament test, static plantar pressure
measurement, and dynamic plantar pressure measurement.

MATERIALS AND METHODS
Study design

This was a clinical, non-interventional, cross-sectional
observational study including participants from an study
group and a control group. The study was approved by the
Ethics Committee of the Clinical Center Kragujevac and con-
ducted at the Center for Endocrinology, Diabetes, and Meta-
bolic Diseases of the University Clinical Center Kragujevac.

Study population
Inclusion criteria

Participants were recruited using a convenience sampling
approach and included individuals who provided written in-
formed consent, were older than 18 years, and had a body
mass index (BMI) below 35 kg/m?. The study group con-
sisted of patients with type 2 diabetes mellitus and sen-
sorimotor diabetic polyneuropathy, diagnosed according to
standard criteria as the presence of at least one neuropathic
symptom or clinical sign in combination with abnormal nerve
conduction study findings, after exclusion of other identifia-
ble causes of peripheral neuropathy. The control group con-
sisted of healthy volunteers without diabetes mellitus.

Exclusion criteria

The following participants were excluded from the study:
patients with other neurological disorders relevant to the re-
search, including cerebrovascular stroke, transient ischemic
attack, myelodegenerative diseases, demyelinating disorders
of the nervous system, and tumors of the nervous system; pa-
tients with orthopedic disorders, fractures or deformities of
the spine or foot; patients with rheumatoid arthritis and foot
deformities; patients with limb amputation; patients with thy-
roid dysfunction, liver or kidney insufficiency; as well as pa-
tients receiving opioid analgesic therapy, individuals with
opioid dependence, and patients with mental disorders affect-
ing perception.

Study procedures

All measurements and examinations were performed dur-
ing a single visit for each participant. Clinical foot examina-
tion included a general assessment of foot condition, careful
visual inspection immediately after removal of footwear and
socks, in order to identify areas of increased pressure related
to inadequate footwear and existing deformities of the toes or
foot. Minor and major diabetic foot lesions corresponding to
high-pressure areas were recorded, including rhagades, cal-
luses, hyperkeratosis, and non-infected plantar ulcers. Each
foot was photographed and independently examined by two
endocrinologists. Both examiners documented the location
and type of lesion on a standardized schematic foot chart.

Sensory testing was performed using a 10 g Semmes-
Weinstein monofilament at eight standardized points on each
foot: the first, third, and fifth metatarsal heads, the plantar
surface of the hallux, third and fifth toes, the heel area, and
the dorsal surface of the hallux. The monofilament was ap-
plied perpendicular to the skin and pressure was gradually
increased until the filament bent into a C shape, which was
maintained for one second. Participants were asked to indi-
cate whether they perceived the stimulus. The monofilament
score ranged from O to 16 and represented the number of
plantar sites at which the stimulus was correctly perceived.
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Static and dynamic plantar pressure measurements were
performed using a baropodographic platform (FOOTWORK
PRO, France), equipped with 4096 calibrated sensors (two
sensors per cm?). The active surface of the platform measured
490 x 490 mm and allowed assessment of pressure distribu-
tion and force during standing and walking. All measure-
ments were performed in real time. For each participant, three
static and three dynamic measurements were performed sep-
arately for each foot. The static model measured plantar pres-
sure during standing. Participants stood barefoot on the plat-
form in an upright position, with feet shoulder-width apart
and gaze directed forward, for 30 seconds. Three consecutive
measurements were obtained, with a five-minute rest period
between measurements, during which participants stepped
off the platform and resumed the initial position. The dy-
namic model recorded plantar pressure during walking using
the three-step protocol. Participants started three steps away
from the platform (0.75-1.5 m), initiated walking with the left
foot, and stepped onto the platform with the left foot on the
third step. The procedure was then repeated starting with the
right foot. This sequence was repeated three times, resulting
in three dynamic measurements for each foot. Variables rec-
orded included maximum and mean plantar pressure under
static and dynamic conditions, contact time between foot and
platform, and pressure-time integral for each foot. Pressure-
time integral values were expressed in units provided by the
device software (kPa-ms). Clinical findings at the eight pre-
defined plantar points were compared with monofilament test
results and corresponding parameters from static and dy-
namic plantar pressure measurements. Percentage agreement
between methods was calculated for both feet. For the pur-
pose of this study, calluses and fissures were defined broadly
as any visible hyperkeratosis or superficial skin discontinu-
ity, regardless of size or clinical significance.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics version 20. Data were presented graphically and in ta-
bles. Descriptive statistics included frequencies, measures of
central tendency (mode, median, and mean), and measures of
variability (quantiles, variance, and standard deviation).
Group comparisons were performed using the independent
samples t-test or the Mann-Whitney U test, depending on
data distribution. Paired comparisons within the same partic-
ipant under different conditions were performed using the
paired samples t-test or the Wilcoxon signed-rank test, as ap-
propriate.

RESULTS
Demographic and anthropometric characteristics

A total of 130 participants of the same ethnic background
were included in the study. The study group consisted of 70
participants, including 36 women (51.43%) and 34 men
(48.57%). The control group included 60 participants, of
whom 44 were women (73.33%) and 16 were men (26.67%).
The mean age of participants in both groups was 54.56 +

14.22 years. The distribution of participants by sex is pre-
sented in Figure 1.

Figure 1. Distribution of subjects by gender
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Agreement between clinical findings and diagnostic
methods

By comparing clinical findings on the plantar surface of
the foot with positive results obtained from static and dy-
namic plantar pressure measurements and monofilament test-
ing, the percentage agreement among the three methods was
determined. During static measurement, the position of each
foot was automatically displayed in centimeters, and the soft-
ware calculated pressure distribution for both feet, including
forefoot and rearfoot regions, as well as maximum and mean
plantar pressure values. The same plantar points were com-
pared for monofilament testing and for maximum pressure
values obtained from static and dynamic measurements.

Monofilament testing

Monofilament testing was considered positive when the
participant failed to perceive the stimulus at one of the six-
teen tested points (eight points on each foot). The results
showed that the monofilament test had a specificity of 100%
and a positive predictive value of 100%, while sensitivity was
61.43% and negative predictive value was 69% in the detec-
tion of diabetic foot lesions. The derived cut-off value in the
study group was below 11 (Table 1).

Clinical findings

Microlesions on the plantar surface of the foot were iden-
tified in the form of calluses, rhagades, and fissures.
Rhagade-type lesions were observed in 36 participants
(51.42%) on both feet. Calluses were present in 45 partici-
pants (64.3%) on the right foot and in 39 participants (55.7%)
on the left foot (Table 2). Minor plantar skin changes were
frequent in both groups due to the broad operational defini-
tion applied, which included minimal hyperkeratosis/superfi-
cial fissuring.

Macrolesions in the form of non-infected plantar ulcers
were detected in 23 participants (32.85%) at the time of ex-
amination. A history of previous plantar ulcers was reported
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in 47 participants (67.15%) from the study group. No plantar
ulcers were observed in the control group. A statistically sig-
nificant difference between the study and control groups was
found for the presence of plantar ulcers (p < 0.001; Table 3).

Static plantar pressure measurements

In the static plantar pressure measurement model, the fol-
lowing parameters were analyzed: mean pressure of both
feet, mean pressure of the dominant foot, and combined mean
pressure of both feet (Table 4). No statistically significant
differences were observed between the study and control
groups, except for mean pressure of the right foot (p =0.021).
Maximum pressure on the dominant foot showed higher val-
ues in the study group, but without statistical significance.

Dynamic plantar pressure measurements

In the dynamic measurement model, mean plantar pres-
sure and maximum plantar pressure at the same points on
each foot were analyzed. No statistically significant differ-
ences were found between the study and control groups for
these parameters. However, the pressure-time integral pa-
rameter was significantly higher in participants with diabetic
foot compared with the control group, including mean, dom-
inant, and total values for both feet (Table 5).

Percentage agreement between methods

Clinical examination identified micro- and macrolesions
on the plantar surface of the foot, which were compared with
positive findings from static and dynamic plantar pressure
measurements and monofilament testing. The percentage
agreement among the three methods was calculated. The
highest agreement was observed for dynamic plantar pres-
sure measurements across sixteen plantar points, with the
smallest standard error and the narrowest range. The lowest
agreement was observed for monofilament testing (Table 6,
Figure 2).

Figure 2. Comparison results of monofilament tests,
static and dynamic models measurement of plantar
pressures with clinical findings
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D- dynamic plantar pressure

The dynamic plantar pressure measurement model
showed the highest percentage agreement with clinical exam-
ination (95.54%), followed by the static measurement model
(85.08%) and the monofilament test (78.24%).

DISCUSSION

Foot ulcer occurrence in people with diabetes mellitus re-
mains frequent despite the numerous diagnostic methods and
preventive measures introduced over recent decades. This
complication may lead to lower limb amputation and repre-
sents not only a medical, psychological, and physical burden
for the affected individual, but also a social and economic
burden for both the patient and society [9]. The earliest clin-
ical manifestations of increased plantar pressure appear as
microlesions that may progress toward ulcer formation. In
our study, examination of plantar microlesions revealed
changes such as calluses, rhagades, and fissures. Rhagade-
type lesions were observed in 36 participants (51.42%) on
both feet, while calluses were present in 45 participants
(64.3%) on the right foot and in 39 participants (55.7%) on
the left foot. Macrolesions in the form of non-infected plantar
ulcers were detected in 23 participants (32.85%) at the time
of examination (Table 2).

According to published data, approximately 50% to 60%
of diabetic foot ulcers become infected, and about 20% of
moderate to severe infections lead to lower limb amputation
[9]. The five-year mortality rate among individuals with dia-
betic foot ulcers is approximately 30%, and exceeds 70% in
those who undergo major amputation. Mortality among peo-
ple with diabetic foot ulcers reaches 231 deaths per 1000 in-
dividuals per year, compared with 182 deaths per 1000 indi-
viduals with diabetes without foot ulceration [9]. Diabetic pe-
ripheral neuropathy is considered one of the main risk factors
for the development of foot ulcers. According to the 2023
guidelines of the International Working Group on the Dia-
betic Foot (IWGDF), neuropathy should be systematically
assessed using standardized tools such as vibration percep-
tion threshold testing, monofilament testing, and symptom
questionnaires [10].

Prevention of foot ulcer development in people with dia-
betes and diabetic peripheral neuropathy remains of major
clinical importance, as the first ulcer markedly increases the
risk of new ulcer formation on the same or contralateral limb
[11]. This process is related to altered foot architecture
caused by neuropathy. Various toe and foot deformities tend
to worsen after partial amputations, promoting new ulcer for-
mation on the same foot after minor amputation or on the op-
posite limb after major amputation [12]. Elevated plantar
pressure represents another important factor in the etiology
of diabetic foot. Over recent decades, diabetic foot has re-
ceived increasing scientific attention, and multiple methods
have been developed to assess plantar pressure [13]. How-
ever, most previous studies and meta-analyses have focused
primarily on treatment strategies rather than on objective as-
sessment methods supporting early identification of high-risk
plantar regions [14-16].
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Table 1. Diagnostic performance of the monofilament score for detecting plantar foot lesion

AUC SE 95% CI z p
0.82 0.0319 0.743 -0.882 10.027 <0.001
"Cut point" SN (%) SP (%) PPV (%) NPV (%)
<1 61.43 100 100 69

AUC - area under the curve "Cut point" - criterion value, SN - sensitivity, SP -specificity,
PPV - positive predictive value, NPV - negative predictive value, p - statistical significance

Table 2. Display of the frequency of microlesions on the plantar side of the foot

Microlesions foot Right leg Left leg
) Contro grou Study grou Control grou Study grou
Study population (n :g60)p (ny:gm) ’ (n= 6gO) ’ (ny:gm) ’
Cracks
yes 0 (0%) 34 (48.58%) 0 (0%) 34 (48.58 %)
no 60 (100%) 36 (51.42%) 60 (100%) 36 (51.42%)
Calluses
yes 0 (0%) 25 (35.7%) 9 (15%) 31 (44.28%)
no 60 (100%) 45 (64.3%) 51 (85%) 39 (55.71%)

Table 3. Ulcers on the plantar side of the foot

History of existence Control group Study group Total
ulcer (n =60) (n=170)
negative 60 (100%) 47 (67.15%) 107
positive 0 (0%) 23 (32.85%) 23
Table 4. Plantar average pressures during static measurement
Control group Study group
Averazglf IE)ar)essure (n = 60) (n = 70) U z p
Md Md
P1 18.810 19.078 2008.5 0.260 p>0.05
Pd 20.180 19.005 1578.5 2.300 p=0.021
Pmax 63.720 75.870 1761.0 1.437 p > 0.05
(PI+Pd)/2 20.010 18.975 1942.5 0.579 p>0.05
P 1/Pd 21.270 21.460 2042.0 0.109 p>0.05
P1 and Pd 19.715 19.010 7509.5 1.257 p>0.05

P, - average pressure of the left foot during static measurement, Pd - average pressure of the right foot during
static measurement, Pmax maximum pressure during static measurement on the left or right foot, Md - median, p -

statistical significance.

Table 5. Integral pressure/time for both feet during dynamic measurement

Control
Integr a.l Control group Study group group Studygroup
pressure/time (number of (number of (n = 60) (n=70) U z p
(kPa-ms) measurements) measurements) Md Md
11 60 70 971.820 1088.47 1674 | -1.849 | p=0.06
1d 60 70 930.320 1097.67 1676 | -1.839 | p=0.07
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Integral Control group Study group (;22331 Studygroup
pressure/time (number of (number of _ (n =170) p
(kPa-ms) measurements) measurements) (nhjlg()) Md v g
(I1+1d)/2 60 70 944.770 1055.83 1652 | -1.953 | p=0.05
Tlorld 60 70 1066.49 1293.72 1618 | -2.113 |p=10.03
n+1d 120 140 947.695 1088.47 6698 | -2.616 | p <0.01

It - integral pressure/time for the left foot in the dynamic measurement model, Id - integral

pressure/time for the right foot in the dynamic measurement model, (Il+Id)/2 - mean values integral pressure

time, Il or Id - dominant integral pressure time in the dynamic model pressure measurement, Il + Id - total

integral pressure time

Table 6. Comparison of monofilament test, static and dynamic measurement model of plantar pressures

Monofilament Static measurement Dynamic measurement
Number of subjects 130 130 130
Mean value (%) 78.2402 85.9787 95.5426
Median (%) 81.2500 87.5000 93.7500
Standard error (%) 18.47607 12.20248 5.36701
Range (%) 75.00 96.25 25.00
Minimum (%) 25.00 3.75 75.00
Maximum (%) 100.00 100.00 100.00

To date, limited data are available from studies that di-
rectly compare commonly used diagnostic tests and plantar
pressure measurements with clinical foot findings in a cross-
sectional manner. The age of participants in our study was
comparable to age groups reported in other investigations,
with a mean age of 54.56 + 14.22 years. The mean duration
of diabetes in the study group was 13.86 + 7.85 years. Previ-
ous studies have shown that individuals with diabetes lasting
longer than ten years have a substantially increased risk of
lower limb amputation. Distal symmetric polyneuropathy
represents the most common form of diabetic neuropathy and
typically shows slow progression [17].

In the present study, dynamic plantar pressure measure-
ments showed a higher percentage agreement with clinical
foot examination compared with static measurements and
monofilament testing (Figure 1). Other studies have at-
tempted to improve static plantar pressure assessment using
machine learning approaches. For example, Sheikh et al. [18]
reported improved accuracy under static conditions using
gradient boosting techniques, while Gerlein et al. [19] re-
ported lower accuracy using similar methods. Regional seg-
mentation of the forefoot and rearfoot has been proposed as
a way to enhance the discriminatory capacity of static meas-
urements. Armstrong et al. [20] demonstrated that region-
specific pressure analysis may improve identification of ul-
cer-prone areas; however, their study did not include neurop-
athy classification or direct clinical examination findings, un-
like the present study.

Some investigations, including studies conducted in Jap-
anese populations, reported significantly higher plantar pres-
sure values and pressure-time integrals in patients with dia-
betic peripheral neuropathy compared with patients with di-
abetes without neuropathy [21]. These findings support the
potential relevance of dynamic plantar pressure parameters,
particularly pressure-time integral, in identifying plantar re-
gions exposed to prolonged mechanical stress during gait.
However, other studies reported inconsistent results, espe-
cially when using baropodographic platforms, and suggested
that in-shoe measurement systems may provide greater pre-
cision. Recent technological developments include systems
for dynamic pressure redistribution, such as pneumatically
driven mechanisms and magnetorheological fluid-based sys-
tems, which aim to regulate plantar pressure within recom-
mended thresholds. When integrated into footwear or insoles,
these technologies may contribute to reducing mechanical
stress and supporting diabetic foot care [6, 22].

The main limitations of most existing studies include rel-
atively small sample sizes and cross-sectional designs. Alt-
hough diabetic neuropathy diagnosis was confirmed using
combined clinical and electrophysiological criteria, detailed
stratification according to neuropathy severity, diabetes du-
ration, and glycemic control was not performed. The absence
of subgroup analyses based on neuropathy severity scales or
metabolic control parameters may have limited the ability to
detect potential gradations in plantar pressure patterns. Fu-
ture studies incorporating standardized neuropathy severity
scoring systems and metabolic profiling are warranted to bet-
ter define the relationship between mechanical load
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distribution and neuropathy progression. Additionally, novel
technological solutions remain limited in their implementa-
tion, particularly in healthcare systems where primary pre-
vention of diabetic foot has not yet been fully established [23,
24]. The cross-sectional nature of the present study does not
allow conclusions regarding causality or prediction of future
ulcer development, but provides descriptive information on
the agreement between clinical findings and commonly used
assessment methods.

CONCLUSION

The results of this study showed that dynamic plantar
pressure measurements demonstrated a higher level of agree-
ment with clinical foot examination compared with static
measurements and monofilament testing. Plantar pressure
mapping may represent a useful tool for identifying areas of
increased mechanical load on the plantar surface of the foot.

This approach may support clinical assessment by con-
tributing to individualized orthotic planning, objective mon-
itoring of plantar pressure distribution, and evaluation of
therapeutic interventions. However, due to the cross-sec-
tional design of the study, no conclusions can be drawn re-
garding causality or prediction of future ulcer development.

Further longitudinal studies with standardized protocols
are required to confirm the clinical relevance of dynamic
plantar pressure assessment in diabetic foot care.
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ABSTRACT
Corresponding author: Experimental assessment of passive gastrointestinal absorption is
essential in early drug profiling. Biopartitioning micellar chro-
Nikola Nedeljkovic matography (BMC), a modified micellar liquid chromatography

technique employing nonionic surfactants above the critical mi-
cellar concentration, enables indirect assessment of passive per-
meability by reflecting solute distribution among the stationary,
aqueous, and micellar phases. BMC was employed to investigate
E-mail: nikola.nedeljkovic@fmn.kg.ac.rs the retention behavior and biorelevant properties of seven newly
synthesized naproxen-based thiourea derivatives under biomi-
metic conditions mimicking biological membranes. Chromato-
graphic experiments were performed using Brij 35 as a nonionic
surfactant. To further elucidate structure-retention relationships,
quantitative structure-retention relationship (OSRR) analysis was
conducted using multiple linear regression. The results demon-
strated pronounced differences in retention behavior among the
tested compounds, primarily governed by their structural fea-
tures. Derivatives containing esterified aromatic amino acids ex-
hibited the highest retention factors, suggesting enhanced passive
gastrointestinal absorption, whereas the p-aminoacetophenone
derivative showed the lowest retention and absorption potential.
A statistically significant model was obtained with the Mor20u
descriptor, achieving high correlation (R = 0.977) between the
experimental retention factor (k) values and those predicted by the
MLR model. The selected 3D-MoRSE descriptor effectively cap-
tured the influence of molecular polarizability and aromaticity on
retention behavior. However, these findings should be interpreted
with caution given that the analysis was based on a limited dataset

University of Kragujevac, Faculty of Medical Sciences,
Department of Pharmacy, Svetozara Markovica 69,
34000 Kragujevac, Serbia

UDK: comprising only seven compounds. Overall, the combined BMC

and QSRR approach provides valuable insights into the biophar-
Eabr 2026; 27(2):167-172 maceutical properties of naproxen-based thiourea derivatives
DOI:10.2478/cabr-2026-0017 and identified structural features associated with favorable pas-

sive gastrointestinal absorption.

Keywords: Naproxen, thiourea derivatives, BMC, OSRR.
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INTRODUCTION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
widely prescribed for treating pain, inflammation, and fever,
with therapeutic action arising from cyclooxygenase (COX)
inhibition and reduced prostaglandin synthesis (1). Among
them, naproxen is a propionic acid derivative with well-doc-
umented clinical efficacy, particularly in musculoskeletal
disorders and dysmenorrhea (2). Despite this, structural mod-
ification of naproxen remains a relevant medicinal chemistry
strategy for improving biological profiles, minimizing ad-
verse effects, and modulating physicochemical and biophar-
maceutical characteristics. Thiourea derivatives constitute a
versatile chemical class displaying anti-inflammatory, anti-
cancer, antimicrobial, and enzyme inhibitory effects due to
their ability to establish hydrogen bonding and conforma-
tional interactions with biological targets (3,4).

Naproxen-based thiourea compounds have been synthe-
sized with the aim of retaining key pharmacophoric elements
of the parent drug while introducing new substituents that po-
tentially alter selectivity or biological activity. The results in-
dicate that these derivatives may modulate COX-2 or 5-
lipoxygenase (5-LOX) activity, as well as exhibit cytotoxic
effects against selected tumor cell lines (5,6). These struc-
tural modifications generate compounds with altered lipo-
philicity or hydrogen bonding patterns.

Considering that NSAIDs are predominantly adminis-
tered orally, understanding the gastrointestinal absorption of
these derivatives is essential to anticipate their in vivo per-
formance. For orally administered drugs, passive transcellu-
lar diffusion represents the predominant intestinal absorption
mechanism for compounds without carrier-mediated
transport (7,8). Experimental assessment of passive permea-
bility therefore plays a central role in early drug profiling.
Several in vitro and in silico tools have been established to
estimate passive gastrointestinal absorption. However, chro-
matographic biomimetic systems have gained attention due
to their reproducibility, low material consumption, and capa-
bility to mimic membrane-like environments without reli-
ance on biological systems. Biopartitioning micellar chroma-
tography (BMC) is a modified micellar chromatographic
technique in which nonionic surfactants are added to the
aqueous mobile phase at concentrations exceeding the criti-
cal micellar concentration (9,10). In BMC systems, surfac-
tant monomers adsorb onto the hydrophobic stationary phase,
while excess monomers form micelles within the mobile
phase. This arrangement mimics structural features of biolog-
ical membranes: hydrophobic surfactant chains resemble
phospholipid tails, polar headgroups simulate membrane in-
terfaces, and micellar aggregates approximate extracellular
aqueous domains (9-11). Under these conditions, solute re-
tention reflects distribution between stationary phase, aque-
ous phase, and micellar phase, providing an indirect measure
of passive permeability and membrane partitioning (Figure
1). The usefulness of the BMC method in predicting drug
permeation across biological barriers, including the blood-

brain barrier, skin, and the gastrointestinal tract, has been
demonstrated (10-12).
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Figure 1.Schematic illustration of the micellar
chromatography mechanism

Beyond chromatographic assessment, chemometric mod-
eling provides further insight into structural determinants of
retention and permeability. Quantitative structure-retention
relationship (QSRR) analysis correlates chromatographic re-
tention with molecular descriptors that encode physicochem-
ical, geometric, or electronic features (13,14). QSRR models
allow the identification of structural features influencing re-
tention in biomimetic systems and facilitate computational
prediction of chromatographic behavior for new derivatives.
The integration of BMC with QSRR thus represents a ra-
tional dual approach for evaluating passive gastrointestinal
absorption potential and interpreting structure-retention rela-
tionships within a single experimental framework (14).

Considering the biological potential of naproxen-based
thiourea derivatives and the need to assess their oral absorp-
tion characteristics, this study was focused on evaluating pas-
sive gastrointestinal permeation using a BMC model as a bi-
omimetic in vitro surrogate. Additionally, a QSRR analysis
was performed to elucidate structural determinants of reten-
tion within the BMC system. It should be noted that the pre-
sent study examines a limited number of compounds belong-
ing to a previously synthesized series of naproxen-based thi-
ourea derivatives. The seven molecules included in this work
were selected as representative members of the main struc-
tural subgroups within that series, based on previously ob-
tained physicochemical data, particularly lipophilicity meas-
urements and PAMPA permeability results. Although the rel-
atively small dataset represents a limitation from a statistical
standpoint, the selected compounds cover the principal struc-
tural variations and the range of permeability-related proper-
ties observed in the broader series.
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MATERIALS AND METHODS
Chemicals

Brij 35 and HPLC grade acetonitrile were purchased from
Sigma-Aldrich Chemie Gmbh (Steinheim, Germany), while
disodium hydrogen phosphate (Na2HPO4) and o-phosphoric
acid (85%) were from Merck (Darmstadt, Germany). Dime-
thyl sulfoxide (DMSO) was acquired from Fisher (Loughbor-
ough, UK). Deionized water was prepared using a TKA wa-
ter-purification system (Niederelbert, Germany).

Tested thiourea derivatives of naproxen (compounds 2-7
and 11) were synthesized as previously described (5,6). Their
chemical structures are presented in Figure 2. The numbering
of the compounds corresponds to the previously reported
synthetic series, and only selected derivatives (compounds 2-
7 and 11) were included in the present study. Test solutions
(0.01 mg/mL) were prepared by diluting stock solutions of
the tested compounds in DMSO (5 mM) with the mobile
phase to obtain the desired concentration.
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Figure 2. Chemical structures of tested compounds

BMC Analysis

The chromatographic analysis was performed using an
HPLC chromatograph (Agilent Technologies 1200 Series
Systems, Santa Clara, CA, USA) equipped with a binary
pump, manual injector (injection volume 20 pl), and DAD
detector. Zorbax Extend-C18 column (150 x 4.6 mm; 5 pm
particle size) was used in this study. The mobile phase con-
sisted of acetonitrile and 40 mM polyoxyethylene lauryl ether
(Brij 35) dissolved in 7 mM solution of Na;HPO4 (30:70 v/v).
Previous research has demonstrated that a 0.04 mol/L Brij 35
solution can be combined with up to 30% acetonitrile while
still maintaining the formation of stable micelles (15). The
pH value of the mobile phase was adjusted to 5.5 by the ad-
dition of o-phosphoric. The column temperature was set to
36.5°C, the mobile phase flow rate to 1 ml/min, and the de-
tection wavelength to 280 nm for the synthesized compounds
and 230 nm for DMSO. Corresponding retention factors (k)
were calculated according to the following equation:
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ig-tr(0)
= lete) 1
ir(0) (1)
where #z is the retention time of the tested compounds and
tr(0) corresponds to the dead time determined using DMSO
as a non-retained marker (10,12,16).

QSRR analysis

QSRR analysis was conducted to elucidate the relation-
ship between chromatographic retention and molecular struc-
ture of the investigated compounds. Specifically, correlations
were tested between the experimentally determined retention
factors (k) obtained from the BMC chromatographic system,
used as dependent variables, and a set of selected geometric,
thermodynamic, physicochemical, and electronic molecular
descriptors serving as independent variables. For QSRR
model development, retention data for seven compounds an-
alyzed within the BMC system were utilized.

Prior to descriptor calculation, the molecular structures of
all investigated compounds were subjected to geometry opti-
mization. Initial optimization was carried out using the semi-
empirical PM3 method, followed by further refinement em-
ploying the Hartree-Fock method with the 3-21G basis set to
obtain energetically stable conformations (17). A compre-
hensive set of molecular descriptors was subsequently calcu-
lated using the alvaDesc software package (18). An intercor-
relation analysis was subsequently conducted to obtain suit-
able subsets of molecular descriptors for the QSRR study.
Descriptor pairs exhibiting intercorrelation coefficients
greater than 0.95 were evaluated, and in each case, the de-
scriptor showing a stronger relationship with the dependent
variable (retention factor k) was retained for further analysis.

Statistical analysis and model construction were per-
formed using STATISTICA software (19). Descriptor selec-
tion for the multiple linear regression model (MLR(k)) was
achieved through the combined application of Feature Selec-
tion and Variable Screening (FSVS) and the forward step-
wise Multiple Linear Regression (MLR) approach. During
the forward stepwise MLR procedure, the inclusion and ex-
clusion criteria were set to F-to-enter = 9 and F-to-remove =
4, respectively, while in the FSVS method the parameter k
was set to 10. Given the small number of analyzed com-
pounds, which represents a limitation of the present study,
the QSRR analysis was intentionally designed as exploratory
and restricted to the simplest statistical framework. Accord-
ingly, only a single statistically significant descriptor was in-
cluded in the model in order to reduce the risk of overfitting
and to enable identification of the dominant structural factor
governing retention behavior. Consequently, the final QSRR
model was developed using the Mor20u descriptor without
dividing the dataset into training and test subsets.

Due to the limited dataset size (n = 7), external validation
procedures such as dataset splitting or cross-validation would
not yield statistically reliable estimates of predictive perfor-
mance. Therefore, the model should be interpreted strictly as
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an exploratory structure-retention relationship rather than a
predictive QSRR model.

RESULTS AND DISCUSSION

Retention behavior of the tested compounds in the BMC
system

BMC was applied to a series of seven thiourea derivatives
of naproxen. The experiments were carried out using Brij 35,
a nonionic surfactant commonly employed in BMC studies.
Chromatographic conditions, including pH, temperature, and
ionic strength, were adjusted to biomimetic conditions mim-
icking biological membranes. Under these conditions, ana-
lyte retention is primarily governed by specific interactions
with both the modified stationary phase and the micellar
pseudophase in the mobile phase (9). Consequently, the elu-
tion process reflects a complex interplay between micelles,
the stationary phase, and the aqueous medium (20). A critical
aspect of method optimization involves establishing an ap-
propriate ratio between the organic modifier and the aqueous
phase. Previous investigations have demonstrated that mi-
celle formation is maintained in systems containing 40 mM
Brij 35 with up to 30% (v/v) acetonitrile (12). Chromato-
graphic behavior was evaluated using retention time (#z), re-
tention factor (k), and logarithmic retention factor (logk),
with the corresponding results summarized in Table 1.

Table 1. Retention factors of the tested compounds
in the BMC system.

Compound r(S) k logk
2 37.24 30.03 1.48
3 35.54 28.62 1.46
4 42.06 34.05 1.53
5 27.57 2198 1.34
6 5790 4725 1.67
7 4394 3562 1.55
11 37.90 30.58 1.49

The obtained results revealed that the retention factor (k)
values varied between 21.98 and 47.25. The highest retention
was observed for compounds 6 (phenylalanine ethyl ester de-
rivative) and 7 (N-methyl tryptophan methyl ester deriva-
tive), indicating that thiourea derivatives containing esteri-
fied aromatic amino acids are likely to possess enhanced po-
tential for passive gastrointestinal absorption. In contrast, the
lowest & value was recorded for derivative 5, corresponding
to the p-aminoacetophenone derivative, suggesting a reduced
absorption potential for naproxen thiourea derivatives incor-
porating aromatic amines with a carbonyl functionality.
These findings are consistent with our previously published
results obtained using the PAMPA assay, which demon-
strated superior passive gastrointestinal permeability for aro-
matic amino acid ester derivatives (21). In contrast, deriva-
tive 5, which in the present study exhibited the lowest pre-
dicted potential for passive gastrointestinal absorption,
demonstrated moderate permeability across an artificial
membrane in a previous PAMPA assay (21).

It should be emphasized that BMC retention represents an
indirect physicochemical surrogate reflecting solute parti-
tioning in a biomimetic micellar environment and cannot be
considered equivalent to experimentally measured permea-
bility. Consequently, the obtained results should be inter-
preted as complementary indicators of passive diffusion po-
tential rather than direct measurements of gastrointestinal ab-
sorption. It should also be noted that oral absorption is a mul-
tifactorial process influenced not only by passive membrane
permeability but also by ionization state, dissolution kinetics,
intestinal transporters, metabolic stability, and efflux mecha-
nisms. Therefore, chromatographic retention parameters
should be interpreted within this broader pharmacokinetic
context.

QSRR analysis

Given the limited number of compounds, the simplest sta-
tistical model (MLR) was applied, as the aim of the QSRR
study was to gain an initial understanding of the key factor
governing their retention behavior. Relevant molecular de-
scriptors for the MLR(k) model were identified through a
two-stage approach involving FSVS and subsequent forward
stepwise MLR. The FSVS procedure selected the VE2sign A
descriptor. However, it was not possible to construct a valid
MLR (k) model with this descriptor. Using the MLR forward
stepwise method, the selected descriptor was Mor20u, which
yielded a valid model. This model is characterized by high R
and R? values of 0.977 and 0.955, respectively. The resulting
MLR (k) model equation is as follows:

logk = -25.5626 + 18.0194 x Mor20u
)

Although the obtained correlation coefficients (R and R?)
indicate a strong relationship between retention and the se-
lected descriptor, these values should be interpreted with cau-
tion due to the limited dataset size. In small datasets, high
correlation coefficients may reflect dataset-specific relation-
ships rather than true predictive performance. Therefore, the
presented regression should be considered an exploratory
structure-retention relationship within this compound series
rather than a validated predictive QSRR model.

Statistical analysis showed that the Mor20u was identi-
fied as the descriptor most strongly associated with retention
behavior in the BMC system. Mor20u belongs to the 3D-
MOoRSE group of molecular descriptors (22), which encode
informations related to atomic properties, including polariza-
bility, and their three-dimensional distribution within the
molecule. However, it should be emphasized that 3D-
MoRSE descriptors are abstract numerical representations
and their mechanistic interpretation is not straightforward.
(23-26). Studies have shown that the presence of aromatic
systems and unsaturated bonds increases the values of these
descriptors (26). Since 3D-MoRSE descriptors take into ac-
count the three-dimensional arrangement of atoms in a mol-
ecule and do not depend on molecular size, they can be ap-
plied to a broad range of structures (23). The Mor20u
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descriptor is generally associated with molecular polarizabil-
ity and three-dimensional distribution of atomic properties
(27). In this context, the observed relationship between
Mor20u and retention should be interpreted as a statistical
correlation rather than a direct mechanistic explanation of so-
lute-micelle or solute-stationary phase interactions. The
highest descriptor values were recorded for compounds 6
(phenylalanine ethyl ester derivative) and 7 (N-methyl tryp-
tophan methyl ester derivative), indicating that high Mor20u
values are characteristic of aromatic amino acid ester deriva-
tives. Conversely, the lowest descriptor value (2.76) within
the examined set was observed for compound 5 (p-aminoace-
tophenone derivative). These observations may indicate that
esterified aromatic amino acid derivatives tend to exhibit
higher retention within this compound series. From a physi-
cochemical perspective, increased aromatic surface area and
molecular polarizability may enhance hydrophobic and dis-
persive interactions with both the C18 stationary phase and
the hydrophobic core of micelles, which can contribute to in-
creased retention. Aromatic substituents may also facilitate
n-n and van der Waals interactions within the chromato-
graphic system. It should be noted that increasing lipophilic-
ity or molecular polarizability, although potentially benefi-
cial for passive membrane permeability, may be associated
with trade-offs such as reduced aqueous solubility, altered
distribution, or increased risk of off-target interactions.
Therefore, optimization of absorption-related properties
should be considered within a broader pharmacokinetic and
safety framework (28,29).

However, these interpretations remain qualitative and
should be considered as plausible explanations rather than
definitive mechanistic conclusions. Due to the limited size of
the dataset, the developed QSRR model should be considered
exploratory rather than predictive. Additional studies involv-
ing a larger and more structurally diverse set of compounds
will be required to confirm the robustness and general ap-
plicability of the identified relationship.

CONCLUSIONS

In this study, BMC proved to be an effective tool for eval-
uating the retention behavior and passive absorption-related
properties of naproxen-based thiourea derivatives under bio-
mimetic conditions mimicking biological membranes. The
obtained results indicated that retention in the BMC system
is strongly influenced by molecular structure, particularly the
presence of esterified aromatic amino acid moieties, which
were associated with higher retention factors and, conse-
quently, a greater potential for passive gastrointestinal ab-
sorption. In contrast, incorporation of aromatic amines bear-
ing a carbonyl group resulted in lower retention and reduced
absorption potential. The QSRR analysis indicated that the
Mor20u descriptor was selected as a key variable in the
MLR (k) model. This descriptor effectively described the re-
lationship between molecular structure and chromatographic
retention, emphasizing the importance of molecular polariza-
bility and aromatic character. Taken together, results demon-
strate that the combined application of BMC and QSRR

m

represents a powerful and complementary approach for the
early assessment of biopharmaceutical properties and may
provide preliminary insight that could support future design
considerations, which require validation on larger datasets
and through complementary experimental approaches.
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ABSTRACT

Diabetes mellitus may compromise corneal endothelium and in-
crease central corneal thickness, potentially influencing recovery
after phacoemulsification. In this retrospective cohort study, we
reviewed 45 patients (76 eyes) who underwent phacoemulsifica-
tion from November 2023 to May 2024. The diabetes group in-
cluded 36 eyes of patients with type 2 diabetes mellitus, and con-
trol group included 40 eyes of non-diabetic patients. Specular mi-
croscopy was performed preoperatively and 1 month postopera-
tively to assess endothelial cell density, percentage of hexagonal
cells, coefficient of variation, and central corneal thickness. En-
dothelial cell density decreased significantly in diabetes group
(2577.25 £ 191.22 to 1899.19 £ 682.59 cells/mm? p < 0.001). In
the control group, ECD decreased significantly from 2460.35 £
307.80to 1786.18 £ 702.56 cells/mm? (p < 0.001). There was no
intergroup difference in endothelial cell density preoperatively
(p > 0.05), whereas difference after cataract surgery was signifi-
cant (p < 0.05). The percentage of hexagonal cells and coefficient
of variation did not differ significantly within or between groups
(p > 0.05). Central corneal thickness was higher in diabetes
group both preoperatively (545.61 + 32.45vs 522.74 £ 36.49 um)
and postoperatively (556.32 + 21.07 vs 536.69 £ 36.63 um), with
significant intergroup differences at both time points (p < 0.05),
within-group changes were not significant (p > 0.05). Compared
with controls, eyes with type 2 diabetes mellitus showed lower
postoperative endothelial cell density and persistently higher cen-
tral corneal thickness 1 month after phacoemulsification.

Keywords: Diabetes mellitus, phacoemulsification, corneal endo-
thelium, endothelial cell density, central corneal thickness.
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INTRODUCTION

Diabetes mellitus (DM) reprsents a chronic metabolic dis-
ease with a high prevalence and a substantial burden on
health-care systems, with a global prevalence exceeding half
a billion people older than 20 years, corresponding to roughly
10% of the adult population (1). The pathophysiological ba-
sis of DM involves the combined effects of chronic hyper-
glycemia, oxidative stress, activation of the polyol pathway
with intracellular sorbitol accumulation, and non-enzymatic
protein glycation, which can lead to microcirculatory disturb-
ances, structural damage, and impaired homeostasis in vari-
ous tissues, including the eye (2,3).

The impact of DM on the posterior segment and the de-
velopment of diabetic retinopathy is well established (1,2). In
recent decades, however, the effects of DM on the anterior
segment have received increasing attention (1,3). On the cor-
neal surface and in the epithelial layer, changes consistent
with diabetic keratopathy are often observed, including thick-
ening and multilamination of the epithelial basement mem-
brane, reduced corneal sensitivity, and delayed epithelial
healing (4,5). Chronic hyperglycemia activates the sorbitol-
aldose reductase pathway, and the accumulation of sorbitol
and fructose disturbs Na+/K+-ATPase activity in the endo-
thelial cell membrane, contributing to reduced barrier func-
tion (6). In DM, corneal endothelial cells may exhibit de-
creased endothelial cell density (ECD), increased polymega-
tism and pleomorphism, and a reduced percentage of hexag-
onal cells, indicating compromised morphological stability
and a reduced functional reserve. Given that cataract in pa-
tients with DM occurs earlier and progresses more rapidly
than in the general population, these endothelial alterations
become particularly relevant (7). Multiple studies report
lower ECD and increased central corneal thickness (CCT) in
patients with type 2 DM (DM2) compared with healthy indi-
viduals, suggesting impaired endothelial stability (8). At the
same time, cataract surgery is among the most frequently per-
formed surgical procedures in medicine (6). Together, these
factors may influence postoperative visual outcomes and sat-
isfaction in patients with DM after cataract surgery.

Corneal endothelial status is particularly important in the
perioperative period of phacoemulsification. Although
phacoemulsification is the gold standard in cataract surgery,
it exposes the corneal endothelium to multimodal stress, in-
cluding irrigation fluids and ultrasound energy with acoustic
cavitation, which may induce oxidative stress (10,11). Be-
cause the corneal endothelium in DM2 is morphologically
weakened and has a lower functional reserve, the conse-
quences of intraoperative stress may be more pronounced,
with greater early postoperative endothelial cell loss (4,10).
Patients with DM may also develop more pronounced post-
operative corneal thickening (increased CCT), especially
early after phacoemulsification, compared with non-diabetic
patients (12). These findings suggest that DM may prolong
corneal recovery and, consequently, delay visual recovery af-
ter phacoemulsification (9-12).

The primary aim of this study was to evaluate the effect
of DM on central corneal thickness and corneal endothelial
changes after phacoemulsification.

MATERIALS AND METHODS
Study design and participants

This retrospective cohort study was conducted from No-
vember 2023 to May 2024 and included 76 eyes: 36 eyes of
patients with type 2 diabetes mellitus and 40 eyes of non-di-
abetic participants (control group). The eye was used as the
unit of analysis. The follow-up time point was 1 month after
cataract surgery.

Inclusion criteria were age >18 years, preoperative ECD
>1500 cells/mm?, and the presence of a developed cataract.
Exclusion criteria included previous intraocular trauma or
surgical interventions, conditions with a potential major im-
pact on the corneal endothelium (corneal dystrophies, uveitis,
glaucoma), and high myopia or hyperopia greater than 5 di-
opters. Data on sex, age, comorbidities, and patient habits
were collected from patient history and medical documenta-
tion.

Ethics and informed consent

The study was approved by the Ethics Committee of
Specijalna bolnica Sveti Vid (Approval No. 19) and con-
ducted in accordance with the Declaration of Helsinki. Writ-
ten informed consent was obtained from all patients, and all
data were analyzed in anonymized form.

Preoperative assessment

All patients underwent a complete preoperative ophthal-
mic examination, including best-corrected visual acuity
(BCVA) assessment using Snellen charts, intraocular pres-
sure (IOP) measurement by applanation tonometry (Haag-
Streit), slit-lamp examination of the anterior segment, dilated
fundus examination, intraocular lens (IOL) power calculation
(optical biometry), and ocular ultrasonography. Corneal en-
dothelial parameters were obtained by specular microscopy
(Tomey EM-3000) (Figure 1). The analyzed parameters were
ECD, percentage of hexagonal cells, coefficient of variation,
and CCT.

Figure 1. Tomey EM-3000 specular microscope
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Surgical procedure

All surgeries were performed by three experienced cata-
ract surgeons under topical anesthesia (tetracaine). The
phacoemulsification machine used in all procedures was
Stellaris (Bausch & Lomb, Laval, Quebec, Canada). Maxi-
mal preoperative mydriasis was achieved with topical phe-
nylephrine and homatropine. Two 1.5 mm paracenteses were
created at 2 and 10 o’clock, and the anterior chamber was
filled with a cohesive viscoelastic (ProVisc®, Alcon Labor-
atories, Inc., Fort Worth, TX, USA). A 2.2 mm clear corneal
incision was made at 12 o’clock. Continuous curvilinear cap-
sulorhexis, hydrodissection, and nucleus rotation were per-
formed. The nucleus was fragmented using the divide-and-
conquer technique. Residual cortex was removed using bi-
manual irrigation and aspiration. After filling the capsular
bag with cohesive viscoelastic, an IOL was implanted. Vis-
coelastic was aspirated, and intracameral cefuroxime (1
mg/0.1 mL in balanced salt solution) was injected. Corneal
incisions were hydrated using balanced salt solution. At the
conclusion of surgery, standard topical medication was ad-
ministered according to the institutional protocol. Postopera-
tively, patients were prescribed topical dexamethasone/tobra-
mycin five times daily and nepafenac three times daily, fol-
lowed by gradual tapering according to the standard postop-
erative regimen.

Postoperative assessment

One month after phacoemulsification, all patients under-
went a complete ophthalmic examination with repeated cor-
neal measurements (ECD, percentage of hexagonal cells, co-
efficient of variation, and CCT).

Sample size estimation

The effect size used for sample size estimation was de-
rived from the study by El-Saied et al. (2023) (20), which
reported a statistically significant postoperative difference in
endothelial cell density between diabetic and non-diabetic
eyes at | month after phacoemulsification.

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics (version 27.0). Continuous variables were summarized
as mean * standard deviation (SD) for normally distributed
data or median (interquartile range) for non-normally distrib-
uted data. Categorical variables were presented as frequen-
cies and percentages. Normality of distribution was assessed
using the Shapiro—Wilk test. Pre- and postoperative compar-
isons within groups were performed using the paired Stu-
dent’s t-test for normally distributed variables and the Wil-
coxon signed-rank test for non-normally distributed varia-
bles. Between-group comparisons (type 2 diabetes mellitus
vs control group) were conducted using the independent-
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samples t-test or the Mann—Whitney U test, as appropriate.
Effect sizes were calculated using Cohen’s d for parametric
tests and r for non-parametric tests. A two-sided p value <
0.05 was considered statistically significant.

RESULTS

A total of 45 patients (76 eyes) were included. The diabe-
tes group comprised 22 patients (36 eyes), and the control
group comprised 23 patients (40 eyes). In the overall sample,
there were 24 women (53.3%) and 21 men (46.7%), with no
statistically significant difference in sex distribution between
the groups. Mean age was 67.4 + 10.1 years in the diabetes
group and 65.8 + 12.6 years in the control group, without a
statistically significant difference (p > 0.05) (Table 1).

In the diabetes group, preoperative ECD was 2577.25 +
191.22 cellss/mm? and decreased to 1899.19 + 682.59
cells/mm? at 1 month postoperatively, representing a highly
significant change (p < 0.001). In the control group, ECD was
2460.35 £ 307.80 cells/mm? preoperatively and 1786.18 =+
702.56 cells/mm? postoperatively, representing a statistically
significant reduction (p < 0.001). Intergroup comparison re-
vealed no statistically significant difference in preoperative
ECD (p > 0.05), but a significant postoperative difference
was found (p < 0.05).

In both groups, cataract surgery did not result in a statis-
tically significant change in the percentage of hexagonal cells
(p > 0.05). In the diabetes group, the percentage of hexagonal
cells decreased from 43.2 + 5.4% preoperatively to 39.4 £
8.2% postoperatively, while in the control group it decreased
from 45.1 + 7.8% to 42.2 £+ 7.6%. Intergroup comparisons of
hexagonality before and after surgery showed no statistically
significant differences.

The coefficient of variation increased from 38.9 + 5.5%
preoperatively to 40.7 + 10.2% postoperatively in the diabe-
tes group, without a statistically significant difference (p >
0.05). In the control group, the coefficient of variation was
35.6 + 3.3% before surgery and 37.5 + 6.1% after surgery,
also without a statistically significant difference (p > 0.05).

Central corneal thickness in the diabetes group was
545.61 £ 32.45 pm preoperatively and 556.32 £ 21.07 um
postoperatively, without a statistically significant within-
group change (p > 0.05). In controls, CCT was 522.74 +
36.49 um preoperatively and 536.69 + 36.63 um postopera-
tively, also without a statistically significant within-group
change. However, CCT differed significantly between the di-
abetes and control groups both before and after phacoemul-
sification (p < 0.05).
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Table 1. Age and sex distribution

Variable

DM group (n =36 eyes / 22 patients)

Control group (n = 40 eyes / 23 patients)

Age (years), mean + SD 67.4+10.1

65.8+12.6

Sex (patients), n (%)

Male 11 (50.0%) 10 (43.5%)
Female 11 (50.0%) 13 (56.5%)
Table 2. Preoperative and postoperative corneal parameters in the diabetes and control groups
Parameter DM Pre-op DM 1 p (within Control Control 1 p (within p (between
(Mean + Month DM) Pre-op Month Control) groups)
SD) (Mean + (Mean + (Mean +
SD) SD) SD)
ECD 2577.25 1899.19 + <0.001 2460.35 + 1786.18 + < 0.001 Pre-op:
(cells/mm?) 191.22 682.59 307.80 702.56 >0.05
Post-op:
<0.05
HEX (%) 432+54 39.4+8.2 >0.05 45.1+7.38 422+7.6 >0.05 >0.05
CV (%) 389+£5.5 | 40.7+10.2 >0.05 35633 37.5+6.1 >0.05 >0.05
CCT (um) 545.61 + 556.32 + >0.05 522.74 £ 536.69 + >0.05 Pre-op:
32.45 21.07 36.49 36.63 <0.05
Post-op:
<0.05
DISCUSSION

Diabetes mellitus is a systemic disease that affects multi-
ple organs, and ocular involvement is common. In addition
to diabetic retinopathy, patients may develop cataract, neo-
vascular glaucoma, and other complications that can threaten
vision. Corneal involvement in diabetes, including diabetic
keratopathy and endothelial dysfunction, may reduce the
functional reserve of the corneal endothelium, thereby in-
creasing susceptibility to postoperative stromal edema, dry
eye, decreased corneal sensitivity, and delayed visual recov-

ery (1).

Phacoemulsification has become the standard technique
for cataract surgery over the past several decades. The proce-
dure is based on a phaco probe containing a piezoelectric
crystal that vibrates at ultrasonic frequencies, generating cav-
itation within the crystalline lens and allowing its fragmenta-
tion and removal. This technique has significantly improved
surgical precision, reduced incision size, and enhanced post-
operative visual recovery. It has also lowered the incidence
of many intraoperative and postoperative complications.
Nevertheless, complications may still occur (13). Corneal
edema remains one of the most common postoperative com-
plications, primarily due to endothelial cell stress or loss dur-
ing surgery. In patients with diabetes mellitus, chronic hyper-
glycemia further increases endothelial vulnerability.

Oxidative stress and metabolic imbalance impair endo-
thelial cell function, predisposing these patients to a more
pronounced postoperative response leading to dysfunction of
corneal endothelial cells. Damage to these cells results in cor-
neal edema, clinically manifested by decreased visual acuity.

In the present study, eyes of patients with type 2 diabetes
mellitus showed a statistically significant reduction in ECD
one month after phacoemulsification. A statistically signifi-
cant endothelial cell loss was observed in both groups; how-
ever, however, postoperative endothelial parameters were
less favorable in the diabetes group. In addition, CCT was
higher in the diabetes group both preoperatively and postop-
eratively, and intergroup differences were significant at both
time points. Earlier studies have suggested that increased
CCT may represent an early manifestation of diabetes-related
corneal involvement (15,16). By reducing Na*/K*-ATPase
activity in the endothelial layer, diabetes mellitus promotes
corneal hydration. In addition, hyperglycemia increases al-
dose reductase activity, an enzyme responsible for sorbitol
synthesis. Accumulated sorbitol acts as an osmotic agent,
drawing water into the cornea and contributing to increased
thickness (16).
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These findings support the recommendation that preoper-
ative assessment of corneal endothelial status, including
specular microscopy and CCT measurement, should be part
of routine evaluation in diabetic patients scheduled for
phacoemulsification (17). Endothelial-protective surgical
strategies - appropriate viscoelastic use, minimizing ultra-
sound time and energy, maintaining anterior chamber stabil-
ity, and gentle cortical manipulation - may help limit endo-
thelial loss. Postoperatively, closer follow-up and adequate
anti-inflammatory therapy may be warranted in patients with
diabetes (6).

Although diabetes mellitus may increase the risk of cor-
neal endothelial damage, with careful preoperative assess-
ment and contemporary surgical technique, phacoemulsifica-
tion can remain a safe and effective procedure in this popu-
lation (19). Phacoemulsification remains the gold standard in
cataract surgery; however, special caution is required in pa-
tients with diabetes mellitus due to existing structural and
functional alterations of the corneal endothelium. Numerous
clinical and experimental studies have demonstrated that di-
abetic patients exhibit reduced endothelial cell density, in-
creased polymegatism and pleomorphism, as well as dimin-
ished endothelial functional reserve, making them more sus-
ceptible to postoperative complications (8).

Our results further indicate that diabetes mellitus had a
significant impact on central corneal thickness. Phacoemul-
sification in diabetic patients was associated with a more pro-
nounced endothelial cell loss and an increase in central cor-
neal thickness at 1 month postoperatively compared to non-
diabetic patients, particularly in cases of long-standing dia-
betes and poor glycemic control. Mechanical, thermal, and
oxidative stress during surgery additionally burden the al-
ready compromised endothelium, thereby increasing the risk
of postoperative corneal edema and prolonged visual recov-

ery (19).

Our findings are consistent with several previously pub-
lished studies that evaluated corneal endothelial changes in
diabetic patients undergoing phacoemulsification. Chaurasia
et al. (7) reported less favorable postoperative endothelial pa-
rameters in diabetic eyes compared with non-diabetic con-
trols after cataract surgery, which is in line with our results.
Similarly, a recent meta-analysis by Yang et al. (8) demon-
strated that diabetes mellitus is associated with increased en-
dothelial vulnerability and a higher susceptibility to postop-
erative endothelial damage. In addition, studies investigating
central corneal thickness have shown that diabetic patients
tend to exhibit thicker corneas both before and after surgery,
likely reflecting impaired endothelial pump function (12,17).
Our results support these observations, as we also observed
significantly higher CCT values in the diabetes group at both
time points. Taken together, these findings suggest that dia-
betes-related endothelial alterations may contribute to less fa-
vorable postoperative corneal status after phacoemulsifica-
tion.

m

However, by applying modern surgical techniques, care-
ful intraoperative management, adequate selection of viscoe-
lastic agents, and reduction of ultrasound time and energy,
the negative impact of phacoemulsification on the corneal en-
dothelium in diabetic patients can be significantly mini-
mized. Preoperative endothelial assessment using specular
microscopy, together with appropriate systemic control of di-
abetes mellitus, remains essential for achieving optimal sur-
gical outcomes.

Although phacoemulsification in patients with diabetes
mellitus carries an increased risk of endothelial damage, with
proper patient selection and an individualized surgical ap-
proach, this method remains safe and effective in the treat-
ment of cataracts in this population.

CONCLUSIONS

Eyes of patients with type 2 diabetes mellitus showed
lower postoperative endothelial cell density 1 month after
phacoemulsification compared with non-diabetic controls.
Central corneal thickness was higher in the diabetes group
both before and after surgery, while changes in hexagonality
and the coefficient of variation were not statistically signifi-
cant. Routine preoperative endothelial evaluation and endo-
thelial-protective surgical technique may be particularly im-
portant in diabetic patients undergoing phacoemulsification.
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ABSTRACT

Reserve antibiotics are frequently used in hospitalized patients
with severe infections, particularly in tertiary healthcare instituti-
ons. Although these agents are essential for the treatment of mul-
tidrug-resistant infections, their use may be associated with an
increased risk of adverse drug reactions(ADRs). Identification of
clinical and laboratory predictors of ADRs may contribute to sa-
fer and more rational antibiotic therapy. To determine the frequ-
ency of ADRs during treatment with reserve antibiotics in hospi-
talized patients at the University Clinical Center Kraguje-
vac(UCCKg) and to identify factors associated with their occur-
rence. This observational study had a prospective—retrospective
design and included spontaneous reporting of ADRs to reserve
antibiotics by clinical pharmacologists during regular consultati-
ons with patients receiving these drugs. The study was conducted
in all units of the UCCKg among patients for whom a consultation
with a clinical pharmacologist had been requested by the atten-
ding physician between January 2022 and December 2023. Data
were collected from the consultation registry archive and the e-
lectronic health information system of the UCCKg. Among pati-
ents receiving reserve antibiotics who were consulted by clinical
pharmacologist, 52 developed ADRs. Significant factors associa-
ted with their occurrence were chronic renal insufficiency(adju-
sted OR 3.36), heart failure(adjusted OR 0.26), and peptic ulcer
disease(adjusted OR 0.27). Reserve antibiotics are essential in the
treatment of severe infections and are frequently used in tertiary
healthcare institutions. Their use is associated with a certain inci-
dence of ADRs, particularly in patients with renal failure or pro-
longed severe infections. These factors should be considered du-
ring treatment planning to prevent unfavorable outcomes.

Keywords:  Adverse drug reactions, reserve antibiotics,
hospitalized patients, risk factors, pharmacovigilance.
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INTRODUCTION

Adverse drug reactions (ADRs) are responses to a medi-
cinal product that are noxious and unintended, and that occur
at doses normally used in humans or arise from the use of a
medicinal product within or outside the terms of the marke-
ting authorization, including medication errors, misuse, a-
buse, and off-label use (1,2). ADRs are a serious public he-
alth issue due to their potential to greatly increase morbidity,
death, and financial burden (3). Up to 0.1-1% of patients u-
sing systemic drugs experience ADRs, which are a global he-
alth concern. These are expensive for the healthcare systems
and have an effect on patient care and health-related quality
of life (4). Research indicates that hospital admissions were
caused by 5-10% of ADRs. Hospital admissions for ADRs
were 5.5% in underdeveloped countries and 6.3% in wealthy
countries. According to an Indian study, the prevalence of
ADRs was 3.7%, and 0.7% of hospitalizations were caused
by ADRs (5).

Based on patient characteristics (gender, age, weight, cre-
atinine clearance, and number of comorbidities) and drug ad-
ministration (dosage, administration method, number of con-
current drugs), high-risk agents should be properly monito-
red. Extremes in age, gender, the use of many medications, a
medical condition, a history of allergies or ADRs, genetics,
high dosages, and numerous other factors can all raise the risk
of ADRs. In some groups, particularly the elderly, stopping
medication or altering dosage may have a significant role in
the development of ADRs (6-9). Effective healthcare man-
agement and patient safety depend on an understanding of
ADRs (10). Hospitalized patients are particularly vulnerable
to ADRs due to the severity of their underlying diseases,
polypharmacy, and the frequent use of high-risk medications.
Antibiotics are among the most commonly prescribed drugs
in hospital settings, and their use is often associated with a
considerable number of adverse reactions (11). In addition to
allergic reactions, antibiotics may cause gastrointestinal dis-
turbances, hepatotoxicity, nephrotoxicity, hematological dis-
orders, and neurological complications (12,13).

Reserve antibiotics, including carbapenems, glycopepti-
des, polymyxins, and oxazolidinones, are primarily used for
the treatment of severe infections caused by multidrug-resi-
stant microorganisms. Although these drugs are highly
effective, they are also associated with a higher risk of ADRs,
particularly in critically ill and hospitalized patients. Their
toxicity profile and the complex clinical conditions of treated
patients make pharmacovigilance and careful monitoring
essential (14,15). In tertiary healthcare institutions, the use of
reserve antibiotics has increased significantly due to the ri-
sing prevalence of antimicrobial resistance (16). Despite their
clinical importance, data regarding the frequency and risk
factors for ADRs with these drugs remain limited, particu-
larly in hospitalized populations. Therefore, the aim of this
study was to determine the frequency of ADRs during tre-
atment with reserve antibiotics in hospitalized patients at the
University Clinical Center Kragujevac and to identify factors
associated with their occurrence.

MATERIALS AND METHODS
Study design, population, sampling procedure

This study had an observational design with a mixed pro-
spective—retrospective approach and included spontaneous
reporting of ADRs to reserve antibiotics by clinical pharma-
cologists during their routine consultations. The study was
conducted among patients who were receiving or had re-
ceived reserve antibiotics.

The study population consisted of patients hospitalized at
the University Clinical Center Kragujevac between January
2022 and December 2023. Cases were defined as hospitali-
zed patients who developed ADRs associated with reserve
antibiotics. The control group consisted of patients hospitali-
zed during the same period who were also treated with re-
serve antibiotics but did not develop ADRs. Controls were
matched to cases in a 1:2 ratio.

The inclusion criteria were: hospitalization at the Univer-
sity Clinical Center Kragujevac, treatment with reserve anti-
biotics, and complete medical documentation. Exclusion cri-
teria included incomplete medical records, confirmed drug o-
verdose, and age under 18 years.

A consecutive convenience sampling method was used
for the selection of cases, meaning that all patients with re-
ported ADRs during the study period were included. For each
case, potential controls were selected among patients of the
same sex and similar age (+ 5 years).

The dependent variable was the occurrence of ADRs, de-
termined based on the consultation report of a specialist
physician recorded in the patient's medical documentation.
ADRs were defined as any harmful and unintended response
to a drug that occurs at doses normally used in humans for
the purposes of treatment, prevention, diagnosis, or modifi-
cation of physiological functions, or occurring at any dose
during a clinical trial.

Independent variables included length of hospitalization,
number of consulted physicians, total number of consultati-
ons, and whether the patient had been treated in an intensive
care unit. All variables were obtained from patients’ medical
records.

Potential confounding variables included patient educa-
tion level, marital status, place of residence (urban or rural),
occupation, lifestyle habits (smoking, alcohol consumption,
coffee intake), Charlson Comorbidity Index, and specific
comorbidities such as chronic renal insufficiency, heart fai-
lure, type 2 diabetes mellitus, hyperlipidemia, malignancy,
liver disease, and atrial fibrillation. Comorbidities were
assessed using the Charlson Comorbidity Index, a validated
method for classifying prognostic comorbidity in longitudi-
nal studies (17). These variables were derived from patients’
medical records. The primary reason for hospitalization and
the medications administered during hospitalization were
also recorded.
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Data were independently extracted by two researchers
from computerized patient medical records stored in the
hospital information system “ZIS” (Comtrade, Belgrade).
Any discrepancies between the extracted datasets were resol-
ved by consensus in order to ensure accuracy and consi-
stency.

Statistical analysis

The minimum required sample size for the study was cal-
culated using the G*Power software (version 3.1.9.7) (18)
based on results from a previously published study (19). The
calculation was performed using the following parameters:
probability of type I error (o) of 0.05, minimum statistical
power of 0.80, odds ratio of 2.6, outcome frequency of 0.26,
coefficient of determination (R?) of 0.40, and normal distri-
bution of variables. Based on these parameters, the calculated
minimum sample size was 33 patients in the case group,
while the control group was planned to include twice as many
participants.

The collected data were numerically coded, tabulated,
and subsequently checked for possible errors by the two inve-
stigators. Descriptive statistics were used to summarize the
data. Continuous variables were presented as mean values
with standard deviation when normally distributed, while
median and interquartile range were used when data were not
normally distributed. Categorical variables were expressed as
frequencies, percentages, and relative proportions.

The influence of potential predictors and confounding va-
riables on the occurrence of ADRs was assessed using multi-
variate binary logistic regression analysis. Prior to applying
the regression model, the assumptions for multivariate a-
nalysis were verified, including binary outcome variable,
independence of observations, absence of multicollinearity a-
mong predictors, lack of extreme outliers, and adequate
sample size for logistic regression analysis.

The quality and goodness-of-fit of the regression model
were evaluated using Cox & Snell R?, Nagelkerke R?, and the
Hosmer—Lemeshow goodness-of-fit test.

A p-value < 0.05 was considered statistically significant.
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 18.0.

Ethical approval: The study was performed in line with
all the relevant national regulations, institutional policies,
and in accordance with the tenets of the Helsinki Declaration
and has been reviewed and approved by the institutional re-
view board, the Ethics Committee of University Clinical
Center Kragujevac [approval number: 01/24-131].

Informed consent statement: Written informed consent
was obtained from all individual participants included in the
study.
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RESULTS

Out of a total of 9,621 clinical pharmacologist consulta-
tions during the two-year study period, 156 patients were in-
cluded in the analysis. Among them, 52 patients experienced
an ADR, while 104 patients formed the control group. Over-
all, 47 patients died, whereas 11 required prolonged hospital-
ization. Data on the characteristics of the study sample are
presented in Tables 1-4, which include demographic and
clinical parameters.

Distribution of patient comorbidities are presented in
Table 1.

The most frequently prescribed antibiotics were vanco-
mycin, followed by meropenem. Their distribution is shown
in Table 2.

The most notable laboratory abnormalities were observed
for leukocyte count, serum creatinine, and C-reactive protein
(CRP). Mean values are presented in Table 3.

A slightly higher proportion of patients in the total sample
had a fatal outcome, while a smaller percentage required pro-
longed hospitalization. Other relevant characteristics of the
study population are presented in Table 4.

Table 5 presents the characteristics of patients according
to the study outcome (presence of ADR). No statistically sig-
nificant difference in sex distribution was observed between
the groups. A considerable proportion of patients had diabe-
tes, chronic renal insufficiency, and heart failure.

The relationship between independent variables, potential
confounders, and the occurrence of ADRs was examined us-
ing multivariate binary logistic regression analysis. A for-
ward conditional stepwise method was applied to construct
the regression model including the following predictors:
heart failure, peptic ulcer disease, chronic renal insufficiency,
age. sex, Charlson comorbidity index, length of hospitaliza-
tion, leukocyte count, CRP level.

All assumptions for logistic regression analysis were sat-
isfied. There were no extreme outliers, the sample size was
adequate, no multicollinearity was detected (variance infla-
tion factor < 2 for all predictors), observations were inde-
pendent, and residuals followed an approximately normal
distribution. Six atypical observations were excluded from
the analysis.

The Hosmer—Lemeshow test showed good model fit (y* =
1.916,df =5, p=0.861). The Cox & Snell R? was 0.118 and
the Nagelkerke R? was 0.164.

Variables included in the final model are presented in Ta-
ble 6. Heart failure, peptic ulcer disease, and chronic renal
insufficiency were identified as factors associated with the
occurrence of ADRs. Heart failure and peptic ulcer disease
were identified as protective factors, whereas chronic renal
insufficiency was identified as a risk factor for ADRs.
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Table 1. Distribution of patient comorbidities (n = 156)

Comorbidity Frequency (percentage)
Type 2 diabetes mellitus (yes/no) 50/106 (32.1%/67.9%)
Myocardial infarction (yes/no) 10/146 (6.4%/93.6%)
Heart failure (yes/no) 64/92 (41%/59%)
Peripheral vascular disease (yes/no) 22/134 (14.1%/85.9%)
Cerebrovascular disease (yes/no) 12/144 (7.7%/92.3%)

Dementia (yes/no)

10/ 146 (6.4%/93.6%)

Connective tissue disease (yes/no)

5/151 (3.2%/96.8%)

Chronic obstructive pulmonary disease
(yes/no)

25/131 (16%/84%)

Peptic ulcer disease (yes/no)

29/127 (18.6%/81.4%)

Liver disease (yes/no)

5/151 (3.2%/96.8%)

Hemiplegia (yes/no)

14/142 (9%/91%)

Solid tumor (yes/no)

18/138 (11.5%/88.5%)

Chronic renal insufficiency (yes/no)

38/118 (24.4%/75.6%)

Leukemia (yes/no)

6/150 (3.8%/96.2%)

Lymphoma (yes/no) 2/154 (1.3%/98.7%)
Table 2. Administered antibiotics (n = 156)
Antibiotic Frequency (percentage)
Meropenem (aayes/no) 71/85 (45.5%/54.5%)
Imipenem/cilastatin (yes/no) 22/134 (14.1%/85.9%)
Piperacillin/tazobactam (yes/no) 12/144 (7.7%/92.3%)
Vancomycin (yes/no) 82/74 (52.6%/47.4%)

Teicoplanin (yes/no)

17/139 (10.9%/89.1%)

Linezolid (yes/no)

9/147 (5.8%/94.2%)

Colistimethate sodium (yes/no)

26/130 (16.7%/83.3%)

Tigecycline (yes/no)

20/136 (12.8%/87.2%)

Table 3. Mean laboratory values (n = 156)

Laboratory parameter Mean = SD, median, IQR Units
Platelets 277.69 £161, 263.5, 212 x10°%/L
Urea 10.6 +10.8,7.55, 7 mmol/L
Serum creatinine 145.71 £ 173.68, 79, 80 pmol/L
Leukocytes 13.78 £17.99,11.2, 8.3 x10°/L
Neutrophils 9.09+7.72,7.94,6.2 x10°/L
ALT 65.68 +143.5, 22,29 U/L
AST 76.68 £207.4,27, 30 U/L
GGT 95.24 +121.2,47.5, 98 U/L
Total bilirubin 25.9+51.9,13.45, 10 pmol/L
Direct bilirubin 12.84 £35.2,4.1,4.8 pmol/L
Amylase 73.15 £ 84.95, 56, 64 U/L
Lipase 103.13 £290, 8, 42 U/L
CRP 133.65 £92.83, 125, 140 mg/L

Abbreviations: CRP — C-reactive protein; ALT — alanine aminotransferase; AST — aspartate ami-
notransferase; GGT — gamma-glutamyl transferase; SD — standard deviation; IQR — interquartile

range.
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Table 4. Other relevant characteristics of the study population (n = 156)

Frequency (percentage) for categorical variables,

Parameter Mean = SD, median, IQR for continuous variables

Adverse drug reaction (yes/no)

Recovery (yes/no)
Death (yes/no)

Prolonged hospitalization (yes/no)

Allergy history (yes/no)

52/104 (33.3%/66.7%)
33/123 (21.2%/78.8%)
47/109 (30.1%/69.9%)
11/145 (7.1%/92.9%)
21/135 (13.5%/86.5%)

ICU stay (yes/no) 74/82 (47.4%/52.6%)
Age 64.12 +13.75, 65.5, 17
Duration of ADR 2.81+5.52,0,4
Charlson comorbidity index 45+236,4,3
Duration of antibiotic therapy 9.68 £5.83,9,6

Length of hospitalization
Total consultations

36.58 £36.59, 29, 27
17.27+17.24,11, 15

Pharmacologist consultations

Abbreviations: SD — standard deviation; IQR — interquartile range. ICU- Intensive Care Unit

Table 5. Characteristics of study participants according to the outcome — occurrence of ADRs.

Cases (n=52)

4.93+3.99,4,5

Controls (n=104)

Parameter Frequency (%), Frequency (%), p-value
median, [IQR] median, [IQR]
Sex (M/F) 33/19 65/39 0.907
(63.5%/36.5%) (62.5%/37.5%) :

Acute myocardialin- |4 107 700107 304) | 6/98(5.8%/94.2%) 0.644
farction

Heart failure 15/37(28.8/71.2%) | 49/55(47.1%/52.9%) 0.029
fae:;l’heral vaseular dis- | g,14 15 49/84.6%) | 14/90(13.5%/86.5%) 0.745
Cerebrovascular stroke | 2/50(3.8%/96.2%) 10/94(9.6%/90.4%) 0.202
Dementia 3/49(5.8%/94.2%) | 7/97(6.7%/93.3%) 0.817
fa‘;';“e“‘ve tissuedis- | /511 900108 19%) | 4/100(3.8%/96.2%) 0.520
Peptic ulcer disease 5/47(9.6%/90.4%) | 24/80(23.1%/76.9%) 0.042
Chronic obstructive 7/45(13.5%/86.5%) | 18/36(17.3%/82.7%) 0.537
pulmonary disease

Liver disease 3/49(5.8%/94.2%) | 2/102(1.9%/98.1%) 0.199
Diabetes mellitus 16/36(30.8%/69.2) | 34/70(32.7%/67.3%) 0.808
Hemiplegia 5/47(9.6%/90.4%) | 9/95(8.7%/91.3%) 0.843
gi‘;‘c’;“c renalinsuffi- |y g,3434 604/65.4) | 20/84(19.2%/30.8%) 0.035
Solid tumor 5/47(9.6%/90.4%) | 13/91(12.5%/87.5%) 0.595
Leukemia 0/52(0%/100%) | 6/98(5.8%/94.2%) 0.077
ILymphoma 0/52(0%/100%) | 2/102(1.9%/98.1%) 0.314
Allergy 4/48(7.7%/92.3%) | 17/87(16.3%/83.7%) 0.135
Meropenem 23/29(44.2%/55.8) | 48/56(46.2%/53.8%) 0.820
Tmipenem 8/44(15.4%/84.6%) | 14/90(13.5%/86.5%) 0.745
Piperacillin/tazobactam | 5/47(9.6%/90.4%) 7/97(6.7%/93.3%) 0.524
Vancomycin 24/28(46.2%/53.8) | 58/46(55.8%/44.2%) 0.257
Teicoplanin 3/49(5.8%/94.2%) | 14/90(13.5%/86.5%) 0.146
Linezolid 2/50(3.8%/96.2%) | 7/97(6.7%/93.3%) 0.466
Colistin 10/42(19.2%/80.8) | 16/38(15.4%/84.6%) 0.543
Tigecycline 7/45(13.5%/86.5%) | 13/91(12.5%/87.5%) 0.866
ICU stay 27/25(51.9%/48.1) | 47/57(45.2%/54.8%) 0.427
Recovery 33/19(63.5%/36.5) | 0/104(0%/100%) 0.000
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Cases (n=52)

Controls (n=104)

Parameter Frequency (%), Frequency (%), p-value
median, [IQR] median, [IQR]

Death 15/37(28.8%/71.2) | 32/72(30.8%/69.2%) 0.805
EZ‘:"“ged hospitaliza- | 11,4121 204/78.8) | 0/104(0%/100%) 0.000
Age 64.5[16] 67.1[19] 0.507
Duration of ADR 7[8] 0[0] 0.000
‘Charlson comorbidity 4[3] 4.5[3] 0.436
index
Duration of antibiotic
therapy 6.5[8] 10[5] 0.005
cength of hospitaliza- 30[26] 28.5[26] 0.801
Total consultations 12[14] 11]16] 0.509
thlrmacologlst consul- 4[6] A[4] 0.722
tations
AST 30[29] 26[31] 0.719
ALT 22[30] 21.5[30] 0.328
GGT 50.5[116] 40.5[97] 0.594
Total bilirubin 12[9.7] 13.9[11.1] 0.293
Direct bilirubin 3.55[4.1] 4.1[4.9] 0.344
Amylase 61.5[47] 49[62] 0.250
Urea 7.75[7.7] 7.4[7] 0.870
Creatinine 86.5[135.8] 77[65] 0.307
Leukocytes 9.5[6.5] 11.7[9.3] 0.037
Neutrophils 6.8[4.8] 8.52[6.64] 0.068
Platelets 256[166] 267[241] 0.936
CRP 133.3[149.5] 120.4[116.1] 0.897

Abbreviations: CRP — C-reactive protein; ALT — alanine aminotransferase; AST — aspartate ami-
notransferase; GGT — gamma-glutamyl transferase; ICU- Intensive Care Unit; IQR — interquartile
range.

Table 6. Statistically significant predictors of ADR occurrence identified by multivariate logistic regression

Risk factor Crude OR (95% CI) Adjusted OR (95% CI) P value
Heart failure 0.455 (0.223-0.928) 0.262 (0.115-0.599) 0.002
Peptic ulcer disease 0.355 (0.127-0.992) 0.268 (0.091-0.790) 0.017
Chronic renal insuffi-

ciency 2.224 (1.049-4.713) 3.356 (1.415-7.955) 0.006

Abbreviations: OR — odds ratio; CI — confidence interval; p — probability of the null hypothesis.

DISCUSSION

Our study evaluated factors associated with ADRs related
to reserve antibiotics in hospitalized patients in a tertiary he-
althcare institution. Our findings indicate that chronic renal
insufficiency represents a significant risk factor for the occur-
rence of ADRs, while heart failure and peptic ulcer disease
were associated with a lower risk of these reactions.

Previous studies have found that comorbidities represent
an important factor influencing the development of ADRs
(20,21). In the present study, chronic renal insufficiency was
identified as a significant risk factor for the occurrence of

ADRs. This finding is consistent with previous research
showing that impaired renal function may increase the risk of
drug accumulation, toxicity, and altered pharmacokinetics of
many antimicrobial agents. Consequently, careful dose adju-
stment and monitoring of renal function are essential when
prescribing reserve antibiotics to patients with renal impair-
ment (22).

Reduced glomerular filtration, tubular secretion, and re-
absorption in patients with chronic kidney disease lead to
altered pharmacokinetics and increased systemic exposure to
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drugs that are primarily eliminated through the kidneys.
Accumulation of antibiotics and their metabolites may occur,
increasing the likelihood of toxic effects and adverse reacti-
ons (23). Furthermore, uremia may alter protein binding of
drugs due to decreased serum albumin levels, resulting in a
higher fraction of pharmacologically active free drug in
circulation (24). These mechanisms may partly explain the
increased incidence of ADRs observed in patients with chro-
nic renal insufficiency in our study.

On the other hand, heart failure and peptic ulcer disease
were identified as protective factors in the multivariate a-
nalysis. One possible explanation for this finding is that pati-
ents with these conditions are more frequently monitored and
receive more cautious pharmacotherapy due to their already
recognized clinical vulnerability. Increased clinical attention
and closer therapeutic monitoring may therefore contribute
to a lower observed incidence of ADRs in these patients.

In our study, vancomycin and meropenem were the most
frequently prescribed antibiotics. This observation reflects
current clinical practice in tertiary care hospitals, where these
agents are commonly used in the treatment of severe infecti-
ons caused by multidrug-resistant microorganisms. Howe-
ver, the use of these antibiotics is often associated with a
higher risk of adverse reactions due to their pharmacological
properties, potential nephrotoxicity, and the complexity of
patients’ clinical conditions. A major concern is high dosage,
since plasma trough levels of vancomycin show a linear asso-
ciation with the risk of acute kidney injury and is significan-
tly correlated with nephrotoxicity, particularly at dosages of
>20 mg/L or >4 g/day. Additionally, it has been discovered
that a high dose of vancomycin (=15 mg/L) is an independent
risk factor for nephrotoxicity (25).

An important aspect of this study is the role of clinical
pharmacologists in the detection, assessment, and prevention
of ADRs. In our study, ADRs were identified through routine
consultations and spontaneous reporting, highlighting the
importance of integrating clinical pharmacology consultati-
ons into everyday hospital practice. Clinical pharmacologists
contribute to early recognition of ADRs, optimization of
pharmacotherapy, and individualized dose adjustment, parti-
cularly in high-risk patients receiving reserve antibiotics
(26). The effectiveness of these interventions depends not
only on the identification of drug-related problems but also
on the successful implementation of recommendations in cli-
nical practice. In line with previous studies, clinical pharma-
cologists and pharmacists play a crucial role in improving
medication safety among hospitalized patients. Their re-
commendations are more likely to be accepted when they ad-
dress clinically evident ADRs or involve high-risk drug com-
binations, particularly in the context of regularly prescribed
therapies (27).

The findings of this study have important clinical impli-
cations. Identifying patients at increased risk for ADRs can
help clinicians implement targeted monitoring strategies,
adjust antibiotic dosing more appropriately, and potentially
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reduce the occurrence of adverse events. This is particularly
relevant in tertiary healthcare settings where reserve antibio-
tics are frequently used in critically ill patients.

Limitations

Several limitations of this study should be acknowledged.
First, the relatively small sample size may limit the generali-
zability of the findings. Second, the study was conducted in
a single tertiary healthcare institution, which may reduce
external validity. In addition, the retrospective component of
the data collection may have introduced information bias due
to incomplete or inconsistent medical records. Future studies
with larger sample sizes and multicenter designs are needed
to further clarify the risk factors associated with ADRs and
to develop strategies for improving the safe use of reserve
antibiotics in clinical practice.

CONCLUSION

The use of reserve antibiotics in hospitalized patients at
tertiary healthcare institutions is associated with a measura-
ble risk of ADRs, which is likely related to the severity of
illness and complexity of these patients. Identification of risk
factors may contribute to safer and more individualized anti-
biotic therapy in hospital settings.
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INTRODUCTION

Host defense peptides (HDPs), found in almost all spe-
cies, from bacteria to humans, represent a heterogeneous
group of peptides with a multiplicity of properties. Although
they vary in amino acid sequences and structure, some fea-
tures are in common for all members of this family. They are
composed of 12 to 50 amino acids with a positive net charge
(+ 2to + 9) due to lysine or arginine residues, and about 50%
hydrophobic residues. HDPs have diverse biological and
functional properties, still, the most common characteristic is
their antimicrobial effect. Cationic and amphiphilic features
enable strong interaction with membranes, especially with
negatively charged membranes of microorganisms. Host de-
fense peptides with antimicrobial properties are also referred
to as antimicrobial peptides (AMPs). HDPs are most often
bifunctional. In addition to their broad-spectrum antimicro-
bial action, HDPs exert diverse immunomodulatory activi-
ties, both pro-inflammatory and anti-inflammatory. As such,
HDPs are the first-line defense against pathogens and an in-
dispensable part of innate immunity.

Physiologically active cationic peptides were first de-
scribed in 1956 by Skarnes and Hirsch as peptides with anti-
microbial activity (1, 2). Ten years later Zeya and Spitznagel
introduced term defensins for several basic proteins found in
polymorphonuclear leukocyte lysosomes, due to their partic-
ipation in host defense (3, 4). At the beginning of the 1980's,
in studies of the African frog Xenopus laevis oocyte system,
it was observed that despite the nonsterile surgical proce-
dures, cut margins of the wound didn't develop an infection,
and normal healing of lesions occurred. Later on, Zasloff ex-
tracted two components with antibacterial activity from the
skin of Xenopus laevis and called them "magainins" (5).
Since then, a large number of natural peptides displaying a
diversity of functions related to host defense have been iso-
lated from cells and tissues of virtually all living organisms.
They were found to be present in bacteria, fungi, and in all
multicellular organisms as an inherent part of non-specific
immunity. In bacteria, these molecules, called bacteriocins,
provide survival in nutrient-poor environments by inhibiting
adjacent microorganisms (6). Herbal peptides with the activ-
ities toward phytopathogens have been found in all plant or-
gans. In mammals peptides participating in host defense re-
side in granulocytes, skin, and mucous membranes of the
gastrointestinal, urogenital and respiratory tract. The antimi-
crobial peptide database (APD,
http://aps.unmc.edu/AP/main.php) so far contains 337 bacte-
riocins, 18 fungi, 346 plant, and 2264 animal host defense
peptides with antimicrobial and immunomodulatory activi-
ties.

CLASSIFICATION

HDPs are classified based on their primary and secondary
structure. In mammals, three major families have been de-
scribed: defensins, cathelicidins, and histatins (7). Defensins
are further divided into three groups: a-defensins, B-defen-
sins, and 6-defensins. They are widely expressed on the skin

and mucous membranes, in Paneth's cells of the small intes-
tine and stored in granules of neutrophils. The cathelicidins,
found only in mammals, are immanent mostly in lymphoid
tissue, but are also found in epithelial and brain tissue. The
only cathelicidin found in humans is LL-37 (8). This multi-
functional peptide is present predominantly in leukocytes,
but also in different cells of various tissues and body fluids.
Histatins are histidine-rich peptides present in saliva and, due
to their bactericidal and fungicidal activity, participate in
maintaining of oral health.

ANTIMICROBIAL ACTIVITY

The first contact between the peptide and bacteria is elec-
trostatic. Peptidoglycan and cell wall-associated proteins, as
well as cytoplasmic membrane surface, bear negative net
charges. Electrostatic attraction between the negatively
charged bacterial envelope and cationic peptides leads to
peptide accumulation in the cell wall and interaction with the
membrane surface. After binding to the membrane some pep-
tides disrupt its structure and thus increase membrane perme-
ability, or form pores, which leads to cell lysis. Others trav-
erse the membrane, enter the cell and bind to vital molecules,
inhibit the activity of enzymes participating in the synthesis
of the cell wall, DNA, RNA, and proteins (9-11), or activate
microbial autolytic systems (12). Since the surface of bacte-
ria is more negatively charged than the eukaryotic cell mem-
brane, peptides show a selective affinity for bacteria. Choles-
terol present in the membrane of eukaryotic cells contributes
to HDPs selectivity as well, by preventing peptide binding.

There are several mechanisms of HDPs antiviral action.
They can act directly on the viral envelope (13) or interfere
with viral adsorption and/or entry into the cell (14). Some
HDPs that have the ability to translocate through the cyto-
plasmic membrane of eukaryotic cells, or others, that are pro-
duced and stored in cellular organelles, can activate host an-
tiviral mechanisms inside an infected cell, or block expres-
sion of viral genes (15, 16). a-defensin HNP-1 inhibits repli-
cation of HIV-1 and influenza virus and inactivates vesicular
stomatitis virus, adenovirus, HSV, CMV, and papillomavirus
(17-19). Some other HDPs, such as cathelicidin LL-37 and
neutrophile peptide Alpha-defensin-1, block HIV-1 infection
either through down-regulation of HIV-1 coreceptor
CXCRA4(20) or by inhibition of virus replication in infected
cells (21). 6-defensin Retrocyclin 2 inhibits avian influenza
HS5NI1 virus through interference with viral mRNA transcrip-
tion (22).

A number of HDPs have shown strong fungicidal proper-
ties(23). Most HDPs, that affects a broad spectrum of micro-
organisms, including fungi, bacteria, and viruses, act nonspe-
cifically and exert their activity by inducing membrane lysis
(24-27). HDPs that have primarily or exclusively antifungal
properties are less immanent. These peptides have diverse
specific targets. Members of the echinocandin family are in-
hibitors of B-glucan synthase, the enzyme involved in the
generation of the cell wall in Candida, Aspergillus, Crypto-
coccus, and Pneumocystis species. Preclinical and clinical
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studies have shown these peptides and their analogs as prom-
ising agents for the treatment of invasive and systemic Can-
dida and Aspergillus infections(28, 29). Synthase inhibitors,
such as Nikkomycins, interrupt the synthesis of chitin, a cell
wall component essential for the structural integrity of the
fungus. These HDPs have shown significant activity against
Candida albicans, Candida immitis, and Blastomyces derma-
tides(30, 31). Aureobasidins alter the assembly of actin and
chitin and interrupt the synthesis of sphingolipids in Candida
spp. and Cryptococcus neoformans (32, 33). Some members
of the defensin family with marked antifungal effects target
the fungus-specific membrane glucosylceramide and induce
the generation of toxic reactive oxygen species (34, 35).
Histatins exert strong candidacidal activity (36-38) and sig-
nificant activity against Cryptococcus neoformans and As-
pergillus fumigates (39, 40). Histatin 5 is highly selective for
fungi, acting on specific intracellular targets (41).

189

Only a minority of HDPs have been tested against para-
sites known to cause infections in humans. Since the cell
membrane of protozoan parasites has a higher proportion of
anionic phospholipids than mammalian cells, it seems that
the antiprotozoan action of HDPs is also based on electro-
static binding and disruption of the plasma membrane. NK-
lysin, a peptide found in cytoplasmic granules of porcine cy-
totoxic T cells and natural killer cells (the human analog is
termed granulysin), interacts with the membrane of erythro-
cytes infected with Plasmodium falciparum, permeabilizes it,
and kills intracellular parasites (42). NK-lysin also potently
inactivates Trypanosoma cruzi by permeabilization of the
parasite plasma membrane (43). Magainins and cecropins
tested against a variety of Plasmodium species (44) have the
potential to inhibit the normal development of oocysts and
disrupt the sporogonic development of Plasmodium. Bovine
lactoferrin peptides exhibited potent in vitro antigiardial ac-
tivity (45).

The mechanisms of HDPs antimicrobial activity are shown in Table 1.

Table 1. Mechanisms of HDPs antimicrobial activity

Antibacterial
Mechanism of action HDPs Target organism Reference

Permeabilization of the outer and the | HNP4 E. coli, E. aerogenes, En. faecalis, (46)

inner membrane S. aureus, B. cereus

Membrane dysfunction Lactoferrin V. cholerae, S. typhimurium, E. coli. 47)

Inhibition of cell wall synthesis BMAP-28 A. baumannii (48)
Polymixin E E. coli, P. aeruginosa (49)
RTD-1 E. coli, P. aeruginosa, S. aureus (50)
Mersacidin B. cereus M. luteus S. simulans (51) (52)
Seminalplasmin E. coli (53)
HNP-1 C. difficile (54)
hBD3 S.aureus, E. faecium (55) (10)

Inhibition of DNA, RNA and protein | tPMP-1 and tPMP-2 S.aureus (11)

synthesis Pleurocidin E. coli (56)
Apidaecins, oncocins E. coli

Activation of the microbial autolytic | RTD-1 and RTD-2 S. aureus, S. simulans, S. carnosus

systems

Antiviral

Viral envelopes lysis LL-37 Vaccinia virus (13)

Interference with viral adsorption Dermaseptins HSV1 (14)

and/or entry into the cell HNPs-1 - 3, HD-5 HPV (17)
HNP-1 HSV1 (18)
NP-1 HSV2 (19)
HD5 HIV1 57
B-defensin-2 and HBD-3 HIV1 (58)

Inhibition of replication Melittin, Cecropin HIV1 (15)
Alpha-defensin-1 HIV1 (20)
B-defensin-2, HBD-3 HIV1 (58) 21
LL-37 HIV1 (59)

Blocking expression of viral genes HNP-1 and HBD-2 HIV1 (16)
LL-37, mCRAMP Influenza A virus (22)
Retrocyclin 2 H5N1 (60)
HNP2, HDP HSV2
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Antifungal
Membrane lysis Cecropin B, Dermaseptin | A. flavus, A. fumigates, A. niger, (24)
F. moniliforme, F. oxysporum

Ranalexin, Magainin II Candida spp, Cryptococcus 27
Inhibition of fungal chitin synthase Nikkomycins X and Z C. immitis, B. dermatitidis (30,31)
Inhibition of sphingolipid synthesis | Aureobasidin A S. cerevisiae (32)
Disruption of actin assembly and Aureobasidin A S. cerevisiae (61)
chitin delocalization
Induction of reactive oxygen species | RsAFP2 C. albicans (62) (63)

HsAFP1 S. cerevisiae (64)
Induction of ion fluxes DmAMP1 (65)
Cell cycle progression impairment RsAFP2 N. crassa (66)

Psdl N. crassa

Antiparasitic
Membrane permeabilisation NK-lysin P. falciparum (42)
T. cruzi (43)

Oocyst development and sporozoite | Magainin 2, Cecropin B Plasmodium spp. (44)
production
Membrane disruption, morphologi- bLF (45)
cal changes, apoptosis induction G. intestinalis

ROLE IN IMMUNITY

In addition to antimicrobial potency, HDPs have a variety
of functions related to host defense (Figure 1.). They act as
signaling molecules that coordinate innate and adaptive im-
mune response and promote subsequent healing of injured
tissue and neovascularization of the wound (67-71). Their
numerous immunomodulatory functions include the ability to
act as chemokines and/or to induce the production of chem-
okines that attract neutrophils, monocytes, T cells, and mast
cells to the infection site (72). HDPs stimulate mast cell
degranulation which results in increased permeability of
blood vessels and enables the recruitment of leukocytes to the
site of inflammation (73, 74). In an inflammatory environ-
ment, they increase the production of ROS and amplify the
respiratory burst in macrophages (75) and neutrophils (76).
HDPs can modulate host gene expression (77) thus influenc-
ing the production of pro- and anti-inflammatory cytokines.
Also, they may facilitate maturation and function of dendritic
cells and enhance adaptive immune response (78). Im-
portantly, these peptides can bind LPS and neutralize them,
or block the binding of LPS to macrophage receptors (79,
80), thus preventing an excessive proinflammatory response
that can result in tissue damage (81).

The immunomodulatory activity of HDPs is not unidirec-
tional. Depending on stimuli, HDPs can exert a dual impact
on the immune response. Popovic et al. have shown that

brevinin-2-related peptide-ERa (B2RPERa), isolated from
Hylarana erythraea, induces proliferation of resting periph-
eral blood mononuclear cells, but limits proliferative re-
sponse to concanavalin A (82). The dual effect of LL-37 is
well documented. /n vitro experiments showed that this
cathelicidin, expressed in human myeloid and epithelial cells,
completely inhibited the expression of proinflammatory
genes, but did not affect the expression of chemotactic medi-
ators in LPS-activated macrophages (83). Furthermore, this
peptide influenced the differentiation of dendritic cells: LL-
37 increased their endocytic capacity, modified expression
and function of receptors involved in phagocytosis, increased
expression of costimulatory molecules and production of Th1
cytokines, promoting Thl cell response (84). In contrast,
simultaneous treatment of immature dendritic cells with LL-
37 and TLR-ligands inhibited their maturation (85). As stud-
ies have shown that the expression of this peptide is increased
during infection or inflammation, it seems that LL-37, and
possibly some other HDPs, acts as a negative feedback signal
that promotes local immune response to infection, and pre-
vents systemic hyperproliferative response. The crucial role
of HDPs in both prevention and resolution of infection has
also been shown in animal models (81, 86, 87).
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Figure 1. Inmunomodulatory properties
chemokine direct
production chemotaxis
endotoxin mast cel!
neutralization degranulation
o '\\
/
angiogenesis IL HDPs | ROS and NO
giog \ / production
. leukocyte differentiation
wound healing and polarization
pro- and anti-inflammatory
cyltokine production
ANTITUMOR ACTIVITY

In recent years it became evident that HDPs exhibit prom-
ising antitumor activity and may have therapeutic value. A
variety of peptides tested in vitro for their ability to kill can-
cer cells showed an outstanding direct cytotoxic effect on leu-
kemia, lymphoma, bladder, ovarian, cervical, breast, lung,
and oral squamous carcinoma cells (88-96). The advantage
of HDPs over conventional chemotherapeutics is their selec-
tivity for cancer cells. That discrimination is based on the dif-
ference in expression of cell surface molecules such as phos-
phatidylserine, heparan sulfate, or sialic acid (97, 98), vari-
ance in membrane fluidity, and the presence of a high number
of microvilli that increase the surface of the cancer cell. In-
teraction between HDPs and cancer cells is electrostatic. Ow-
ing to their cationic amphipathic structure, HDPs interact
with negatively charged molecules that are more abundantly
expressed on cancer cells. Damaging of the cell membrane
can be apparent within minutes. Certain HDPs do not disturb
cell membrane integrity, but translocate through the mem-
brane of the cancer cell to the cytosol and interact with cellu-
lar components, preferentially with mitochondria whose
membrane contains more phosphatidylserine compared to a
normal cell, and trigger apoptosis (99). Conducively, cancer
cells change the microenvironment lowering pH, and that can
be of benefit for optimal activity of HDPs. Since HDPs kill
cancer cells rapidly in non-receptor mediated mode, targeting
molecules that have important roles in the progression of can-
cer, the emergence of resistance is less possible. In addition
to the direct cytotoxic effect, HDPs participate in the immune
response to cancer as a part of innate immunity and the con-
nection between innate and adaptive immune response (100).

Based on in vitro experiments, a variety of HDPs has been
tested in vivo in animal models. A rising number of in vivo
studies on mice showed that certain HDPs administered in-
tratumorally (101, 102), peritumorally (103), subcutaneously
(104), or applied in the form of sprays or ointment in case of
melanoma (105) had direct antitumor activity, inhibited

tumor growth and increased the survival time of experimental
animals. Intratumoral injections of NRC-03 and NRC-07, a
pleurocidin family HDPs, to breast cancer-bearing immune-
deficient NOD SCID mice resulted in significant inhibition
of tumor growth. Furthermore, histologic analysis of peptide-
treated tumors revealed larger necrotic zones than that of con-
trol animals. Importantly, intratumoral delivery of peptides
had no deleterious side-effects (106). Shan et al. have shown
that five days of administration of magainin II-bombesin con-
jugate directly in the tumor of mice bearing MCF-7 tumor
grafts resulted in reduced tumor masses alongside extensive
necrotic areas (107).

Since therapeutic use of HDPs requires maintaining of in
situ concentrations sufficient to kill cancer cells, new ap-
proaches to overcome this problem involve vector-mediated
delivery of genes encoding HDPs into cancer cells (108), or
targeting cancer cells with immunoconjugates containing
HDPs (109). Importantly, the membranolytic activity of
HDPs and the resulting increase in permeability of cancer cell
membrane can be used to enhance the cytotoxic activity of
conventional chemotherapeutics (110, 111).

TROUBLESHOOTING

The role of HDPs in host defense is complex and their
multiple functions can be utilized for designing future thera-
peutic agents. However, there are several crucial limitations
to their therapeutic use. One of the problems is the insuffi-
cient specificity of certain HDPs. While some HDPs selec-
tively kill microorganisms and cancer cells, others are more
or less cytotoxic for healthy eucaryotic cells and may have
severe hemolytic activity. Consequently, administration of
HDPs may result in systemic toxicity.

One of the prerequisites for the therapeutic use of HDPs
is sufficient stability that will allow peptides to complete
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their action. Fast inactivation by gastrointestinal enzymes
rule out oral administration. In the blood, HDPs are bind and
inactivated by serum albumins and low-density proteins, or
degraded by serum enzymes. The strategy for overcoming
this problem is employment of different delivery systems like
liposomes, nanoparticles, nanotubes, etc (112).

In addition, although HDPs exert their antimicrobial ac-
tion in non-receptor mediated mode (113), several mecha-
nisms leading to diminution of susceptibility to HDPs have
been described in some fungi (114) and bacteria (115). Those
mechanisms include reduction of negative net charge of outer
envelopes, up-regulation of proteolytic enzymes that degrade
or modify HDPs, or engagement of efflux pumps. The same
strategies are found to be exploited by cancer cells as well.

One more obstacle that has to be overcome is the high
cost of peptide production. Additionally, chemical synthesis
has to provide high yield and high purity of correctly folded
peptides. Nowadays recombinant technology, using bacteria,
yeast, plant, and mammalian cells as host cells, is employed
in most for cost-effective production of large-scale peptides.

Currently, a number of investigations are directed toward
designing peptide analogs with advanced performances. As
the features and the functions of HDPs are determined by
amino acid composition, modifications of peptide structure
have been utilized to enhance desired functions and to mod-
ulate other properties, such as selectivity and stability (116-
120). Excision, insertion, or substitution of amino acid resi-
dues in native peptides can effectively improve electrostatic
attraction and consequently selectivity for microorganisms or
cancer cells, along with stability and resistance to proteases.
Another possibility that is intensively investigated is the cre-
ation of truncated analogs attained by the excision of biolog-
ically active regions of natural HDPs. In recent years combi-
natorial libraries are employed for computer-aided modeling
and designing small peptides with better performances rela-
tive to naturally occurring HDPs (121, 122). A number of
new HDP analogs with enhanced properties have been gen-
erated and tested in ongoing laboratory studies (123-125) and
clinical trials. Omiganan, an indolicidin analog with antimi-
crobial and anti-inflammatory activities, is in phase III clini-
cal trials for the prevention of catheter infections (126) and
phase II trials for the treatment of papillomavirus-induced
genital lesions (127). Pexiganan (a synthetic variant of ma-
gainin) is currently tested in phase III clinical studies for the
treatment of infections of diabetic foot ulcers (128). PAC-
113, derived from histatin found in human saliva, is investi-
gated for the treatment of oral candidiasis in immunocompro-
mised patients (129). hLF1-11, derived from human lactofer-
rin, along with antimicrobial activity, has demonstrated im-
munomodulatory properties (130), and currently, its efficacy
in the protection and prevention of infection during alloge-
neic stem cell transplantation is assessing in clinical trials.
Oncolytic peptide LTX-315, derived from the segment of bo-
vine lactoferricin that has been identified as important for its
anticancer properties, in phase I/II studies showed strong and
selective anticancer activity (131, 132).

CONCLUSION

The emergence of antimicrobial drug resistance, lack of
adequate treatment for some infectious diseases, insufficient
efficiency of anticancer drugs, the increasing emergence of
the diseases that originate from disturbed immunity, are un-
solved problems of modern medicine. The abundance of
HDPs in living organisms and the multiplicity of their func-
tions in host defense offer the paramount possibilities. De-
spite the aforementioned problems, these peptides can be
used at least as the models for designing improved, more ef-
ficient molecules, with necessary therapeutic properties.
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ABSTRACT

Osteochondral lesions of the knee represent a challenging pathol-
ogy due to their limited intrinsic healing potential. These defects
are frequently encountered in young and active individuals and
may lead to persistent pain, functional impairment, and progres-
sion to early osteoarthritis if left untreated. Conventional surgical
strategies, such as microfracture, autologous chondrocyte im-
plantation (ACI) and osteochondral transfer procedures, have
shown variable outcomes and are often associated with increased
morbidity, prolonged rehabilitation or the need for staged inter-
ventions. The AutoCart procedure, a single-stage arthroscopic
minced cartilage technique, combines autologous cartilage frag-
ments with platelet-rich plasma and autologous thrombin. This
approach provides a biologically favorable environment for car-
tilage repair while reducing the complexity, cost and regulatory
demands associated with multi-stage procedures.

Keywords: AutoCart procedure, arthroscopy, cartilage repair, os-
teochondral lesion.
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INTRODUCTION

The true incidence of osteochondral lesions in humans re-
mains uncertain, as a substantial proportion of cases remain
asymptomatic.(1,2) Articular cartilage damage leading to
chondral lesions may result from metabolic, genetic, vascu-
lar, or traumatic factors. These defects may develop after a
single episode of excessive joint loading or as a consequence
of repetitive microtrauma over time. Depending on the extent
of cartilage involvement, lesions may range from small su-
perficial defects to osteochondral injuries affecting the full
thickness of the cartilage and the underlying subchondral
bone.(3)Although the exact prevalence of cartilage lesions is
difficult to determine, several studies have reported that ar-
ticular cartilage defects are identified in approximately 60-
66% of knees undergoing arthroscopic evaluation.(4) The
management of focal chondral injuries continues to represent
a significant challenge for orthopedic surgeons. The primary
goals of treatment are pain reduction, restoration of joint
function, and facilitation of a return to normal daily activities
and an active lifestyle.Therapeutic strategies include con-
servative management, palliative procedures, and reparative
or restorative surgical techniques aimed at promoting articu-
lar cartilage regeneration. Commonly utilized surgical proce-
dures include microfracture, autologous chondrocyte implan-
tation (ACI), osteochondral autologous transfer (OATS), and
minced cartilage implantation (MCI). The concept of minced
cartilage implantation was first introduced in 1983.(5)In re-
cent years, increasing attention has been directed toward sin-
gle-stage cartilage repair techniques that avoid the need for
in vitro cell expansion while preserving viable chondrocytes
capable of producing extracellular matrix and supporting car-
tilage regeneration.(6,7) Contemporary clinical studies have

-
.
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demonstrated encouraging short- and mid-term outcomes fol-
lowing arthroscopic autologous minced cartilage implanta-
tion for focal cartilage defects of the knee.(8)Furthermore,
biologically augmented approaches combining minced carti-
lage fragments with platelet-rich plasma or fibrin-based ma-
trices have been proposed to enhance graft stability and cre-
ate a more favorable biological environment for cartilage re-
pair.(9) These developments have contributed to the emer-
gence of standardized arthroscopic techniques that allow
simultaneous harvesting and implantation of autologous car-
tilage fragments within a single surgical procedure.The aim
of this case report is to present the clinical and radiological
outcome of a single-stage arthroscopic treatment of a focal
cartilage lesion of the lateral femoral condyle in a young male
patient using a biologically augmented minced cartilage tech-
nique.

CASE REPORT

A 23-year-old male patient presented to the orthopedic
clinic with complaints of pain localized to the left knee. Ac-
cording to his medical history, the pain had been present for
approximately one year, with progressive worsening over the
preceding several months. The patient denied any history of
trauma. On physical examination, the range of motion was
within normal limits, although pain occurred at maximum
flexion. Clinical tests, including McMurray, Lachman and
Ballottement were negative. Radiological evaluation with
plain radiographs and MRI revealed an osteochondral lesion
located at the lateral femoral condyle and loose body. Based
on these findings, surgical management was indicated and
the patient was scheduled for knee arthroscopy with an Au-
toCart procedure.

Figure 1. Preoperative MRI showing an osteochodral lesion of the lateral
femoral condyle and intraarticular loose body
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Under spinal anesthesia, arthroscopy of the left knee was
performed using two standard portals. An osteochondral le-
sion was identified on the lateral femoral condyle. In addi-
tion, a large intra-articular loose body was visualized and
subsequently removed.A 5-mm shaver blade was then used
to harvest autologous chondral fragments from the healthy
cartilage margins surrounding the lesion. A sterile tissue-col-
lection device connected to suction was used to allow simul-
taneous harvesting and collection of viable cartilage frag-
ments for subsequent implantation. Once harvesting was
completed, the tissue collector was opened and the filter
chamber containing the cartilage fragments was retrieved. A
total of 15 mL of venous blood was aspirated using a double-
syringe system for platelet-rich plasma (PRP) preparation
and centrifuged at 1500 rpm for 5 minutes. The resulting
plasma was transferred into a smaller syringe. Preparation of
autologous thrombin was subsequently performed using a
PRP-based activation system according to the manufacturer’s
protocol. The plasma was sequentially processed and allowed
to incubate in a horizontal position to facilitate thrombin gen-
eration, after which it was aspirated into a sterile syringe for
intraoperative use.Using a connector system, the harvested
chondral fragments were mixed with PRP in a 3:1 ratio.
Through several forward-and-back transfers between sy-
ringes, a homogeneous paste-like composite was created and
loaded into a 1-mL syringe equipped with an application can-
nula.After evacuation of intra-articular fluid, the osteochon-
dral defect was carefully dried and the arthroscopic trocar
was withdrawn to create a dry working environment. The
prepared chondral-PRP composite was then applied directly
onto the lesion site. Autologous thrombin was subsequently
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applied to promote graft stabilization and biological fixation
within the defect. Care was taken to ensure uniform distribu-
tion and stable adherence of the graft material to the sur-
rounding cartilage margins.

39

Figure 3. Arthroscopic view of an osteochondral lesion of the lateral femoral condyle
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Figure 4. Arthroscopic images showing the osteochondral
lesion after filling with the minced cartilage-PRP composite
during the AutoCart procedure with uniform graft distribu-
tion

In the immediate postoperative period, early mobilization
and structured physical rehabilitation were initiated. Throm-
boprophylaxis was administered with rivaroxaban 10 mg
once daily for two weeks. The patient was instructed to am-
bulate with two axillary crutches while maintaining a non-
weight-bearing regimen during the initial rehabilitation
phase.At 24-month follow-up, clinical examination demon-
strated full range of motion without joint effusion, instability
or mechanical symptoms. Follow-up evaluations were per-
formed at 6, 12, and 24 months postoperatively. Preopera-
tively, the Visual Analog Scale (VAS) pain score was 6, the
International Knee Documentation Committee (IKDC) sub-
jective score was 45, and the Tegner activity level was 3. At
12-month follow-up, substantial clinical improvement was
observed, with VAS decreasing to 0, IKDC increasing to 82,
and Tegner activity level improving to 5. At 24-month fol-
low-up, the outcome remained stable, with VAS remaining
0, IKDC further improving to 90 and Tegner activity level
maintained at 5, indicating sustained functional recovery and
complete resolution of pain.

Figure 5. MRI of the left Knee:12 and 24 months postoperatively

DISCUSSION

The present case demonstrated favorable clinical and ra-
diological improvement following a fully arthroscopic autol-
ogous minced cartilage implantation using the AutoCart
technique for the treatment of a focal osteochondral lesion of
the knee. The encouraging outcome observed in this patient
supports the growing interest in single-stage biological carti-
lage repair strategies that aim to restore joint surface integrity

while preserving the biological potential of autologous chon-
drocytes. Articular cartilage lesions may arise from traumatic
injury, degenerative processes, dysplasia, or osteochondritis
dissecans. In physically active individuals, repetitive me-
chanical loading may compromise subchondral bone circula-
tion, which may predispose the joint to progressive cartilage
degeneration. If left untreated, focal cartilage defects may
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eventually lead to the development of degenerative osteoar-
thritis. Therefore, surgical intervention is frequently required
to restore the articular surface and stimulate regeneration of
cartilage tissue resembling native hyaline cartilage.(9) Over
the past two decades, several cartilage repair strategies have
been developed, including microfracture, osteochondral au-
tograft transplantation, autologous chondrocyte implantation
(ACI), and more recently, minced cartilage implantation
techniques. One of the early clinical experiences with autol-
ogous cartilage repair was reported by Stone et al., who
demonstrated significant clinical improvement in patients
with Outerbridge grade IV cartilage lesions treated using au-
tologous cartilage repair techniques.(10)Subsequent studies
have explored biologically augmented approaches combin-
ing cartilage fragments with autologous bone or biological
scaffolds. Christensen et al. described the use of autologous
dual-tissue transplantation (ADTT), which combines autolo-
gous cartilage and bone fragments for the treatment of oste-
ochondral lesions. Their results demonstrated significant im-
provement in clinical outcomes and restoration of subchon-
dral bone structure at one-year follow-up.(11) More recently,
single-stage minced cartilage implantation has gained in-
creasing attention as a biologically attractive alternative to
traditional cartilage repair techniques. Massen et al. reported
significant improvements in clinical scores and patient-re-
ported outcome measures in patients treated with autologous
minced cartilage implantation at two-year follow-up. Im-
portantly, minced cartilage fragments preserve viable chon-
drocytes capable of producing extracellular matrix and con-
tributing to hyaline-like cartilage repair tissue.(12) Similarly,
Runer et al. demonstrated favorable mid-term outcomes in
patients treated with minced cartilage implantation, with high
graft durability observed at 60 months of follow-up and a
very low revision rate.(13) Focal chondral lesions of the knee
represent a significant clinical challenge due to the limited
intrinsic healing capacity of articular cartilage and the poten-
tial progression toward early osteoarthritis if left untreated
(14). Blanke et al. further reported significant improvements
in functional knee scores and satisfactory defect filling on
MRI in patients treated with all-autologous minced cartilage
procedures (15). Comparable improvements in patient-re-
ported outcomes were also observed in the study by Schnei-
der et al., confirming the clinical effectiveness of this biolog-
ical cartilage repair technique (7). Regenerative cartilage re-
pair strategies have evolved considerably in recent years,
with various biological procedures demonstrating encourag-
ing clinical and functional outcomes (16-19). These ap-
proaches aim to restore the articular surface and improve
joint function, particularly in young and active patients with
symptomatic cartilage defects. Pohl et al. reported encourag-
ing clinical and radiological outcomes two years after autol-
ogous shaver-based minced cartilage implantation for carti-
lage lesions of the knee. Their findings demonstrated signif-
icant improvement in clinical scores and MRI parameters,
highlighting the regenerative potential of minced cartilage
techniques and their effectiveness as a single-stage cartilage
repair strategy.(20) In addition, Basal et al. evaluated autolo-
gous minced cartilage implantation combined with an arthro-
scopic platelet-rich fibrin membrane for the treatment of
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large chondral defects of the knee. Their prospective compar-
ative study demonstrated significant clinical improvement
and satisfactory defect filling on follow-up imaging, suggest-
ing that biological augmentation may further enhance carti-
lage regeneration and improve treatment outcomes.(21)
Compared with conventional autologous chondrocyte im-
plantation (ACI), the AutoCart technique offers several po-
tential advantages. It represents a single-stage procedure that
avoids the need for in vitro cell expansion and a second sur-
gical intervention. This reduces treatment costs, regulatory
complexity, and overall rehabilitation time. Furthermore, the
procedure can be performed arthroscopically, allowing for a
minimally invasive approach while preserving the biological
properties of autologous cartilage fragments. Despite these
encouraging findings, several limitations must be acknowl-
edged. First, the present report describes a single clinical
case, which limits the generalizability of the results. Second,
although clinical improvement and favorable radiological
findings were observed, standardized patient-reported out-
come scores such as IKDC, KOOS, or Lysholm were not pro-
spectively recorded. Third, longer follow-up is necessary to
determine the durability of the repair tissue and to evaluate
the long-term clinical outcomes of the AutoCart technique.
Nevertheless, the present case contributes to the growing
body of evidence supporting single-stage biological cartilage
repair strategies. The favorable clinical course and radiolog-
ical improvement observed in this patient suggest that arthro-
scopic autologous minced cartilage implantation using the
AutoCart technique may represent a promising treatment op-
tion for focal osteochondral lesions of the knee. However,
larger prospective studies with standardized outcome
measures and longer follow-up are required to confirm the
clinical effectiveness and long-term durability of this tech-
nique.

CONCLUSION

This case demonstrates the feasibility of the AutoCart
procedure as a fully arthroscopic, minimally invasive single-
stage technique for the treatment of focal osteochondral le-
sions of the knee. By utilizing autologous cartilage fragments
combined with biological augmentation, the technique may
create a favorable biological environment that supports carti-
lage repair and restoration of the articular surface.

In the present patient, encouraging clinical and radiolog-
ical improvement was observed during short-term follow-up.
However, as this report describes a single clinical case, the
findings should be interpreted with caution. Further prospec-
tive studies involving larger patient cohorts, standardized
clinical outcome measures, and longer follow-up periods are
necessary to better define the role and long-term effective-
ness of the AutoCart technique in the treatment of osteochon-
dral defects of the knee.
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ABSTRACT

Pulp canal obliteration (PCO), a common consequence of dental
trauma, complicates endodontic treatment due to canal calcifica-

tion and altered internal anatomy. This case report describes the
diagnosis and management of a maxillary right central incisor af-
fected by PCO in a 17-year-old female patient with a history of
dental trauma five years prior. Clinical and radiographic exami-
nation revealed crown discoloration, a non-vital pulp, and ab-
sence of a visible root canal on periapical radiograph. Cone-
beam computed tomography (CBCT) was employed to provide a
three-dimensional evaluation, revealing canal obliteration with a
patent segment in the apical third. Endodontic treatment was per-
formed over two sessions under rubber dam isolation using mag-
nification and ultrasonic-assisted irrigation. The canal was nego-
tiated with small hand K-files (#6—15), the working length deter-
mined at 22 mm using an apex locator, and instrumentation com-

pleted with the RC Blue system (size 25/08) in reciprocal motion.

The patient was asymptomatic postoperatively, and instructions
were provided with a subsequent appointment scheduled for de-

finitive restoration. This case underscores the importance of
CBCT and modern endodontic techniques in managing complex
calcified canals safely and effectively.

Keywords: Pulp canal obliteration, dental trauma, CBCT, root
canal treatment.
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INTRODUCTION

Pulp canal obliteration (PCO) represents progressive dep-
osition of hard tissue within the pulp chamber and root canal
(1). PCO is referred to as calcific metamorphosis or pulp cal-
cification (2). The formation of calcified tissue within the
pulp space reflects a complex biological reaction of odonto-
blasts and subodontoblastic cells (3). As a consequence of
calcification, the canal lumen becomes partially or com-
pletely obliterated by mineralized material resembling ter-
tiary dentin (4). PCO may occur as part of physiological ag-
ing or as a response to external irritation, such as caries, re-
storative procedures, orthodontic forces, or dental trauma (5).
Among these, trauma is one of the most recognized predis-
posing factors, since the disruption of pulpal blood supply
following luxation or concussion injuries often triggers ac-
celerated dentin deposition during the reparative phase. The
degree of obliteration depends on the severity of the initial
trauma and the pulp’s reparative capacity, and may progress
gradually over months or years (6).

When endodontic therapy becomes necessary, the ab-
sence of a visible canal greatly complicates the procedure.
Locating the canal orifice and establishing a glide path are
particularly challenging, often requiring the application of
modern endodontic therapeutic approaches (7). Excessive re-
moval of coronal dentin during the search for the canal can
compromise tooth integrity and increase the risk of perfora-
tion or instrument fracture (5). Even when the canal is suc-
cessfully negotiated, adequate cleaning and shaping may be
compromised due to irregular canal geometry and reduced
accessibility (8). In trauma-related cases, these challenges are
even more pronounced. Traumatized teeth often exhibit not
only calcific changes but also crown discoloration, altered
dentin morphology, and apical resorption, further complicat-
ing diagnosis and treatment (2, 9). Because obliteration de-
velops gradually, it is often diagnosed incidentally at an ad-
vanced stage, when the canal is already completely calcified
and clinical symptoms such as pulpitis or a periapical lesion
have appeared (10).

Diagnosis requires a combination of clinical evaluation
and high-resolution imaging, as sensibility tests often yield
false-negative results, and conventional radiographs may fail
to depict the early stages of calcification (6). Two-dimen-
sional radiography has limited diagnostic accuracy in detect-
ing obliteration, especially in anterior teeth, where overlap-
ping structures obscure subtle changes within the root canal
system (4). Advanced imaging modalities, such as cone-
beam computed tomography (CBCT) provide three-dimen-
sional visualization that enables detection of residual canal
space, assessment of the extent and orientation of calcifica-
tion, and identification of periapical pathology (11). Further-
more, the combination of CBCT and 3D printing has
emerged as a state-of-the-art option for canal localization in
severely calcified teeth, although its use is currently re-
stricted to specialized clinical and research settings (12).
Nevertheless, in everyday practice, diagnosis of pulp canal
obliteration still relies primarily on conventional radiography

and clinical assessment, with CBCT reserved for complex or
unclear cases (13).

The aim of this case report is to evaluate the role of CBCT
in the diagnosis and treatment planning of teeth with root ca-
nal obliteration, particularly those resulting from trauma, and
to emphasize the diagnostic and therapeutic challenges this
condition poses in clinical endodontic practice.

CASE REPORT

A 17-year-old female patient, with no reported systemic
medical conditions, presented to the Department of Dentis-
try, Faculty of Medical Sciences, complaining of sensitivity
in the region of the maxillary right central incisor. Her dental
history revealed a traumatic injury to the same tooth five
years prior, for which no treatment had been undertaken. The
patient reported occasional dull pain and sensitivity to ther-
mal stimuli. Clinical examination revealed discoloration of
the crown of the affected tooth. Pulp vitality testing yielded
a negative response, while percussion and palpation tests
were unremarkable. Conventional radiography did not reveal
any periapical pathology, and the root canal could not be vis-
ualized. Based on the patient’s medical history, clinical ex-
amination, and additional diagnostic findings, a diagnosis of
pulp necrosis was established for the maxillary right central
incisor, indicating the need for endodontic treatment. The pa-
tient gave written informed consent before the treatment.

Endodontic treatment was performed in two sessions. At
the initial appointment, rubber dam (Cerkamed, Stalowa
Wola, Poland) isolation was achieved, and an access cavity
was prepared using a small round diamond bur under high-
speed handpiece. Upon inspection, canal obliteration was
noted and the canal orifice could not be located. Therefore,
the procedure was postponed to a subsequent visit. For fur-
ther evaluation, CBCT scan was obtained. The scanning was
obtained following the ALARA (as low as reasonably
achievable) principle using Orthophos XG 3D device (Sirona
Dental Systems GmbH, Bensheim, Germany). The device
was set for three-dimensional recording using VOLL HD (85
kV/6 mA, exposure time — 14.3 s) or VOLL HD2 settings (85
kV/10 mA, exposure time — 5.0 s) with a voxel size of 100
um. CBCT imaging revealed extensive root canal oblitera-
tion, with the canal only discernible in the apical third (Fig-
ure I). Additionally, a periapical radiolucency was observed
after CBCT analysis. Based on these findings, the initial di-
agnosis of pulp necrosis was revised to chronic apical perio-
dontitis affecting the maxillary right central incisor.

At the second appointment, an absolutely dry operative
field was established, and magnification loupes (Illuco
loupes 5,5x, Gunpo City, South Korea), were used to aid ca-
nal localization. With copious irrigation using 17% EDTA
(MD-Cleanser EDTA Solution, Meta Biomed, Chugbuk,
South Korea), 2% sodium hypochlorite (Chloraxid 2%, Cer-
kamed, Stalowa Wola, Poland), and saline, combined with
ultrasonic activation, the canal orifice was successfully lo-
cated. Initial canal negotiation was performed with a #6 K-
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file, followed by progressive instrumentation using #8, #10,
and #15 hand K-files (Dentac, Istanbul, Turkey). Working
length was determined using an electronic apex locator
(Woodpex I1I, Woodpecker, China), measuring 22 mm. Me-
chanical preparation was completed using the RC Blue rotary
system (Dentsply Sirona, Charlotte, North Carolina, USA) in
reciprocal motion. Chemomechanical preparation was
achieved with a single 25/08 instrument using the crown-
down technique and abundant ultrasonic-activated irrigation.
Continuous irrigation with 2% sodium hypochlorite was
maintained throughout instrumentation to prevent debris ac-
cumulation. Final irrigation was performed in the following
sequence: 5.25% sodium hypochlorite, distilled water, 17%
EDTA followed by distilled water, and a final rinse with

Figure 1. A three-dimensional CBCT reconstruction illus-
trating the orientation of the imaging planes used for sec-
tional analysis. The line labeled A represents the coronal
plane, while B denotes the sagittal plane selected for de-

tailed evaluation. The dotted markers C1, C2, and C3 indi-

cate the axial slice levels corresponding to the coronal, mid-
dle, and apical thirds of the root canal, respectively.

The corresponding coronal (A) and sagittal (B) slices are
shown in the lower left portion of the figure. The red arrow-
heads in these views indicate the location where the previ-
ously obstructed root canal becomes patent, marking the
point of regained canal lumen continuity. The axial slices
(C1-C3) displayed on the right depict cross-sectional mor-
phology in the coronal, middle, and apical thirds of the canal,
with the arrowhead in C3 highlighting the same transition
point identified in the other planes.

5.25% sodium hypochlorite and distilled water. This protocol
ensured effective removal of the smear layer and chemical
disinfection of the canal system.

After completion of chemomechanical preparation, canal
was dried with sterile paper points (Spident Co., Ltd., In-
cheon, South Korea) and obturated with cold lateral compac-
tion technique and using Vio Seal (Spident Co., Ltd., In-
cheon, South Korea) sealer. The quality of the root canal fill-
ing was evaluated radiographically (Figure 2). The tooth was
then temporarily restored, and postoperative instructions
were provided. A subsequent visit was scheduled for place-
ment of the definitive restoration.

Figure 2 - Retroalveolar radiograph after definitive root
canal obturation

DISCUSSION

PCO represents a pathological process characterized by
the gradual deposition of mineralized tissue within the pulp
chamber and root canal system, frequently resulting in the
radiographic loss of canal visibility (6). It may present as ei-
ther total or partial obliteration. In cases of total calcification,
the entire pulp canal system is radiographically indistinguish-
able, whereas partial obliteration is characterized by a re-
duced or partially calcified pulp chamber, with root canals
still discernible but significantly narrowed (13).
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The prevalence PCO has been widely documented in the
endodontic literature, although results vary among studies.
The incidental prevalence of PCO based on radiographic rec-
ords has been estimated at 4.7% (14). However, the incidence
increases substantially following dental trauma, ranging from
4% to 24% (6), which is consistent with our case where PCO
developed after a traumatic injury to the maxillary right cen-
tral incisor in a young patient. In teeth with immature root
formation and who have experienced trauma, prevalence can
be 56.9% (14). The prevalence of calcification is also found
to be higher in anterior teeth, especially in central and lateral
incisors (15). Obliteration occurs more frequently in individ-
uals over 40 years of age, identifying age as a significant fac-
tor influencing the occurrence of PCO. In contrast, our case
involved a 17-year-old patient, highlighting that PCO can
also occur in younger individuals following trauma.
Alamoudi et al., in their case-control study, reported that the
prevalence of pulp calcifications was higher in females
(62%) compared to males (38%) (3). Although the exact eti-
ology of pulpal calcification remains unclear (13), dental
trauma is most commonly associated. Age has also been
identified as a contributing factor (14). In addition, pulp canal
obliteration may occur as a physiological response to chronic
irritation, such as caries, deep restorations, trauma from oc-
clusion, physiologic change, and orthodontic movement (7).
Research have shown that the use of calcium hydroxide and
hydrogen peroxide, can also promote calcification. Dentine
dysplasia and long-term use of glucocorticoids have been
correlated with calcification of the dental pulp (16).

While epidemiological studies have highlighted the prev-
alence and contributing factors of pulp canal obliteration, a
thorough understanding of its clinical presentation and asso-
ciated diagnostic challenges is crucial for effective patient
management. Recognizing the subtle signs and limitations of
conventional diagnostic methods allows clinicians to identify
PCO early and implement appropriate treatment strategies.
Diagnosing PCO is often challenging due to its complex clin-
ical presentation and the limitations of conventional testing
methods, making it essential to use an advanced diagnostic
technique to accurately assess pulp status and canal morphol-
ogy. PCO is most often discovered incidentally during rou-
tine radiographic examinations, as it typically progresses
without evident clinical symptoms. Nevertheless, as the pro-
cess advances, crown discoloration and pulp necrosis with
periapical lesions and associated symptoms, may develop
which represent the primary reasons patients seek dental
treatment (10). This was evident in our case, where the pa-
tient presented with crown discoloration and sensitivity five
years after trauma. Conventional pulp sensibility tests such
as electric pulp testing and thermal tests (cold or heat) often
yield unreliable or false-negative results. This occurs because
these methods rely on neural stimulation, which may be re-
duced or absent in calcified canals, even when the pulp re-
mains vital. Non-invasive diagnostic techniques such as
pulse oximetry and laser Doppler flowmetry evaluate pulpal
blood flow and have demonstrated higher accuracy in as-
sessing pulp vitality. Consequently, clinicians should inter-
pret negative sensibility test results in teeth with pulp canal

obliteration cautiously and incorporate adjunctive vitality as-
sessment methods when necessary (17).

According to the American Association of Endodontists,
PCO is considered to be an endodontic case with a high de-
gree of difficulty. Endodontic treatment is indicated only in
the presence of acute symptoms and apical periodontitis, or
when PCO complicates the treatment and adversely affects
prognosis (18). In such cases, careful preoperative planning
is essential. The most frequently reported difficulties include
the extensive removal of tooth structure required during con-
ventional access cavity preparation and the difficulty in lo-
cating the canal orifice (10). The access cavity preparation
stage is a critical determinant of success in managing PCO,
as it directly influences the clinician’s ability to identify and
negotiate the obliterated canal while minimizing procedural
complications (10). The deposition of tertiary dentin in the
pulp chamber results in an irregular and constricted canal
anatomy, complicating access to the residual pulp tissue, par-
ticularly in the apical third of the root. These difficulties in-
crease the risk of iatrogenic complications, such as perfora-
tions, ledge formation, loss of peri-cervical dentin and instru-
ment fracture (4,19). Careful use of hand files, chelating
agents such as 17% EDTA), and sodium hypochlorite irriga-
tion has been shown to facilitate negotiation even in heavily
calcified canals. In contrast, traditional methods, including
the use of rigid stainless-steel hand instruments (K-files, C+
files), often prove inadequate in managing the complex and
constricted anatomy of calcified canals. (4) Additionally,
step-back preparation minimizes the risk of procedural er-
rors, while rotary nickel-titanium (NiTi) systems have
proven valuable for efficient mechanical shaping of the canal
space (4). These challenges can be further mitigated by mod-
ern clinical aids such as CBCT, dental operating microscopy,
and the use of ultrasonic tips to enhance precision and safety
during treatment (10). In our case, canal negotiation was
achieved using magnification loupes without the use of a
dental operating microscope, which would have been the op-
timal method.

Preoperative radiographic evaluation is essential in cases
of PCO to assess crown orientation, root curvature, and the
degree of canal calcification. Conventional two-dimensional
(2D) radiographs, while widely used, have inherent limita-
tions due to superimposition of anatomical structures, geo-
metric distortion, and restricted visualization of the three-di-
mensional anatomy of root canals (1). Canals that appear pa-
tent or calcified on 2D images may not accurately reflect clin-
ical negotiability, and complete radiographic obliteration
does not always indicate the absence of a canal space (13).
By contrast, CBCT provides a three-dimensional evaluation
of root canal anatomy, allowing precise assessment of canal
morphology, orientation, extent of calcification, and residual
canal space (6). As in our case, CBCT was used to confirm
canal location and assess apical third negotiability, justifying
its use given the complex obliteration. CBCT facilitates opti-
mal access planning by estimating calcified tissue thickness
and predicting the depth and path of the canal (13). However,
CBCT is not intended to replace conventional radiography
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but to complement it by providing additional diagnostic in-
formation (20). Its use requires specialized training and a
thorough understanding of dental anatomy, as high-density
structures can generate artifacts that may affect interpreta-
tion. CBCT also involves higher costs, limited availability,
and exposure to ionizing radiation, so each scan must be jus-
tified by its potential diagnostic benefit. Image quality can be
influenced by factors such as field of view, voxel size, num-
ber of projections, tube voltage, and the presence of materials
within the canal (21). Clinical studies have demonstrated that
the combination of CBCT, dental operating microscopy, and
ultrasonic instrumentation improves canal negotiation, re-
duces procedural errors, and increases success rates in the
treatment of PCO (1).

The present findings further highlight the clinical rele-
vance of CBCT in the management of pulp canal obliteration,
particularly in cases where conventional imaging assessment
is limited. In accordance with the recommendations of the
European Society of Endodontology, CBCT should be selec-
tively utilized in complex endodontic situations, enhancing
diagnostic precision and improving clinical outcomes (22).
The present case supports existing evidence that CBCT can
significantly reduce iatrogenic complications, improve canal
localization, and increase the overall predictability of endo-
dontic treatment in challenging PCO cases (23).

CONCLUSION

This case demonstrates that CBCT plays a crucial role in
the diagnosis and management of teeth affected by pulp canal
obliteration following trauma. Its ability to visualize root ca-
nal anatomy in three dimensions provides valuable infor-
mation for determining the extent of calcification and plan-
ning a safe and conservative access pathway. The combina-
tion of CBCT imaging, the use of magnification, ultrasonic
activation, and careful instrumentation enables successful ne-
gotiation and treatment of calcified canals while minimizing
procedural complications. Early and accurate diagnosis sup-
ported by advanced imaging techniques can significantly im-
prove the prognosis and long-term outcomes of endodontic
treatment in such complex cases. This case highlights the im-
portance of integrating advanced imaging and meticulous en-
dodontic techniques in managing complex calcified teeth.
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