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Healthy Nutrition and Fermented Animal-Sourced Foods 
as a Complementary One Health Strategy: Effects on 
Foodborne Pathogens and Intestinal Host Defense

 Serhat Al1

1Department of Veterinary Public Health, Erciyes University, Veterinary Faculty, Kayseri, Türkiye

Foodborne diseases remain a major global public health challenge at the interface of 
human, animal, and environmental health, emphasizing the need for integrated preventive 
strategies within the One Health framework. Although animal-sourced foods (ASFs) are 
essential components of human nutrition, they also serve as important reservoirs and 
transmission vehicles for foodborne pathogens. Conventional food safety interventions 
primarily target microbial contamination within food systems but often fail to adequately 
address host susceptibility, intestinal resilience, and microbiota-mediated defense 
mechanisms. This review highlights fermented ASFs, nutraceuticals, and nonviable microbial 
products as complementary One Health interventions that can simultaneously influence 
pathogen ecology and host defense. Fermentation-derived compounds, including organic 
acids, bacteriocins, bioactive peptides, and microbial metabolites, exert antimicrobial effects 
against foodborne pathogens while modulating epithelial barrier integrity, inflammatory 
signaling pathways, gut microbiota composition, and colonization resistance. Particular 
emphasis is placed on the mechanistic roles of these functional components in regulating 
intestinal immunity, including Toll-like receptor-associated signaling, NF-κB-mediated 
responses, and epithelial protection. The review also discusses multidisciplinary surveillance 
approaches, the translational relevance of dietary strategies for reducing reliance on 
antimicrobials, and current challenges related to standardization, safety, and clinical 
validation. Collectively, fermented ASFs and functional nutritional approaches should not 
be considered passive dietary components but biologically active tools with the potential 
to enhance food safety, strengthen gastrointestinal host defense, and support sustainable 
disease prevention across the interconnected One Health framework.
Keywords: Animal-sourced foods, fermentation, functional compounds, host defense, one 
health.

ABSTRACT

INTRODUCTION
Foodborne diseases remain a persistent global challenge at the intersection of human, animal, and 
environmental health, closely aligning with the core principles of the One Health approach. Animal-
sourced foods (ASFs) are essential components of human nutrition.1 However, ASFs can serve as both 
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major reservoirs and transmission vehicles for key foodborne 
pathogens, such as Salmonella enterica, Listeria monocytogenes, 
and enterohemorrhagic Escherichia coli.2 These products 
are inherently nutrient-rich environments that can support 
microbial survival and growth if not properly handled. Although 
conventional control strategies, such as hygiene interventions, 
antimicrobial use, and advanced processing technologies, 
have improved safety outcomes, pathogens continue to occur 
in animal production systems and postharvest food chains. 
The increasing prevalence of antimicrobial resistance and the 
complexity of farm-to-fork transmission dynamics emphasize 
the need for innovative strategies that simultaneously target 
both the food matrix and the host.

Although ASFs pose risks due to the presence of zoonotic 
microorganisms, they also contain many functional 
components that provide benefits beyond their nutritional 
value. Animal-sourced fermented foods represent a 
compelling intersection of nutrition, microbiology, and food 
safety. Traditional products, such as fermented dairy foods 
(e.g., yogurt, kefir, and cheese) and fermented meats (e.g., dry-
cured and ripened products), are biological systems shaped 
by complex microbial communities. These matrices generate a 
wide spectrum of bioactive metabolites during fermentation, 
transforming raw animal substrates into functional foods 
with enhanced safety and health-promoting properties.3 The 
starter microorganisms responsible for food fermentation 
also exhibit probiotic activities that can suppress pathogenic 
bacteria in food while simultaneously benefiting the host 
within the gastrointestinal system.4

Beyond their role in food preservation, fermented ASFs actively 
contribute to intestinal host defense. In addition to competing 
for resources within food matrices, metabolites produced 
during fermentation, including organic acids, bacteriocins, 
short-chain fatty acids, and bioactive peptides, can directly 
inhibit pathogens by acidifying the environment and 
destabilizing bacterial membranes.5 Upon consumption, these 
compounds interact with the intestinal epithelium, influencing 
barrier integrity and modulating immune signaling pathways, 
including pathogen recognition receptors and cytokine and 
chemokine release.6 This dual functionality, acting in both food 
matrices and the host response, positions fermented ASFs as 
uniquely effective tools for mitigating foodborne infections.

In this review, healthy nutrition and fermented ASFs are 
presented as complementary One Health strategies that 
bridge food safety and host health. The review focuses on 
their capacity to control foodborne pathogens at the source 
while enhancing intestinal defense mechanisms through 
modulation of the microbiota and immune regulation. 
By integrating insights from food microbiology, animal 

production systems, and host–pathogen interaction studies, 
this review aims to redefine healthy nutrition and animal-
sourced fermented foods not as passive dietary components 
but as active, biologically driven interventions with the 
potential to reduce disease burden across interconnected 
human, animal, and environmental systems.

BURDEN OF FOODBORNE PATHOGENS
Foodborne diseases remain a major global cause of outbreaks 
and contribute to substantial morbidity, mortality, and 
economic loss. Bacterial pathogens remain among the primary 
etiological agents of severe foodborne diseases, including 
Salmonella enterica, Listeria monocytogenes, and Escherichia 
coli O157:H7. Viral and parasitic agents, such as norovirus and 
Toxoplasma gondii, also require close monitoring to maintain 
food safety. These organisms are responsible for a wide spectrum 
of disease outcomes, ranging from self-limiting gastroenteritis 
to systemic infections, invasive disease, and life-threatening 
complications, particularly in vulnerable populations, including 
infants, older adults, and immunocompromised individuals. 
Despite advances in surveillance and food safety management 
systems, the incidence of foodborne illness remains high, 
reflecting the complexity of pathogen transmission across the 
entire food chain.7

Economic Consequences of Foodborne Illness
According to the World Health Organization (WHO), foodborne 
diseases remain a major global health concern, causing 
approximately 600 million cases and 420,000 deaths annually, 
with nearly 30% of these deaths occurring in children younger 
than 5 years. The burden extends beyond mortality, accounting 
for an estimated 33 million disability-adjusted life years 
(DALYs) lost each year.8 This substantial burden also translates 
into significant economic losses due to healthcare costs, 
reduced productivity, and disruptions across the food supply 
chain. Moreover, the disproportionate impact on vulnerable 
populations and low-resource settings highlights the urgent 
need for integrated preventive strategies aligned with the 
One Health framework. The United States Department of 
Agriculture (USDA) Economic Research Service (ERS) provides 
comprehensive data on the economic burden of foodborne 
illnesses in the United States, estimating the total cost at $74.7 
billion in 2023. These estimates incorporate medical treatment 
costs, lost wages, and short- and long-term health outcomes. 
Although serious illnesses caused by specified pathogens 
account for only 20% of total cases, they account for 60% of the 
total financial impact, with nontyphoidal Salmonella having 
the highest total cost in the United States at $17 billion.9

Social Consequences of Foodborne Illness
The social burden of foodborne illness, in addition to its 
economic burden, must be re-evaluated in terms of human 
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welfare. The social costs of foodborne pathogens in vulnerable 
populations are substantial; beyond mortality, they directly 
affect education, social life, and acute clinical conditions, as well 
as complications such as Guillain-Barré syndrome (GBS) and 
hemolytic uremic syndrome (HUS), which can have long-term 
effects on quality of life. In addition to these direct effects, the 
psychological impact of foodborne pathogens on perceptions 
of healthy nutrition is undeniable. Food safety incidents 
affect public trust in food systems and regulatory authorities, 
altering consumer behavior and dietary patterns.10 Growing 
concerns about food safety and quality are also shaping food 
preferences. Evidence suggests that foodborne outbreaks 
can reduce the consumption of certain foods, although these 
effects vary by context and food type.11 From this perspective, 
foodborne illnesses require not only symptomatic treatment 
but also the development of pathogen surveillance systems, 
integrated complementary approaches to healthy nutrition in 
the management of gastrointestinal diseases, and the use of 
preventive strategies during healthy phases of life.

ONE HEALTH INTEGRATION AND 
MULTIDISCIPLINARY SURVEILLANCE
Strategies aligned with the One Health paradigm emphasize 
the interrelationships among food, animal, and human health 
in addressing the persistent burden of foodborne diseases. 
The lack of One Health coordination impedes the effective 
integration of environmental, animal, and human health data, 
resulting in fragmented surveillance and slower responses 
to zoonotic threats. Disciplines often operate in isolation, 
with poor interdisciplinary communication, inconsistent 
data-sharing protocols, and a lack of standardized formats, 
leading to duplicated efforts and incomplete outbreak 
insights. Additional barriers include limited funding, weak 
governance, and insufficient multidisciplinary training. 
Real-time surveillance and response within a One Health 
framework require multidisciplinary expertise spanning 
epidemiology, veterinary medicine, genomics, bioinformatics, 
and laboratory practice. The value of this approach lies not 
only in integrating data across disciplines but also in enabling 
joint analyses that strengthen early detection and coordinated 
responses. By supporting operational data integration, real-
time pathogen surveillance, and the clinical management of 
foodborne diseases, this framework facilitates collaborative 
disease prevention and control across human, animal, and 
environmental health systems.12

Interdisciplinary Collaboration

Effective control of foodborne outbreaks and disease 
management, as well as the successful implementation 
of One Health strategies, requires close and sustained 
collaboration across disciplines. The interface between 

animal and human health is particularly evident in the 
epidemiology of zoonotic pathogens that originate in animal 
reservoirs and are transmitted to humans through the food 
chain. Veterinary specialists play a critical role in monitoring 
animal health, implementing biosecurity measures, and 
controlling pathogen prevalence at the pre- and postharvest 
levels,13 while medical professionals are responsible for the 
clinical diagnosis, treatment, and management of infections 
and outbreaks.14 Food safety also requires the coordinated 
involvement of food microbiologists, food safety specialists, 
public health authorities, and regulatory agencies. Without 
coordinated efforts among these disciplines, interventions 
remain fragmented and less effective.

Benefits of Interdisciplinary Collaboration

Collaboration enables the integration of surveillance systems, 
allowing early detection and rapid response to emerging 
foodborne threats. Data sharing between veterinary and 
medical professionals facilitates source attribution, outbreak 
tracing, and risk assessment, thereby improving the precision 
of intervention strategies. Moreover, joint research efforts can 
advance the understanding of host–pathogen interactions 
across species, particularly regarding immune responses, 
microbiota dynamics, and antimicrobial resistance.

Interdisciplinary collaboration in food safety supports 
the design of prevention strategies that extend from the 
farm to the clinic. Veterinary expertise in pathogen control 
supports approaches to reduce zoonotic occurrence before 
food products reach consumers. Simultaneously, medical 
insights into human immunity and disease susceptibility can 
inform dietary recommendations and functional nutrition 
strategies to enhance host defense. This knowledge exchange 
is essential for aligning food safety interventions with public 
health outcomes. Ultimately, integrating veterinary and 
medical sciences strengthens the One Health approach by 
bridging gaps among animal production, food safety, and 
human health.15 Coordinated efforts not only improve the 
effectiveness of pathogen control strategies but also help 
reduce antimicrobial resistance, enhance surveillance capacity, 
and promote sustainable health systems. This collaborative 
framework is indispensable for addressing the complex, 
interconnected challenges that foodborne diseases pose to 
the public. Although traceable pathogen control from farm 
to fork is well developed with modern management systems, 
food safety remains a critical public health challenge in both 
developed and developing countries. Therefore, strengthening 
nonspecific host defense barriers in the gastrointestinal system 
through healthy nutrition requires collaboration among 
related scientific fields, such as human medicine, nutrition, and 
dietetics, all of which are relevant to alimentary health.



218

Al S. Fermented ASFs in One Health J Clin Pract Res 2026;48(3):215–225

ROLE OF DIETARY COMPOUNDS IN 
MODULATING GASTROINTESTINAL DISEASE
Diet is a primary ecological determinant of host–microbe 
interactions and exerts system-wide effects that directly 
influence disease susceptibility across human, animal, and 
environmental niches. Beyond its fundamental role in energy 
provision, diet regulates the composition and metabolic 
activity of the gut microbiota, thereby enhancing colonization 
resistance against enteric pathogens. Nutrient availability and 
substrate diversity selectively shape microbial communities, 
influencing the production of metabolites such as short-chain 
fatty acids (SCFAs), secondary bile acids, and antimicrobial 
peptides. These metabolites act as key signaling molecules 
that reinforce epithelial barrier integrity, regulate mucosal 
immunity, and suppress pathogen growth.16 Consequently, 
dietary patterns rich in bioactive and fermentable substrates 
can shift the intestinal ecosystem toward a protective state, 
whereas nutrient imbalances or highly processed diets 
may predispose hosts to dysbiosis and increased infection 
risk. Integrating functional nutrition, fermented foods, 
nutraceuticals, and nonviable microbial products into human 

dietary practices represents a rational pathway for reducing 
the burden of infectious diseases while promoting sustainable 
health across interconnected biological systems. Interactions 
among fermented ASFs, gut microbiota, foodborne pathogens, 
and the host intestinal environment are shown in Figure 1.

Fermented ASFs and Functional Compounds

Produced through controlled microbial activity, fermented 
ASFs, such as dairy and meat products, are not only preserved 
and stabilized but also enriched with bioactive compounds 
that enhance their functional value. During fermentation, 
lactic acid bacteria and other microbial consortia metabolize 
proteins, lipids, and carbohydrates to generate a wide spectrum 
of functional molecules, including organic acids, bacteriocins, 
short-chain fatty acids, vitamins, and bioactive peptides.17 
Fermented foods help reduce the burden of foodborne 
pathogens through both direct and indirect mechanisms. During 
fermentation, the production of organic acids, bacteriocins, 
and other antimicrobial compounds can suppress or inhibit 
pathogens. These constraints are particularly relevant in ASFs 
and have led to the development of technological approaches 

Figure 1. Interactions among fermented animal-sourced foods, gut microbiota, foodborne pathogens, and the host intestinal 
environment.
ASF: Animal-sourced food; SCFA: Short-chain fatty acid; STEC: Shigatoxigenic Escherichia coli. (Gastrointestinal illustration was supplied from BioArt (https://
bioart.niaid.nih.gov/)).
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to ensure their safety, as conventional decontamination 
methods may have limited penetration into complex tissues, 
such as lymph nodes in meat, and may not adequately address 
internalized pathogens. One study examined the effectiveness 
of carcass vascular rinsing with organic acids and acid-based 
antimicrobial interventions in reducing Salmonella Enteritidis in 
the lymph nodes of experimentally infected meat animals.18 The 
implementation of organic acids, which can be end products 
of beneficial microorganisms, such as lactic acid bacteria with 
probiotic and starter culture properties, into new technologies 
is important for food safety.

The consumption of fermented foods supports intestinal 
health by promoting beneficial microbiota, strengthening 
epithelial barrier function, and modulating immune 
responses, thereby reducing host susceptibility to enteric 
infections. Their role is particularly relevant in the context 
of increasing antimicrobial resistance and the limitations of 
conventional food safety strategies, as they offer natural and 
sustainable benefits that enhance both microbial control 
and host resilience. Furthermore, fermentation processes can 

contribute to sustainability by improving food preservation, 
reducing waste, and enabling the more efficient use of food 
resources. Some key bioactive components of fermented 
ASFs and their mechanistic effects on host physiology and 
pathogen control are summarized in Table 1.19–31

Fermented foods are integral components of traditional 
dietary systems across nearly all global cultures, reflecting 
long-standing practices of food preservation, sensory 
enhancement, and microbial diversity. These culturally 
embedded foods contribute not only to nutritional intake 
but also to social eating behaviors, communal food sharing, 
and dietary continuity, which are increasingly recognized as 
determinants of long-term health outcomes. The sustained 
consumption of traditional fermented foods may support 
healthier dietary patterns by reinforcing culturally accepted 
eating practices associated with microbiome diversity, 
metabolic regulation, and psychosocial well-being.32 From 
nutritional and public health perspectives, fermented foods 
are accessible and culturally integrated dietary components 
that can serve as preventive tools.

Table 1. Bioactive components and mechanistic health effects of fermented ASFs

ASF Major functional 

components

Key mechanistic actions Ref

Yogurt ACE-inhibitory peptides Antihypertensive activity mediated by bioactive peptide-induced 

inhibition of ACE

19

Acidophilus-fortified milk Organic acids, bacteriocin-

like compounds

Recognition through TLR signaling, inhibition of allergic responses, and 

regulation of inflammatory pathways, such as NF-κB signaling

20

Milk Casein-derived peptides Enhanced MUC5AC gene expression and mucin secretion 21

Milk Sphingomyelin Modulation of lipid metabolism and gut microbial composition 22

Fermented milk Fermentation metabolites Modulation of gut microbiota composition and regulation of GALT 23

Kefir EPS Modulation of the microbiota 24

Koumiss ACE-inhibitory peptides Antihypertensive activity mediated by bioactive peptide-induced 

inhibition of ACE

25

Fermented skim milk Functional peptide fractions Antioxidant, antihypertensive, and immunomodulatory activities 26

Dry-cured ham ACE-inhibitory peptides Antihypertensive activity mediated by bioactive peptide-induced 

inhibition of ACE

27

Fermented meat GABA Neurotransmitter produced during fermentation with blood pressure-

lowering effects

28

Probiotic salami SCFAs Regulation of IEC function through mechanisms including histone 

deacetylase inhibition

29

Dry-fermented sausage ACE-inhibitory peptides Antihypertensive activity mediated by bioactive peptide-induced 

inhibition of ACE

30

Salami CLA Anticarcinogenic activity 31

ASF: Animal-sourced food; CLA: Conjugated linoleic acid; SCFA: Short-chain fatty acid; GABA: γ-aminobutyric acid; EPS: Exopolysaccharide; ACE: Angiotensin-converting 
enzyme; TLR: Toll-like receptor; IEC: Intestinal epithelial cell; GALT: Gut-associated lymphoid tissue; Ref: Reference.
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Nutraceuticals

Nutraceuticals are notable components within the One 
Health framework, linking nutrition, food safety, and disease 
prevention across human, animal, and environmental systems. 
Defined as bioactive compounds derived from food sources that 
provide health benefits beyond basic nutrition, nutraceuticals 
offer targeted functional effects that can modulate host 
physiology and microbial dynamics. In the context of healthy 
nutrition, they represent a strategic extension of diet-based 
interventions, enabling the delivery of specific molecules, such 
as bioactive peptides, polyphenols, and organic acids, that 
influence key biological processes involved in host defense 
and metabolic regulation. Nutraceuticals help reduce reliance 
on conventional antimicrobials in both human and animal 
systems, thereby mitigating the emergence and spread of 
antimicrobial resistance.33 These compounds can strengthen 
intestinal barrier function,34 modulate inflammatory 
pathways,35 and support microbiota balance,36 all of which are 
critical determinants of susceptibility to foodborne infections. 
Importantly, nutraceuticals also align with the increasing 
demand for sustainable and preventive health strategies. 
Unlike pharmaceutical interventions, they can be integrated 
into daily diets or functional foods, offering a safe and scalable 
approach to improving health outcomes. Their stability, 
especially in the form of purified bioactive compounds or 
postbiotics, further enhances their applicability in food 
systems and clinical settings.

Fermented foods act as natural delivery vehicles for 
nutraceutical compounds, providing them in a structurally 
complex and bioavailable form. Unlike isolated supplements, 
food matrices facilitate synergistic interactions between 
microbial metabolites and host systems, enhancing their 
stability and functional efficacy within the gastrointestinal 
environment.37 In addition, fermentation can reduce 
antinutritional factors, such as phytates, tannins, lectins, 
and oxalates,38 and improve nutrient digestibility, further 
supporting the bioactivity of nutraceutical components.39

Nonviable Microbial Products

The positive effects of probiotics are not restricted to live 
microorganisms; nonviable microbial products and dietary 
bioactives can also exert similar immunomodulatory and 
protective functions, supporting the growing interest in 
nutraceuticals as stable and targeted preventive agents. 
Postbiotics, paraprobiotics, also called parabiotics, and cell-
free supernatants (CFSs) have emerged as mechanistically 
defined functional agents that extend the biological 
relevance of fermented foods beyond the requirement for 
viable microorganisms.40 Postbiotics are broadly defined as 
preparations of inactive microorganisms and their metabolites 

that confer a health benefit to the host, encompassing 
metabolites, cell wall fragments, extracellular vesicles, and 
soluble bioactive molecules derived from microbial activity. 
Compared with live probiotics, postbiotics offer several 
advantages, including enhanced safety profiles, improved 
physicochemical stability, and reproducibility in formulation, 
particularly in complex food matrices and clinical settings 
where viability and colonization are not guaranteed.41 
Paraprobiotics, often called “ghost probiotics” or inactivated 
probiotics, are nonviable microbial cells or fractions, such 
as cell wall components, that provide health benefits to the 
host,42 while CFSs can be defined as liquid, cell-free metabolites 
obtained by centrifuging and filtering microbial cultures, often 
probiotic bacteria such as lactic acid bacteria. These attributes 
position nonviable microbial products as highly controllable 
and scalable interventions within both food systems and 
host-directed therapeutic strategies. At the mechanistic level, 
these products exert multifaceted biological effects that 
target both microbial pathogens and host cellular responses. 
Representative mechanistic effects of nonviable microbial 
products on epithelial integrity, inflammatory signaling, and 
pathogen suppression are summarized in Table 2.43–54

CHALLENGES IN THE IMPLEMENTATION OF 
FUNCTIONAL FOOD COMPONENTS
Despite growing recognition of functional food components 
within the One Health framework, several critical challenges 
limit their consistent application and impact on health. These 
limitations include product variability, safety considerations, 
and insufficient mechanistic and clinical validation, all of 
which must be addressed to enable their integration into 
evidence-based food safety and public health strategies. The 
absence of standardized protocols for the characterization, 
quantification, and quality control of bioactive components, 
such as postbiotics and parabiotics, limits the ability to ensure 
consistency and efficacy. Challenges in balancing innovation 
with safety and scientific substantiation complicate the 
evaluation of the complex interactions between the functional 
properties of multicomponent food matrices and pathogens.55

One of the primary challenges associated with fermented foods 
is the inherent variability in their composition and functional 
properties. Fermentation is a biologically dynamic process 
influenced by raw material quality, starter cultures, processing 
conditions, and environmental factors. As a result, the 
concentration and profile of bioactive compounds, including 
organic acids, peptides, and antimicrobial metabolites, can 
vary significantly across batches and production systems. This 
variability is particularly pronounced in traditional fermented 
ASFs, in which spontaneous fermentation and undefined 
microbial consortia are common. Consequently, the 
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reproducibility of functional effects, including antimicrobial 
activity and host-modulatory capacity, remains difficult 
to standardize, limiting comparability across studies and 
applications.56

Although fermentation is traditionally associated with 
improved safety and preservation, it can also introduce 
specific risks if not properly controlled. The formation of 
biogenic amines, such as histamine, tyramine, and putrescine, 
through microbial decarboxylation of amino acids represents 
a significant safety concern, particularly in protein-rich 
fermented animal products.57 Elevated levels of these 
compounds can lead to adverse health effects, including 
allergic and hypertensive reactions in sensitive individuals. In 
addition, inadequate hygiene or uncontrolled fermentation 
conditions may allow the survival or proliferation of 
undesirable saprophytes and mycotoxigenic molds. These 

risks underscore the importance of controlled fermentation 
processes, validated starter cultures, and rigorous monitoring 
systems to ensure product safety.58

High salt content is a notable limitation of many fermented 
foods, particularly animal-sourced products such as cheeses 
and cured or fermented meats, in which sodium chloride is 
essential for microbial control, texture development, and 
shelf-life extension. Although salt contributes to the safety 
and stability of these products by inhibiting undesirable 
microorganisms and shaping fermentation dynamics, 
excessive dietary sodium intake is strongly associated with 
adverse health outcomes, including hypertension and 
increased cardiovascular risk. This presents a critical paradox 
in the context of functional nutrition and One Health, in which 
foods intended to confer health benefits may simultaneously 
contribute to the burden of noncommunicable diseases if 

Table 2. Positive effects of selected nonviable microbial products on health

Nonviable microbial 

product

Source microorganism Health effects Ref

Postbiotic Lactiplantibacillus plantarum Enhancement of tight junction proteins, including ZO-1, 

occludin, and claudin-1

43

Postbiotics LAB strains Reduction of apoptosis and oxidative stress in infected 

epithelial cells

44

Postbiotics Bacillus amyloliquefaciens J and L. plantarum Antimicrobial activity against Salmonella Typhimurium, 

Staphylococcus aureus, and Escherichia coli O157:H7

45

Postbiotic L. plantarum Reduction of bacterial invasion of epithelial cells 46

Postbiotics Bifidobacterium animalis subsp. lactis, L. 

plantarum, and Lactobacillus paracasei

Suppression of the TLR4/NLRP3/MyD88 signaling pathway 47

Postbiotic Lactobacillus helveticus Improvement in stool consistency and relief of 

constipation-related abdominal discomfort

48

Paraprobiotics Lactobacillus casei, L. paracasei, Lactobacillus 

gasseri, B. lactis, and Streptococcus 

thermophilus

Anti-inflammatory effects and reductions in organ nitrite/

nitrate levels

49

Paraprobiotics L. plantarum and Limosilactobacillus 

fermentum

Inhibition of the NF-κB/NLRP3 signaling pathway 50

Paraprobiotics L. plantarum, Latilactobacillus sakei, and 

Limosilactobacillus reuteri

Enhanced antioxidant activity, anti-inflammatory effects, 

and barrier integrity

51

Cell-free supernatants L. plantarum, L. paracasei, L. gasseri, and S. 

thermophilus

Modulation of mucus production 52

Cell-free supernatants Lactobacillus amylovorus Modulation of TLR4-independent inflammatory signaling 53

Cell-free supernatants L. reuteri, Lacticaseibacillus rhamnosus, and L. 

plantarum

Modulation of inflammation and oxidative stress 54

LAB: Lactic acid bacteria; ZO: Zonula occludens; TLR: Toll-like receptor; NLRP3: NLR family pyrin domain containing 3; MyD88: Myeloid differentiation primary response 
88; NF-κB: Nuclear factor kappa-light-chain-enhancer of activated B cells; Ref: Reference.
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consumed inappropriately. Furthermore, efforts to reduce 
salt content in fermented foods must be carefully balanced, 
as lowering sodium levels can alter microbial ecology and 
potentially compromise product quality. Therefore, optimizing 
salt concentrations, developing alternative preservation 
strategies, and engineering low-sodium fermentation systems 
remain essential research priorities to ensure the health-
promoting potential of fermented foods.59

Nutraceuticals face several key limitations that constrain their 
broader application and clinical translation, including a lack of 
standardization, limited bioavailability, regulatory ambiguity, 
and insufficient mechanistic and clinical evidence. Variability 
in composition and active compound concentrations 
reduces reproducibility and complicates dose optimization, 
while many bioactive molecules exhibit poor absorption or 
rapid metabolism, limiting their in vivo efficacy. In addition, 
inconsistent regulatory frameworks across regions create 
challenges in quality control, safety assessment, and validation 
of health claims. Although nutraceuticals show promising 
antimicrobial, antioxidant, and immunomodulatory effects 
against pathogens in experimental models, robust human 
clinical data and detailed mechanistic insights remain limited. 
Furthermore, potential safety concerns and interactions, 
particularly at higher doses or in sensitive populations, 
underscore the need for rigorous evaluation.60

Despite promising in vitro and preclinical findings, a 
substantial gap remains in mechanistic clarity and clinical 
validation regarding the health effects of functional food 
compounds. Many studies rely on experimental models that 
do not fully capture the complexity of host–microbiota–
pathogen interactions in vivo. Although evidence supports the 
antimicrobial and immunomodulatory effects of fermentation-
derived compounds against pathogens, the precise molecular 
mechanisms and dose–response relationships remain 
incompletely elucidated. Moreover, well-designed clinical 
trials assessing efficacy, safety, and long-term outcomes in 
diverse populations are limited. This lack of robust clinical 
evidence restricts the ability to formulate definitive dietary 
recommendations and hinders acceptance within clinical and 
regulatory frameworks.

CONCLUSION
Fermented ASFs and their functional components are 
multifaceted, biologically active tools within the One Health 
framework, bridging the interconnected domains of food 
safety, nutrition, and host defense. Beyond their traditional 
roles in preservation and nutrient delivery, these functional 
components can exert targeted antimicrobial effects against 
major foodborne pathogens while simultaneously modulating 
intestinal barrier integrity and innate immune responses. 

This dual functionality, controlling pathogens within food 
matrices and enhancing host resilience after consumption, 
positions them as strategic interventions capable of addressing 
both exposure risk and disease susceptibility. Importantly, 
integrating fermented ASFs into dietary practices, alongside 
nutraceuticals, postbiotics, and other bioactive metabolites, 
offers a complementary approach to conventional food safety 
systems. These strategies align with the increasing need to 
reduce reliance on antimicrobials, mitigate antimicrobial 
resistance, and implement sustainable preventive health 
measures across populations. Their capacity to modulate gut 
microbiota composition, regulate inflammatory signaling 
pathways, and reinforce epithelial defenses highlights their 
relevance in reducing the burden of foodborne diseases. 
From a translational perspective, the strategic incorporation 
of these functional approaches into food production systems, 
animal feeding practices, and public health policies holds 
significant promise. However, their successful implementation 
requires continued efforts toward standardization, mechanistic 
validation, and clinical substantiation. Within a holistic One 
Health context, fermented ASFs and nutraceuticals, when used 
as integrated tools, offer a forward-looking pathway to enhance 
food safety, strengthen host defense mechanisms, and promote 
sustainable health across interconnected biological systems.
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Adults with cancer are at a substantially increased risk of infectious complications due 
to malignancy-related immune dysregulation and the immunosuppressive effects 
of anticancer therapies. Vaccine-preventable infections remain a significant cause of 
morbidity and mortality despite advances in oncologic care. This review summarizes 
current evidence and international guideline recommendations on vaccination strategies 
in adult patients with solid tumors. Inactivated and recombinant vaccines are generally 
safe and should be administered according to standard schedules, preferably before the 
initiation of immunosuppressive therapy. Although immune responses may be attenuated 
during treatment, available data support a meaningful clinical benefit in reducing severe 
infections and hospitalizations. Live attenuated vaccines are contraindicated during 
significant immunosuppression and should be considered only after documented immune 
reconstitution. Optimizing vaccination outcomes requires individualized scheduling, 
attention to treatment-related immune effects, and immunization of household contacts. 
Proactive, guideline-based vaccination should be integrated into routine oncology care to 
reduce infection-related complications and support treatment continuity.
Keywords: Adult cancer patients, immunization, immunosuppression, preventive care, 
vaccination.

ABSTRACT

INTRODUCTION
Adult cancer patients are at a markedly increased risk of infections due to malignancy-associated 
immune dysregulation and the immunosuppressive effects of chemotherapy, radiotherapy, 
immunotherapy, and targeted agents. Impairment of cellular immunity, disruption of mucosal 
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barriers, functional asplenia, and reduced B-cell–mediated 
responses contribute to significantly higher infection-related 
morbidity and mortality from bacterial and viral pathogens 
compared with the general population.1 Despite substantial 
advances in oncologic therapies and supportive care 
measures, vaccine-preventable diseases remain a significant 
clinical burden in this vulnerable group.2,3 Moreover, immune 
responses are frequently diminished during active treatment, 
and vaccine immunogenicity varies considerably according to 
treatment modality, timing of administration, and the degree 
of immune recovery achieved.

The intersection of cancer treatment and vaccine-preventable 
infections presents unique clinical challenges. Cancer itself can 
compromise immune function through various mechanisms, 
including bone marrow infiltration, malnutrition, and the 
production of immunosuppressive cytokines. When combined 
with the effects of modern anticancer therapies, which 
may include intensive chemotherapy regimens, prolonged 
corticosteroid use, B-cell–depleting monoclonal antibodies, 
and novel immunotherapeutic agents, the cumulative impact 
on immune competence can be profound and prolonged.4,5

This narrative review summarizes current evidence, 
international guideline recommendations, and practical 
considerations regarding vaccination strategies in adult 
cancer patients with solid tumors. Patients with hematologic 
malignancies and hematopoietic stem cell transplant 
recipients were excluded from this review because of their 
distinct and more complex immune reconstitution profiles. 
A structured literature search was conducted using PubMed/
MEDLINE, Embase, and the Cochrane Library for English-
language publications up to 2026. International guidelines 
and consensus documents were also reviewed. Original 
studies, randomized controlled trials, observational studies, 
systematic reviews, and meta-analyses addressing vaccine 
safety, immunogenicity, efficacy, and timing in adults with 
solid tumors were included. The findings were synthesized 
qualitatively to inform practical, guideline-aligned 
recommendations. We confirm that the study was conducted 
in accordance with the Declaration of Helsinki.

CLINICAL AND RESEARCH CONSEQUENCES
General Principles of Vaccination

Vaccination is a cornerstone of preventive care in adult cancer 
patients and aims to reduce infection risk and treatment-related 
complications that may interrupt or compromise oncologic 
therapy. Standard adult immunization schedules published 
by organizations such as the Centers for Disease Control and 
Prevention should be followed whenever feasible; however, 
vaccination strategies require careful individualization based 

on multiple factors, including vaccine type, timing relative 
to cancer treatment, degree of immunosuppression, and 
treatment-related immunologic effects.6

Vaccines used in oncology practice can be broadly categorized 
as inactivated vaccines and live attenuated vaccines.7 
Inactivated vaccines contain killed pathogens or purified 
components and cannot cause infection, even in profoundly 
immunosuppressed individuals. This category includes 
subunit vaccines, toxoid vaccines, recombinant vaccines, 
and conjugate vaccines. In contrast, live attenuated vaccines 
contain weakened but viable microorganisms capable of 
replication and, although generally safe in immunocompetent 
individuals, they pose a risk of disseminated infection in 
patients with significant immunosuppression. Understanding 
this fundamental distinction is critical for safe vaccination 
practices in the oncology setting.

Timing of Immunization
Vaccination timing is a key determinant of immunogenicity in 
adults with cancer. Optimal immune responses are achieved 
when vaccines are administered before the initiation of 
immunosuppressive therapy. Accordingly, inactivated 
vaccines should be administered at least 2 weeks before 
chemotherapy or immunomodulatory treatment, whereas live 
attenuated vaccines should be administered at least 4 weeks 
in advance.4

Inactivated vaccines can be safely administered during or 
after cancer treatment, although antibody responses are 
often attenuated. Therefore, vaccination should preferably be 
scheduled during periods of relative immune recovery within 
chemotherapy cycles. Immune reconstitution typically occurs 
within 3–6 months after chemotherapy, whereas recovery may 
be delayed for up to 6–12 months following B-cell–depleting 
therapies, such as anti-CD20 monoclonal antibodies.8 Live 
attenuated vaccines remain contraindicated during active 
immunosuppression and should be considered only after 
adequate immune recovery.

INACTIVATED VACCINES
Seasonal Influenza Vaccine
Seasonal influenza is a major cause of respiratory illness in 
adults with cancer and is associated with a substantial risk 
of severe complications and mortality. Influenza-related 
hospitalization rates are approximately fourfold higher, and 
mortality rates are nearly tenfold higher, in adults with cancer 
than in the general population.9 Consequently, international 
guidelines uniformly recommend annual administration of 
the inactivated influenza vaccine for all patients with cancer, 
with optimal vaccination ideally performed at least 2 weeks 
before the initiation of immunosuppressive therapies.
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Immune responses to influenza vaccination vary according to 
tumor type, chemotherapy intensity, and immunomodulatory 
treatments. Seroprotection rates are generally preserved 
in patients with solid tumors, particularly breast, lung, and 
gastrointestinal cancers, but are significantly reduced in those 
receiving B-cell–depleting therapies or regimens that cause 
profound humoral immunosuppression.10

When influenza vaccination is required during chemotherapy, 
available evidence suggests that early administration within 
the chemotherapy cycle is safe and immunogenic. In adults 
receiving cytotoxic chemotherapy every 3 weeks, vaccination 
administered on day 1 or day 11 resulted in comparable 
seroprotection rates, whereas vaccination on day 1 was 
associated with fewer adverse events (13% vs. 32%, p=0.04).11 
Similarly, higher serologic response rates were reported with 
early postchemotherapy vaccination (day 5) than with late 
postchemotherapy vaccination (day 16) in patients with 
breast cancer.12 These findings support vaccination during 
treatment when necessary, preferably avoiding periods of 
profound neutropenia.

Strategies to enhance immunogenicity, including high-
dose inactivated influenza vaccines and 2-dose vaccination 
schedules, have been investigated. Although some studies 
have reported improved antibody responses with these 
approaches, current evidence remains limited and insufficient 
to support their routine implementation. Nevertheless, even 
in the presence of reduced serologic responses, influenza 
vaccination has been shown to reduce influenza-related 
complications, hospitalizations, and mortality in patients 
with cancer.

Overall, the safety profile of inactivated influenza vaccines 
in adults with cancer is favorable, and the clinical benefits of 
vaccination clearly outweigh concerns regarding reduced 
immunogenicity. Annual influenza vaccination is therefore 
strongly recommended for patients with cancer and their 
household contacts.

Pneumococcal Vaccine
Invasive pneumococcal disease is a major cause of 
morbidity and mortality among adults with cancer, 
driven by malignancy-associated immune dysfunction, 
treatment-related neutropenia, mucosal barrier disruption, 
and impaired humoral immunity.13 Currently available 
pneumococcal vaccines include conjugate vaccines (PCV13, 
PCV15, PCV20, and PCV21) and the polysaccharide vaccine 
(PPSV23). Conjugate vaccines induce T-cell–dependent 
immune responses, leading to immunologic memory, higher 
antibody avidity, and more durable protection. Consequently, 
they demonstrate superior immunogenicity compared with 
polysaccharide vaccines in immunocompromised adults. 
Historically, this supported a strategy of primary conjugate 
vaccination followed by PPSV23 boosting. The expanded 
serotype coverage of newer conjugate vaccines, particularly 
PCV20, has simplified adult vaccination schedules (Table 1). 
Current guidelines recommend either a single dose of PCV20 
or sequential vaccination with PPSV23 administered at least 
8 weeks after PCV15 or PCV13 in adults with cancer.4 Both 
approaches provide broad serotype coverage and effective 
protection, whereas the single-dose PCV20 regimen offers 
practical advantages in oncology settings. PCV21 has also 
recently been licensed, further expanding the available 
options.14

Pneumococcal vaccination is ideally administered before 
the initiation of anticancer therapy, when immunogenicity is 
highest. If vaccination is required during treatment, periods of 
neutropenia should be avoided whenever possible. Although 
immune responses may be attenuated during active therapy, 
vaccination should not be deferred, particularly in patients 
with anatomic or functional asplenia, who are at high risk 
for rapidly progressive and life-threatening pneumococcal 
infections.4 When splenectomy is planned, vaccination 
should be administered at least 2 weeks before surgery; if 
this is not feasible, postoperative vaccination is acceptable. 
Pneumococcal vaccines are generally well tolerated in adults 

Table 1. Recommended pneumococcal vaccination schedule for immunocompromised patients aged 19 years and older

Vaccination status Recommendation

Unvaccinated One dose of PCV20, or one dose of PCV13 or PCV15 followed by PPSV23 after 8 weeks

History of receiving one dose of PPSV23 PCV20, PCV15, or PCV13 after 1 year

If a booster dose of PPSV23 is required
The first booster dose of PPSV23 should be administered at least 8 weeks after the last PCV13 

dose and at least 5 years after the last PPSV23 dose.

History of receiving one dose of PCV13 One dose of PCV20 after 1 year, or PPSV23 after 8 weeks

PCV13: 13-valent pneumococcal conjugate vaccine; PCV15: 15-valent pneumococcal conjugate vaccine; PCV20: 20-valent pneumococcal conjugate vaccine; PPSV23: 
23-valent pneumococcal polysaccharide vaccine.
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with cancer. Adverse events are usually limited to mild local 
reactions, whereas systemic effects and serious vaccine-
related complications are rare.8,15

Tetanus, Diphtheria, and Acellular Pertussis Vaccination

Tetanus, diphtheria, and pertussis are vaccine-preventable 
infections that may cause severe disease in adults.16 Although 
data on their incidence in adults with cancer are limited, 
immunosuppressive cancer therapies impair both cellular 
and humoral immunity, resulting in reduced protective 
antibody levels. Therefore, maintaining immunity against 
these infections is an important component of preventive 
care in oncology practice.4 Tetanus–diphtheria–acellular 
pertussis (Tdap) and tetanus–diphtheria (Td) vaccines, 
which contain inactivated toxoids and subunit antigens, 
can be safely administered even in patients with significant 
immunosuppression. Adults who have not completed 
a primary immunization series should receive 3 doses 
administered at 0, 1, and 6–12 months.17 Individuals who have 
never received Tdap should receive a single lifetime dose, 
followed by Td or Tdap booster doses every 10 years.

Hepatitis B Vaccine

Hepatitis B virus (HBV) infection poses a significant clinical 
risk in patients with cancer, primarily because of potential 
viral reactivation during immunosuppressive therapies. This 
risk is particularly pronounced in patients receiving anti-
CD20 monoclonal antibodies, high-dose corticosteroids, 
or intensive chemotherapy.18 HBV reactivation can 
lead to fulminant hepatitis and treatment interruption. 
Comprehensive baseline serologic screening, including 
HBsAg, anti-HBc, and anti-HBs, is essential before anticancer 
treatment.19 Because seroconversion rates after hepatitis B 
vaccination are substantially reduced during active cancer 
therapy, vaccination should preferably be completed before 
treatment whenever possible. For immunocompromised 
adults aged 20 years and older, standard Recombivax HB 
consists of 3 20-μg doses administered at 0, 1, and 6 months. 
When Engerix-B is used, a high-dose schedule of 4 40-μg 
doses administered at 0, 1, 2, and 6 months is recommended.4 
High-dose vaccination is also standard practice in patients 
undergoing chronic hemodialysis, and combined hepatitis 
A–B vaccine formulations may be safely used in adults with 
cancer. Postvaccination assessment of anti-HBs titers is 
recommended, as additional doses may be required when 
antibody levels remain below the protective threshold of 
10 IU/L. Hepatitis B vaccines have an excellent safety profile. 
However, vaccine-induced responses are markedly attenuated 
during B-cell–depleting therapies; therefore, vaccination may 
be more effective when deferred until approximately 6–12 
months after treatment completion.

Hepatitis A Vaccine

Hepatitis A virus (HAV) may cause symptomatic and 
occasionally severe infection in adults. Although the overall 
incidence in patients with cancer does not appear to be higher 
than that in the general population, the risk of severe disease 
may be increased because of immunosuppressive therapies, 
comorbidities, and reduced hepatic reserve. Hepatitis A 
vaccination is recommended for adults with chronic liver 
disease, individuals traveling to regions with high HAV 
endemicity, household contacts of acute cases, men who have 
sex with men, individuals with substance use disorders, and 
those living in high-endemicity areas. Malignancy alone does 
not constitute an indication; however, vaccination should be 
strongly considered in patients who meet these risk criteria.20 
It is particularly important in liver transplant candidates and 
recipients. The inactivated vaccine is administered as a 2-dose 
series at 0 and 6 months. Data on immunogenicity in patients 
with cancer are limited, and seroconversion rates are reduced in 
immunosuppressed populations. Vaccination should ideally be 
administered before anticancer therapy. Hepatitis A vaccines 
are generally well tolerated, with rare serious adverse events.

Meningococcal Vaccination

Neisseria meningitidis can cause rapidly progressive, life-
threatening conditions, including meningitis and septicemia. 
Although the incidence is not higher in adults with cancer, 
immunosuppressive therapies and, particularly, anatomic 
or functional asplenia substantially increase the risk of 
severe invasive disease. Meningococcal vaccination is not 
routinely recommended for all patients with cancer but is 
strongly indicated in high-risk settings, including anatomic 
or functional asplenia, congenital complement deficiencies, 
and the use of complement pathway inhibitors such as 
eculizumab.21 Additional indications include travel to endemic 
regions, close contact with infected individuals, occupational 
exposure, congregate living environments, and outbreaks.

Available vaccines include conjugate quadrivalent MenACWY 
and recombinant serogroup B (MenB) vaccines. In adults at 
increased risk, a 2-dose primary MenACWY series administered 
approximately 8 weeks apart is recommended, with boosters 
every 5 years if the risk persists. MenB provides protection 
exclusively against serogroup B and is complementary to 
MenACWY. These vaccines demonstrate robust immune 
responses in high-risk populations and have a favorable safety 
profile, with mild local reactions being the most common 
adverse events.22

Haemophilus influenzae Type b (Hib) Vaccine

Haemophilus influenzae type b can cause severe invasive 
infections, particularly in individuals with anatomic or 
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functional asplenia. Patients who have undergone splenectomy 
or have functional asplenia are at a substantially increased 
risk. Hib vaccination is important in oncology patients at risk 
of anatomic or functional asplenia. Routine vaccination is not 
recommended for adult patients with cancer in the absence of 
these risk factors.23 Conjugate Hib vaccines elicit robust T-cell–
dependent immune responses, enabling adequate antibody 
responses even during immunosuppressive therapy. In adults, 
Hib vaccination is administered as a single dose that confers 
long-term protection.

Human Papillomavirus (HPV) Vaccine

Human papillomavirus is responsible for anogenital warts 
and malignancies of the cervix, vagina, vulva, anus, penis, 
and oropharynx. HPV-16 and HPV-18 account for more than 
70% of cervical cancer cases.24 HPV vaccines are virus-like 
particle vaccines produced using recombinant technology 
without live virus; therefore, they can be safely administered 
to immunocompromised individuals. The 9-valent vaccine 
provides broad protection and has demonstrated high 
efficacy. The Advisory Committee on Immunization Practices 
(ACIP) recommends routine vaccination at ages 9–14 years, 
with catch-up vaccination through age 26 years. Vaccination in 
adults aged 27–45 years may be considered based on shared 
decision-making. HPV vaccination may still benefit individuals 
with prior exposure by providing protection against other 
types. In immunocompromised individuals, a 3-dose schedule 
at 0, 2, and 6 months is recommended.25 HPV vaccines are 
generally well tolerated, with rare serious adverse events.25,26

Recombinant Zoster Vaccine

Herpes zoster is clinically significant in adults with cancer, 
with a markedly increased incidence and a higher risk of 
complications. The risk is approximately 2- to 3-fold higher in 
patients with solid tumors and up to 10-fold higher in those 
with hematologic malignancies.27 Complications such as 
postherpetic neuralgia and disseminated zoster occur more 
frequently, particularly during the first 2 years after diagnosis. 
Because the live attenuated zoster vaccine is contraindicated in 
immunosuppressed patients, the recombinant zoster vaccine 
(RZV) is the preferred strategy. RZV is indicated for adults aged 
50 years and older and immunocompromised individuals 
aged 18 years and older. The strongest immune response is 
achieved before immunosuppressive therapy. The standard 
schedule consists of 2 doses at 0 and 2–6 months; in patients 
requiring rapid protection, the interval may be shortened to 
4 weeks.4 In solid organ transplant candidates, RZV should be 
administered before transplantation when feasible or 6–12 
months after transplantation during clinical stability. Patients 
with prior herpes zoster may be vaccinated after resolution. 
Revaccination is appropriate for those who previously received 

live attenuated vaccines. Vaccine immunogenicity is reduced 
with B-cell–depleting therapies. In patients undergoing such 
treatment, a single RZV dose approximately 4 weeks before 
the next chemotherapy cycle may be considered. RZV has a 
favorable safety profile, with generally mild to moderate self-
limited reactions and rare serious events.28

Respiratory Syncytial Virus (RSV) Vaccines

Respiratory syncytial virus can cause severe lower respiratory 
tract infections in older adults and immunocompromised 
individuals. In adults with cancer, RSV infection is associated 
with an increased risk of pneumonia, hospitalization, and 
adverse outcomes. In 2023, 2 vaccines containing recombinant 
prefusion F protein (Arexvy® and Abrysvo®) were approved for 
adults aged 60 years and older. As non-live vaccines, they are 
appropriate for immunocompromised populations. Clinical 
trials demonstrated vaccine efficacy of 66%–83% in preventing 
RSV-associated lower respiratory tract disease and 85%–94% 
in preventing severe disease; however, data specific to patients 
with cancer remain limited.29,30 The American Society of Clinical 
Oncology (ASCO) recommends a single dose of RSV vaccine 
in patients with cancer aged 60 years and older.4 Optimal 
timing is at least 2 weeks before immunosuppressive therapy. 
During active treatment, administration should avoid periods 
of severe neutropenia. In transplant candidates, vaccination 
is preferably administered at least 2 weeks before or at least 
6 months after transplantation.31 RSV vaccines are generally 
well tolerated, with mild local reactions and transient systemic 
symptoms.

COVID-19 Vaccines

COVID-19 is associated with a substantially increased 
risk of severe illness and mortality in adults with cancer, 
and vaccination remains the cornerstone of prevention. 
All currently authorized COVID-19 vaccines are non-live 
platforms and can be safely administered during cancer 
treatment. Guidelines recommend completing the primary 
vaccination series and receiving boosters according to 
standard schedules. Although humoral responses may 
be attenuated by immunosuppressive therapies, mRNA 
vaccines retain clinically meaningful effectiveness. In 
individuals receiving immune checkpoint inhibitors, 
COVID-19 vaccination has not been associated with reduced 
efficacy or a clinically significant increase in immune-related 
adverse events.32 Although vaccination should ideally be 
administered before therapy, it may be safely given during 
treatment, while avoiding periods of profound neutropenia. 
COVID-19 vaccines are generally well tolerated, with rare 
serious adverse events. Given the potential for waning 
immunity and reduced antibody responses under certain 
regimens, adherence to recommended boosters is essential.
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LIVE ATTENUATED VACCINE APPLICATIONS
Live attenuated vaccines constitute an important category of 
immunizations but carry a risk of disseminated infection in 
immunosuppressed adults because they contain replication-
competent microorganisms with reduced virulence. 
In adults with cancer, malignancy-associated immune 
dysfunction, together with treatment-related cellular and 
humoral immunosuppression induced by chemotherapy, 
immunotherapy, targeted therapies, anti-CD20 monoclonal 
antibodies, and high-dose corticosteroids, substantially limits 
the safe use of live vaccines.4,8,15 Accordingly, live attenuated 
vaccines, including measles–mumps–rubella (MMR), varicella, 
live attenuated zoster vaccine, intranasal live attenuated 
influenza vaccine (LAIV), yellow fever vaccine, and oral 
typhoid vaccine, are contraindicated during active cancer 
treatment.4 Administration of live vaccines may be considered 
only if they are given at least 4 weeks before the initiation of 
immunosuppressive therapy. In the posttreatment setting, 
vaccination decisions should be individualized and based on 
the degree and durability of immune reconstitution.

In general, a minimum interval of 3 months after completion 
of cytotoxic chemotherapy is recommended before live 
vaccination is considered; however, longer delays may be 
necessary depending on the intensity and immunosuppressive 
profile of the therapeutic agents used. After B-cell–depleting 
therapies, such as anti-CD20 antibodies, restoration of B-cell 
function is required before live vaccines can be administered, 
and an interval of at least 6–12 months is typically recommended.

Vaccination in Patients Receiving Immunotherapy

Vaccination in patients treated with immune checkpoint 
inhibitors (ICIs) warrants particular attention because of 
theoretical concerns regarding a potential increase in 
immune-related adverse events (irAEs). However, current 
evidence indicates that inactivated influenza and mRNA-based 
COVID-19 vaccines are generally safe in this population. In one 
study, irAE rates after influenza vaccination were reported to 
be approximately 20%–30%, comparable to those observed 
in unvaccinated ICI-treated cohorts.33 Similarly, several series 
have demonstrated that grade≥3 irAEs remained within the 
range of 5%–10% without a significant increase, although a 
small study reported a higher incidence of adverse events.34,35

Data on COVID-19 vaccines are consistent with these findings. 
In patients receiving ICIs, overall adverse event rates after mRNA 
vaccination range from 30% to 50%, whereas serious adverse 
events occur in fewer than 5% of cases, with no significant 
increase in immune-related toxicities.36 Seroconversion rates 
in patients with solid tumors receiving ICIs range from 70% 
to 90%, exceeding those observed in patients undergoing 

cytotoxic chemotherapy.37 Compared with B-cell–depleting 
therapies, such as anti-CD20 agents, immune responses 
appear to be better preserved.

The impact of vaccination on immunotherapy efficacy 
remains unclear. Retrospective analyses have reported median 
progression-free survival (PFS) of 8–12 months in vaccinated 
patients, with outcomes comparable to those of unvaccinated 
cohorts.38 However, these studies are limited by small sample 
sizes and heterogeneity, and randomized controlled data are 
lacking. In addition, direct comparative evidence regarding 
vaccine responses across different ICI classes, including PD-1/
PD-L1 and CTLA-4 inhibitors, remains insufficient.

In conclusion, current evidence supports the safety and 
feasibility of inactivated and mRNA vaccines during ICI therapy. 
However, their effects on survival, tumor response, and long-
term immunologic outcomes remain uncertain, highlighting 
the need for well-designed prospective studies.

Vaccination of Household Contacts
An essential component of vaccination strategies in adult 
cancer patients is ensuring the appropriate immunization of 
household contacts. Vaccination of close contacts is a critical 
element of infection prevention and control in this population 
and is as important as vaccination of the patients themselves. 
There are no restrictions on the administration of inactivated 
vaccines to household contacts, and these vaccines can be 
safely administered without concern.

Live attenuated vaccines, however, require special consideration 
when administered to close contacts of immunosuppressed 
individuals. In the event of a postvaccination rash, which may 
rarely occur after varicella vaccination, close contact with 
severely immunosuppressed patients should be temporarily 
avoided. Similarly, although the intranasal live attenuated 
influenza vaccine may be administered to contacts, its use 
is not recommended in households that include individuals 
with profound immunosuppression; in such settings, the 
inactivated influenza vaccine should be preferred whenever 
possible. In addition, oral live vaccines, such as rotavirus 
and oral poliovirus vaccines, pose a potential transmission 
risk because of viral shedding in stool and are therefore 
contraindicated for close contacts of immunosuppressed 
patients. Immunocompromised individuals should avoid 
contact with soiled diapers of infants who have received 
oral poliovirus or rotavirus vaccines for 4–6 weeks after 
vaccination.4,15 This precaution should be explicitly included 
in patient education materials and discharge instructions to 
ensure adequate awareness and adherence in clinical practice.

For optimal protection, vaccination status should be 
systematically assessed in both patients with cancer and 
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their close contacts. Completion of missing immunizations 
and implementation of appropriate precautions to mitigate 
transient transmission risks associated with live vaccines 
in contacts are essential components of a comprehensive 
vaccination strategy in this setting.

ARTIFICIAL INTELLIGENCE APPLICATIONS IN 
VACCINATION STRATEGIES
Artificial intelligence (AI) is increasingly being used to 
personalize vaccination strategies in oncology patients. Machine 
learning algorithms can analyze multiple variables, including 
age, tumor type, treatment modality (e.g., chemotherapy or 
immunotherapy), lymphocyte counts, and comorbidities, to 
predict vaccine responsiveness and determine the optimal timing 
of immunization.39 In addition, these models may help identify 
patients at high risk of infection, thereby supporting vaccination 
prioritization.39,40 Integration with electronic health records 
enables the automated identification of missing vaccinations and 
facilitates clinical decision support through reminder systems.40 
Notably, predictive models developed during the COVID-19 
pandemic have shown promising results in estimating immune 
responses and seroconversion after vaccination.40 However, 
most available data are derived from retrospective studies, and 
further prospective validation is required before widespread 
implementation in routine clinical practice.

CONCLUSION
This clinical guide provides an overview of current evidence 
and guideline-based recommendations. It emphasizes the 
substantially increased risk of severe infections during active 
treatment and immunosuppression. Although vaccine-
induced responses may be attenuated, the clinical benefits 
outweigh these limitations.

In conclusion, many infections in adults with cancer are 
preventable through vaccination (Table 2). Malignancy-
related immune impairment and treatment-related 
immunosuppression significantly increase the risk of 
infection, making vaccination a key component of 
supportive oncology care. Although inactivated and 
recombinant vaccines can be safely administered, live 
attenuated vaccines are contraindicated during active 
treatment and should be considered only after adequate 
immune reconstitution. Optimal protection is achieved 
through vaccination before treatment initiation whenever 
possible, individualized timing according to immune status 
and treatment regimens, and comprehensive vaccination of 
household members. An integrated and patient-centered 
vaccination strategy is essential to reduce infection-related 
morbidity and support the continuity and success of cancer 
treatment.

Table 2. Recommended immunizations for adults with cancer

Vaccine Recommended age Schedule

Influenza, 

inactivated
All ages Annually

RSV 60 years and older Once

COVID-19 All ages
According to the latest CDC schedule for immunocompromised 

individuals

Tdap/Td 19 years and older One dose of Tdap, followed by a Td or Tdap booster every 10 years

Hepatitis B
19–59 years: eligible; 60 years and older: 

immunize those with other risk factors*

For adults aged 20 years and older, use a high-antigen-dose formulation 

(40 μg) and administer as a 3-dose Recombivax HB series at 0, 1, and 6 

months or a 4-dose Engerix-B series at 0, 1, 2, and 6 months

Recombinant 

zoster vaccine
19 years and older Two doses at least 4 weeks apart

Pneumococcal 

vaccine
19 years and older

One dose of PCV15 followed by PPSV23 8 weeks later, or one dose of 

PCV20**

HPV
19–26 years: eligible; 27–45 years: shared 

decision-making
Three doses at 0, 1–2, and 6 months

CDC: Centers for Disease Control and Prevention; HPV: human papillomavirus; PCV13: 13-valent pneumococcal conjugate vaccine; PCV15: 15-valent pneumococcal 
conjugate vaccine; PCV20: 20-valent pneumococcal conjugate vaccine; PPSV23: 23-valent pneumococcal polysaccharide vaccine; RSV: respiratory syncytial virus; Td: 
tetanus–diphtheria; Tdap: tetanus–diphtheria–acellular pertussis. *: HIV, chronic liver disease, intravenous drug use, sexual risk factors, and incarceration; **: Patients 
who have previously received PCV13 only can receive one dose of PCV20 after an interval of 1 year.
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Objective: Symmetrical acral keratoderma (SAK) is a rare dermatosis that primarily affects 
young males and manifests as symmetric, brownish, well-demarcated hyperkeratotic 
plaques on acral sites, particularly the wrists, dorsal hands, and fingers. Ichthyosis vulgaris 
(IV), the most common subtype of ichthyosis, is characterized by dry, rough skin with fine, 
adherent, diamond-shaped or polygonal scales on the extensor surfaces of the limbs and 
trunk. Clinical evidence frequently links the onset of SAK with the presence of IV. However, 
systematic analyses of this association remain limited.
Materials and Methods: We searched PubMed, Web of Science, and the China National 
Knowledge Infrastructure (CNKI) for English- and Chinese-language literature.
Results: The comparative analysis revealed key parallels and distinctions. SAK predominantly 
affects young males and is exacerbated in hot and humid climates. IV typically manifests 
in infancy or early childhood, persists lifelong, and worsens during cold, dry winters. Both 
disorders involve FLG mutations at distinct loci. Clinically, SAK presents as symmetrically 
distributed, well-demarcated tan-to-dark brown macules or papules on acral sites, 
excluding the palms and soles. IV is characterized by light-to-dark brown diamond-shaped 
or polygonal scales with central adhesion and peripheral detachment, primarily on the 
extensor surfaces of the lower limbs. Histopathologically, SAK shows marked hyperkeratosis, 
thinning of the granular layer, and increased basal melanocytes. IV demonstrates mild-to-
moderate hyperkeratosis with attenuation or absence of the granular layer and follicular 
keratin plugs. Both conditions are managed symptomatically with topical emollients and 
salicylic acid. Systemic approaches differ: retinoids are frequently used for IV but are seldom 
indicated for SAK.
Conclusion: This systematic comparative analysis delineates the salient features of SAK and 
IV, suggesting that they may be classified as distinct disease entities.
Keywords: Epidermal differentiation disorders, genodermatosis, ichthyosis vulgaris, 
keratoderma, symmetrical acral keratoderma.
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INTRODUCTION
Symmetrical acral keratoderma (SAK) is a hyperkeratotic 
disorder that predominantly affects young-to-middle-aged 
males. Patients present with symmetric, tan, hyperkeratotic 
papules on acral surfaces. Characteristically, the lesions exhibit 
transient whitening and wrinkling after immersion in water, 
which resolves upon drying. The distribution typically involves 
the wrists, dorsal hands and fingers, ankles, and dorsal feet, 
occasionally extending to the elbows and knees while sparing 
the flexural surfaces. SAK demonstrates prominent seasonal 
variation, worsening in summer and improving in winter, with 
minimal patient discomfort.1–5

Following the seminal report by Jiang et al.3 on SAK in mainland 
China in 2008, which detailed the clinical and histopathological 
features of 11 patients (9 males and 2 females; mean age at 
onset, 26.5 years), the entity was designated “symmetrical 
acral keratoderma” because of its distinct presentation. SAK 
has since been recognized in subsequent literature.3

Ichthyosis vulgaris (IV), the most common subtype of 
ichthyosis, arises from mutations in the filaggrin (FLG) gene. 
Notably, IV and SAK frequently coexist, with Liu et al.4 reporting 
that 67.6% of patients had a personal or family history of 
IV.1,2,4–10 This frequent association has prompted discussion 
regarding their nosological separation. From both clinical and 
etiological perspectives, the features of SAK and IV appear 
to overlap, making clear delineation challenging. However, 
no studies have systematically compared SAK and IV to date. 
This review comprehensively summarizes both disorders to 
elucidate their interrelationship and differences.

METHODS
We conducted this systematic review in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. Our methodology comprised 
the following key steps:

Search Strategy
A comprehensive literature search was performed across three 
electronic databases: PubMed, Web of Science, and the China 
National Knowledge Infrastructure (CNKI). The search included 
all literature published from June 1, 2005, to June 1, 2025, 
with no restrictions on publication type. The search strategy 
was designed to encompass all aspects of symmetrical acral 
keratoderma (SAK) and ichthyosis vulgaris (IV). In PubMed and 
Web of Science, we used the following key terms combined 
with Boolean operators:

Population/terms: “Symmetrical acral keratoderma” OR 
“pigmented carpotarsal hyperkeratosis” OR “symmetrical 
acrokeratoderma” OR “ichthyosis vulgaris”

Concepts: AND “epidemiology” OR “predisposing factors” OR 
“pathogenesis” OR “histopathology” OR “clinical manifestations” 
OR “therapeutic approaches.”

For CNKI, an equivalent search was performed using the 
Chinese-character term for “symmetrical acral keratoderma.”

Eligibility Criteria

Inclusion Criteria

The inclusion criteria were as follows: (a) original studies, 
including case series and case reports, describing the clinical 
features, histopathology, pathogenesis, or epidemiology 
of SAK and/or IV; (b) systematic reviews and meta-analyses 
providing critical summaries or novel insights into SAK or IV; (c) 
studies involving human subjects; and (d) articles published in 
English or Chinese.

Exclusion Criteria

The exclusion criteria were as follows: (a) studies without 
primary data, such as narrative reviews, editorials, or 
comments without new cases; (b) articles for which the full text 
was unavailable despite exhaustive efforts; and (c) duplicate 
publications involving the same patient cohort.

Study Selection Process

All identified records were imported into reference 
management software, such as EndNote. After duplicates 
were removed, two reviewers independently screened the 
titles and abstracts against the eligibility criteria. The full 
texts of potentially relevant articles were then retrieved and 
independently assessed by the same two reviewers for final 
inclusion. Any disagreements during the selection process 
were resolved through discussion or consultation with a third 
senior researcher. This process is summarized in a PRISMA flow 
diagram (Fig. 1).

Quality Assessment

The methodological quality of the included studies was 
critically appraised by two independent reviewers using 
standardized tools appropriate for each study design.

For case reports and case series, we used the corresponding 
critical appraisal checklists from the Joanna Briggs Institute 
(JBI). For systematic reviews, we used the AMSTAR-2 
checklist.

Any disagreements were resolved through consensus or 
consultation with a third reviewer. The results of the quality 
appraisal were narratively summarized and considered when 
interpreting the findings and determining the strength of the 
conclusions drawn.
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RESULTS
Study Selection, Characteristics of Included Studies, and 
Critical Appraisal
Study Selection

The initial search identified 1,082 records. After duplicate removal 
and a tiered screening process, 38 studies were ultimately 
included in this systematic review. The detailed selection process 
is illustrated in Figure 1, the PRISMA flow diagram.

Characteristics of Included Studies

A total of 38 studies were included in this systematic review. 
The literature comprised 19 studies on SAK and 19 on IV. The 
SAK studies included 16 case reports or case series and 3 review 
articles. The IV studies consisted of 11 case reports or case series 
and 8 review articles. The publication dates of the included 
studies ranged from 2006 to 2024, and the studies originated 
from multiple countries across Asia, Europe, and North America. 
The reported SAK cases were primarily from China.

Critical Appraisal

Overall Findings: Critical appraisal using the JBI checklists 
demonstrated high methodological quality across the 16 SAK 
and 11 IV case reports or case series.

Strengths: Most case reports provided clear and comprehensive 
descriptions of clinical presentations and diagnostic processes.

Limitations: Commonly identified limitations included 
inadequate reporting of adverse events, a lack of standardized 
diagnostic criteria, and insufficiently defined follow-up 
duration. Notably, the relatively recent introduction of the term 
“SAK” may objectively explain the observed inconsistencies in 
reporting, a challenge that will likely be resolved as the disease 
entity becomes more established in the literature.

SAK

Epidemiology of SAK

First reported in Taiwan in 1991 but misdiagnosed as acral 
acanthosis nigricans, SAK has since been documented 
predominantly in Southern China, with sporadic 
cases reported in India, Japan, Europe, and the United 
States.2,5–9,11–13 SAK predominantly affects young male 
individuals. In 2014, an analysis of 71 patients with SAK 
(64 males and 7 females) reported by Li et al.1 determined 
a mean age at onset of 27±8.9 years (range, 20-40 years; 
male-to-female ratio, 9.1:1). However, no consensus exists 
regarding the contribution of occupational factors to SAK 
pathogenesis.

Figure 1. PRISMA flow diagram illustrating the study selection process. The diagram summarizes the identification, screening, 
eligibility assessment, and inclusion of records from database searches. Of the 1,082 records initially identified, 38 studies 
were ultimately included in the systematic review.
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Predisposing Factors of SAK

Current studies report conflicting data on familial and 
occupational contributions to SAK. Patients frequently report 
symptom exacerbation after chemical exposure. Notably, 
occupational analyses have shown a disproportionate 
prevalence of SAK among workers in the dyeing and 
finishing industries. Chemical agents are therefore implicated 
as potential predisposing or exacerbating factors in the 
pathogenesis of SAK.1,4

SAK demonstrates distinct seasonality, with symptom 
exacerbation in summer and remission in winter. Disease 
incidence peaks during warm months, consistent with clinical 
observations that warm, humid climates may potentiate SAK 
manifestations.2–4,7–9

Pathogenic Mechanisms Underlying SAK Manifestations

SAK is an autosomal dominant disorder caused by FLG 
mutations, with dysregulation of the OVOL1-FLG axis driving 
epidermal barrier dysfunction through the downregulation of 
differentiation complex proteins. Environmental factors, such 
as high temperature and humidity, increase skin hydration and 
perspiration, while FLG loss-of-function mutations impair barrier 
integrity. Together, these factors induce cutaneous microbiome 
dysbiosis, which underlies the clinical phenotypes of SAK.14–17

FLG, IVL, and OVOL1 expression is downregulated in SAK 
lesions compared with healthy controls. FLG loss-of-function 
mutations reduce the expression of FLG and IVL through 
the OVOL1 pathway, impairing skin barrier function. As 
components of the epidermal differentiation complex, FLG 
and IVL are essential elements of the cornified envelope.17 FLG 
plays a critical role in cutaneous microbiome homeostasis, 
barrier formation, and UV photoprotection.18 During the 
movement of cornified cells from the granular layer to the inner 
cornified layer, FLG promotes the collapse of cornified cells 
into an impermeable barrier. In addition, FLG is enzymatically 
metabolized in the upper stratum corneum and undergoes 
extensive degradation, releasing free amino acids that are 
essential for the synthesis of natural moisturizing factors 
(NMFs), a complex mixture of hygroscopic substances.19 FLG 
deficiency can impair skin barrier function and decrease NMFs, 
leading to hyperkeratosis and dry skin.19

Environmental factors contribute critically to SAK pathogenesis, 
with elevated temperature, humidity, and enclosed 
occupational microenvironments promoting cutaneous 
microbiome dysbiosis.1 Bacterial communities from SAK lesions 
demonstrated greater beta-diversity dispersion than those from 
healthy controls on principal coordinate analysis. The dominant 
phyla included Actinobacteria, Proteobacteria, Firmicutes, 

Bacteroidetes, and Thermi, and the key genera comprised 
Propionibacterium, Staphylococcus, Corynebacterium, 
Acinetobacter, Enhydrobacter, and Streptococcus. Patients 
with SAK exhibited decreased abundance of Actinobacteria, 
Streptococcus, Propionibacterium, and Neisseria, along with 
increased abundance of Proteobacteria, Acinetobacter, and 
Staphylococcus, compared with controls.17

SAK pathogenesis involves FLG loss-of-function mutations. 
Downregulated OVOL1-FLG axis activity reduces the 
expression of skin barrier proteins (FLG, IVL, and LOR) in 
lesional skin. Environmental factors that increase skin 
hydration and perspiration induce cutaneous microbiome 
dysbiosis, which synergizes with genetic defects to drive the 
clinical phenotype of SAK.

Clinical Features of SAK

Patients with SAK are often characterized by the following 
features:

1.	 Symmetrically distributed, hyperkeratotic brown papules 
on the extremities, typically involving the wrists, dorsal 
hands and feet, knees, and ankles, while sparing the palms 
and soles. These lesions exhibit xerotic, rough surfaces 
with accentuated skin markings and grooves (Fig. 2a).

2.	 Lesions exhibit transient aquagenic whitening after 
immersion in water and return to baseline after drying.

3.	 Lesions are typically asymptomatic.

4.	 The disease shows winter remission and summer 
exacerbation.

5.	 No underlying systemic comorbidities are present.1,3–5,8

Histopathological Morphology of SAK

The histopathological features of the skin lesions include the 
following:

1.	 Epidermal reticular basket-weave hyperkeratosis;

2.	 Acanthosis;

3.	 Papillomatosis;

4.	 Loosening of the stratum corneum after immersion, with 
the underlying epidermis unaffected;

5.	 Superficial dermal telangiectasia;

6.	 Lymphocytic infiltration at the dermoepidermal junction; 
and

7.	 Multiple variably sized vacuoles at the stratum corneum–
granulosum junction, along with increased basal 
melanocytes containing abundant melanosomes.1,3–5,7,9,13
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Ultrastructural Morphology of SAK

Ultrastructurally, perinuclear keratin tonofilament aggregates 
and partial desmosomal cleavage were observed in the 
stratum spinosum. Notably, the layers of the stratum corneum 
were increased.5,13,14,16

Treatment and Prognosis of SAK

No disease-specific therapies exist; therefore, management 
remains symptomatic. Preventive measures include avoiding 
hot and humid environments and chemicals, minimizing 
sweating and water exposure, and maintaining local dryness 
with appropriate emollients.1,2,4,6,7,11 For medical intervention, 
topical tretinoin monotherapy or corticosteroids have 
shown limited efficacy in some patients, although relapse is 
common.1 Transient improvement may occur with systemic 
agents, including ketoconazole, isotretinoin, or certain 
vitamins.8 Intradermal botulinum toxin type A (BT-A) injections 
have demonstrated efficacy in affected areas. As a potent 
inhibitor of acetylcholine release, BT-A has been shown to 
significantly improve lesion severity and alleviate symptoms 
in treated areas compared with untreated regions. Chiang et 

al.20 suggested that BT-A may be used as monotherapy or in 
combination with adjunctive treatments, such as emollients, 
particularly in cases of suboptimal therapeutic response. 

IV

Epidemiology of IV

Ichthyosis encompasses hereditary or acquired keratinization 
disorders characterized by defective keratinocyte differentiation 
and barrier dysfunction.21 Although epidemiological data 
suggest a high prevalence, comprehensive population-based 
studies remain limited, and most reports may overrepresent 
severe phenotypes. IV, the predominant hereditary form, 
accounts for more than 95% of all cases.21–24 The incidence 
of hereditary ichthyosis is likely underestimated because 
symptoms may improve with age and mild cases may be 
underreported. The current prevalence of both hereditary 
ichthyosis and IV remains undetermined.21,25 IV typically 
presents at birth, becomes fully manifest by age 5 years, and 
persists lifelong. IV shows no racial or sex predilection, but it 
is exacerbated in cold and dry climates, where its prevalence 
increases.10,22,24,26,27

Figure 2. Schematic illustration of the characteristic clinical distribution patterns of symmetrical acral keratoderma (SAK) and 
ichthyosis vulgaris (IV). (a) SAK: The diagram highlights the symmetric involvement of acral regions (black shading), including the 
dorsal hands, fingers, feet, wrists, knees, elbows, and ankles, with characteristic sparing of the palms and soles. A key diagnostic 
feature is transient aquagenic whitening after immersion in water. (b) IV: The diagram shows the predominant involvement of 
the extensor surfaces of the limbs, with additional lesions possible on the palms, soles, and buttocks (black shading). Flexural 
and moist areas, such as the axillae and antecubital and popliteal fossae (indicated by the arrow), are typically spared.

(a) (b)
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Predisposing Factors of IV

Adverse mood and neurodevelopmental comorbidities are 
common across dermatological conditions. Notably, patients 
with mood disorders show a higher lifetime prevalence of IV 
than the general population.27 In addition, the disease exhibits 
seasonal variation: symptoms tend to worsen during cold 
or dry winter periods and improve during warm or humid 
summer periods. This pattern may be associated with FLG 
hydrolysis, which is necessary for the formation of natural 
moisturizing factor (NMF) and occurs predominantly within a 
specific humidity range of 70%-95%.18,25,27

Pathogenic Mechanisms Underlying IV Manifestations

IV is a semidominant disorder caused by heterozygous FLG loss-
of-function mutations, with 83%-96% penetrance. Classified 
as retention hyperkeratosis due to impaired desquamation, 
IV lesions demonstrate epidermal barrier disruption, aberrant 
cornification, and elevated transepidermal water loss (TEWL), 
indicating compromised skin homeostasis.10,21,25,27–30

McLean et al.29 established IV as a semidominant disorder 
because of the high frequency of FLG mutations in European 
populations, such as approximately 9% heterozygosity in 
British and Irish cohorts, in which mild signs manifest under 
triggering conditions such as cold and dry weather.30,31 Studies 
have attributed incomplete penetrance to compensatory 
mechanisms, including partial rescue of NMF deficiency 
mediated by FLG-2. FLG-2 shares precursor sequence 
homology and expression patterns with FLG and converges 
on NMF formation. Experimental data from atopic dermatitis 
models, which similarly exhibit NMF deficiency, show reduced 
FLG-2 expression in both lesional and nonlesional skin. 
Analogously, FLG-2 contributes to NMF generation through 
similar proteolytic processing.18,25

The spectrum of FLG mutations differs across ethnicities. 
In Europeans, R501X and 2282del4 predominate, whereas 
3321delA is the most frequent among more than 30 
identified mutations in Asians, although with a lower 
population prevalence.10,21 R501X and 2282del4, which are 
predicted to yield a truncated or aberrant protein or its 
complete absence because of nonsense-mediated mRNA 
decay or degradation of an aberrant protein, occur within 
the large (>12 kb) exon 3. This exon encodes most of the 
profilaggrin polypeptide.10 Despite current challenges in 
amplifying FLG genes by polymerase chain reaction (PCR) 
because of their repetitive structure, the identification of 
FLG mutant genotypes, including nonsense and frameshift 
variants, through next-generation sequencing supports 
further exploration of exon 3.10,30,32–34

Clinical Features of IV

Lesions typically affect the extensor surfaces of the limbs (Fig. 
2b) and present as polygonal or diamond-shaped “scales,” as 
reflected by the term “ichthyosis,” which is derived from “ichthys,” 
an ancient Greek root meaning fish.25 These white-to-gray scales 
exhibit central attachment with upturned edges and show 
variable distribution across and within anatomical regions.24,25,32 
The distribution of lesions follows a dichotomous pattern: lower 
limbs > upper limbs and extensor surfaces > flexor surfaces. 
Palmoplantar involvement manifests as hyperkeratosis and 
scaly desquamation. On the trunk, the dorsal surfaces are more 
severely affected than the ventral regions. However, lesions are 
milder in warm, moist areas, such as the axillae, antecubital 
and popliteal fossae, and groin.10,24,25,27,28 Facial involvement is 
typically minimal. Disease severity ranges from subtle xerosis 
and roughness to prominent plate-like scaling, with scale 
coloration reflecting the underlying skin pigmentation.25

Palmoplantar skin exhibits hyperkeratosis with fissure-prone 
plaques, causing xerosis-induced pain.24,25,28,32

Follicular keratotic papules typically occur on the extensor 
surfaces, particularly the upper arms and thighs, and occasionally 
on the cheeks, appearing as either follicular prominences or 
hyperpigmented macules depending on severity.24,25,32

Histopathological Morphology of IV

The main histopathological features of IV include the 
following: 1) moderate orthohyperkeratosis or basket-weave 
hyperkeratosis; 2) focal parakeratosis with follicular plugging; 
3) sebaceous and eccrine gland atrophy; and 4) unremarkable 
sweat glands and hair follicles.10,25,28,35,36

Ultrastructural Features of IV

The ultrastructural features of IV include the following:

1.	 Reduced corneodesmosome density with defective 
secretion;10

2.	 Diminished or absent friable or spongy keratohyalin 
granules in the granular layer;

3.	 Normal keratinization in the hyperkeratotic stratum 
corneum;25

4.	 Perinuclear keratin retraction within granular cells;28

5.	 Increased layers of the stratum corneum;

6.	 Uniform keratin density, a continuous keratin capsule, and 
reduced or absent keratohyalin granules in the granular 
layer; and

7.	 Reduced lipid granules.36
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Treatment and Prognosis of IV

General management involves hydrating baths, stress 
reduction, and mood optimization.23,26,28 Dietary modification 
guided by food-sensitivity testing, with adjunctive 
supplementation such as fish oil, vitamin D, and probiotics, 
has demonstrated efficacy in patients with IV.37

Pharmacotherapy focuses on promoting hydration and 
preventing evaporation. Alpha-hydroxy acids provide 
hydration and induce keratolysis through corneocyte 
disaggregation, whereas moisturizers prevent evaporation but 
do not alter FLG gene expression, regardless of genotype.25,38 
Topical tretinoin and retinoids suppress keratin synthesis, as 
do 70% glycolic acid peels.25,32

Potentially Shared Therapeutic Elements in SAK and IV
The pathogenesis of SAK remains poorly understood, and 
limited therapeutic options are currently available. As 
previously discussed, a significant proportion of patients with 
SAK present with concomitant IV, and these two conditions 
share overlapping pathogenic mechanisms. Although no 
curative treatments exist for IV, several effective disease-
controlling approaches have been established. Consequently, 
repurposing IV therapeutics for SAK management holds 
considerable promise.

FLG protein deficiency is a well-documented pathogenic 
factor common to both SAK and IV and clinically manifests 
as prominent xerosis. Therefore, maintaining appropriate 
environmental humidity and using topical moisturizers, such 
as vitamin E cream, as part of IV therapy may also be effective in 
managing SAK, as demonstrated in previous studies.1–7,23–26,38–40

Tretinoin cream, a topical therapeutic agent for IV, has long 
been integrated into clinical practice. In addition to its well-
documented ability to induce epidermal hyperplasia, promote 
the differentiation of epidermal granular layer cells into the 
stratum corneum, and regulate abnormal keratinization 
in the follicular sebaceous gland epithelium to eliminate 
keratin plugs, emerging studies suggest that tretinoin may 
modulate melanogenesis within melanocytes. Notably, it 
inhibits enzymatic activities, including tyrosine hydroxylase 
and dihydroxyindole oxidase, thereby attenuating melanin 
synthesis and mitigating cutaneous hyperpigmentation. This 
pharmacological mechanism may provide optimal control of 
pigmentary manifestations in SAK, although no studies have 
confirmed this to date.1–7,23–26,38–40

Alpha-hydroxy acids (AHAs) are widely used in topical 
therapy for IV because of their potent moisturizing effects. 
At higher concentrations, AHAs induce desquamation 
and keratolysis, significantly improving xerosis, fine 

wrinkles, and hyperpigmentation while enhancing skin 
smoothness, suppleness, and elasticity. In addition, studies 
have demonstrated the efficacy of AHAs in ameliorating 
dyspigmentation and increasing dermal glycosaminoglycan 
content. Their substantial therapeutic effects on hyperkeratosis 
and pigmentation disorders suggest promising applicability 
for SAK management.41–45

In conclusion, some medications already used for IV therapy 
may also be potentially effective for the treatment of SAK.

DISCUSSION
Overall, SAK and IV are hyperkeratotic disorders associated 
with genetic and environmental factors. Both manifest as 
increased transepidermal water loss (TEWL) due to epidermal 
barrier dysfunction.46

SAK predominantly affects young and middle-aged males, with 
a significant male predominance, whereas IV typically presents 
in infancy, often after birth, with overt symptoms manifesting 
by age 5 years. The prevalence of IV decreases over time, and 
no racial or sex predilection has been reported. Environmental 
triggers also differ: SAK is exacerbated by chemical exposure 
and warm, humid environments, whereas IV worsens in cold, 
dry conditions and with psychological stressors. Thus, SAK and 
IV demonstrate distinct onset patterns, age distributions, and 
opposing environmental susceptibilities.

Pathogenetically, SAK arises from a multifactorial cascade 
initiated by FLG loss-of-function mutations, leading to 
cytokeratin disorganization within epidermal keratinocytes, 
pathological melanosome aggregation in the basal and 
suprabasal layers, and consequent barrier dysfunction, as 
evidenced by elevated TEWL measurements. IV arises from 
profilaggrin deficiency caused by FLG loss-of-function 
mutations and reduced FLG mRNA expression. Although both 
disorders involve FLG loss-of-function, there is insufficient 
evidence to establish mutation site-specific causality.

Clinically, SAK manifests as symmetrically distributed, 
hyperkeratotic brownish maculopapular eruptions 
predominantly affecting acral surfaces. It is characteristically 
asymptomatic, shows diagnostic palmoplantar sparing, 
exhibits a predilection for the dorsal extremities, and notably 
spares the volar regions. Characteristic aquagenic whitening 
occurs after immersion and resolves upon drying. IV presents 
with polygonal or diamond-shaped scales with central 
attachment and upturned edges, along with keratosis pilaris, 
with greater involvement of the lower limbs than the upper 
limbs and possible palmoplantar involvement. Although both 
disorders demonstrate hyperkeratosis, SAK uniquely exhibits 
immersion-induced whitening. Palmoplantar involvement 
patterns further differentiate these entities.
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Table 1. Comparison of characteristics between SAK and IV

Characteristic SAK IV

Gender
More common in males, with a male-to-female ratio 

of 9.1:1.1,3,4
No significant sex difference.10,23

Age at onset Mainly affects young and middle-aged individuals.1
Usually begins in infancy and presents with distinctive 

manifestations by age 5 years.10,23

Geographical 

characteristics

Generally more common in coastal areas with 

hot and humid climates, with a tendency toward 

sporadic onset.1–5,8

More common in regions with cold, dry climates.28

Seasonal characteristics Develops in summer and improves in winter.1,2,4 Develops in winter and improves in summer.28

Race

Mainly reported in Han Chinese individuals from 

Southern China, with a small number of cases 

reported from India, Japan, Europe, and the United 

States to date.2,5–9,11,12

No significant racial difference.10,23

Predisposing factors Chemical exposure and hot, humid climates.1,3,4 Cold and dry climates.17,26,28

Clinical manifestations

1) Primary lesions: Well-demarcated, brownish 

hyperkeratotic plaques. 2) Key characteristics: 

Aquagenic whitening, with lesions turning white 

after water exposure; smooth surface with fissures 

in chronic cases. 3) Subjective symptoms: Typically 

asymptomatic; mild pruritus may occur if fissures are 

present.1,3–5,8

1) Primary lesions: Polygonal scales measuring 1–10 

mm and resembling fish scales. 2) Key characteristics: 

Hyperlinear palms and soles; keratosis pilaris on the 

arms and thighs. 3) Subjective symptoms: Pruritus 

secondary to xerosis; painful fissures in severe 

cases.25,26,29,34

Key distribution 

characteristics

Acral predominance, involving the wrists, dorsal 

hands and feet, knees, and ankles, with sparing of 

the palms and soles.1,3,4

Preference for extensor surfaces: lower limbs > upper 

limbs and extensor surfaces > flexor surfaces. The palms 

and soles may show hyperkeratosis and scaling.10,25,26,28,29

Typical 

histopathological 

morphology

1) Hyperkeratosis; 2) Mild elongation of the rete 

ridges; 3) Acanthosis; 4) Hypergranulosis; 5) 

Increased basal layer melanocytes with abundant 

cytoplasmic melanosomes; 6) Dermal papillary 

edema; 7) Capillary dilation; and 8) Mild perivascular 

lymphocytic infiltration in the superficial 

dermis.1,3–5,7,9,13

1) Basket-weave hyperkeratosis; 2) Adherent scales; 3) 

Hypogranulosis or agranulosis; 4) Follicular plugging; 

5) Shortening of the rete ridges; and 6) No significant 

dermal changes.10,26,29,38

Key ultrastructural 

alterations

1) Stratum spinosum: Tight perinuclear aggregates 

of keratin tonofilaments and partial cleavage of 

desmosomes. 2) Stratum corneum: Increased 

number of layers.5,13

1) Granular layer: Reduction or absence of keratohyalin 

granules and perinuclear keratin retraction in 

keratinocytes. 2) Stratum corneum: Decreased 

corneodesmosome density with defective loading, 

increased number of layers, uniform keratin density, and 

a continuous cornified envelope. 3) Lipid metabolism: 

Decreased lipid granules.10,26,29,38

Genetic model Autosomal dominant inheritance.16 Autosomal semidominant inheritance.28
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Histopathological examination reveals a defining divergence. 
Although both entities exhibit characteristic basket-weave 
hyperkeratosis and compact orthokeratotic thickening of 
the stratum corneum, IV distinctively demonstrates a marked 
reduction or absence of keratohyalin granules accompanied 
by irregularly distributed parakeratotic foci within the stratum 
granulosum. Conversely, SAK demonstrates papillomatosis, 
acanthosis, and increased melanin or melanocytes. 
Ultrastructural analysis enables further differentiation.

Therapeutic management principles differ significantly. SAK 
lesions clinically require strict avoidance of environmental 
humidity, whereas IV requires proactive prevention of xerosis 
through targeted barrier repair strategies. Symptomatic 
treatment controls disease progression in both conditions. 
Prognostically, SAK shows a tendency to relapse in summer, 
whereas IV symptoms attenuate with age. Neither disorder 
affects life expectancy, although both compromise quality of 
life (Table 1).

Key aspects of the SAK-IV association remain unclear. Although 
FLG mutations represent a shared etiology, their differential 
clinicopathological expression requires further mechanistic 
investigation. Cutaneous microbiota and metabolites 
represent an emerging research focus, particularly with regard 

to comparative lesional microbiome signatures between 
these disorders. These research priorities warrant systematic 
investigation. Future studies should elucidate the pathogenesis 
of SAK and its relationship with IV and related disorders. A 
comprehensively integrated multiomics analytical framework, 
strategically incorporating whole-exome sequencing 
(WES), whole-genome sequencing (WGS), mitochondrial 
genome profiling (mtDNA-seq), intronic region interrogation, 
proteomic characterization, metabolomic mapping, 
epigenome-wide methylation mapping, and high-resolution 
immunophenotyping, will help delineate the molecular 
pathophysiology underlying SAK and IV. This paradigm may 
enable the following: (1) deciphering multidimensional 
cross-omics regulatory networks; (2) identifying critical 
pathophysiological nodes; and (3) establishing evidence-
based foundations for precision therapeutic development 
through advanced multimodal data integration.

Limitations

This systematic review has several limitations that should be 
considered when interpreting the findings. First, the available 
literature on SAK primarily consists of observational studies, 
such as case series and case reports, with an inherent lack of 
high-quality controlled cohorts. This limits the strength of 

Table 1 (cont). Comparison of characteristics between SAK and IV

Characteristic SAK IV

Reported pathogenic 

genes and mutations

FLG, RBP3, BRCA2, and epidermal aquaporin-3. 

Reported mutations include c.3321del, c.7945del, 

and c.6950_6957delCATCCCAT in China; and 

c.3320del, c.4909del, c.3099C>G, c.4544C>A, 

c.6950_6957del, c.7264G>T, c.7945del, c.8117C>G, 

and c.12064A>T.6,11,14,16,42,43

FLG. Reported mutations include c.2282del” with 

“c.2282del4, mainly in individuals of Northern European 

descent, and c.3321del, which is prevalent in Japan and 

China.28,29

Therapy and prognosis

Topical treatments: 1) 3%–5% salicylic acid 

ointment to soften thickened keratin and mitigate 

posthydration whitening; 2) Retinoids, such as 

tazarotene, to inhibit hyperkeratosis, with cautious 

application to minimize irritation; and 3) Moderate-

potency corticosteroids, such as mometasone 

cream. Systemic treatments: 1) Retinoids, which 

are rarely used and limited to short-term oral 

administration for severe cases, such as acitretin; 2) 

Immunomodulators, which may be considered, such 

as low-dose glucocorticoids; and 3) Antihistamines, 

such as cetirizine, for pruritus relief.1,2,4,6,7,13,21

Topical treatments: 1) Moisturizing and repair with 

ceramide-, glycerin-, or petrolatum-based formulations; 

2) Gentle exfoliation with α-hydroxy acids, such as 

lactic acid; and 3) Low-concentration urea (<10%) to 

achieve mild desquamation while avoiding irritation 

associated with higher concentrations. Systemic 

treatments: 1) Retinoids, which are commonly used, 

especially in winter, including acitretin and isotretinoin; 

2) Immunomodulators, which are very rarely used; 

and 3) Antihistamines, which are seldom used unless 

complicated by urticaria.24,26,27,29

SAK: Symmetrical acral keratoderma; IV: Ichthyosis vulgaris.
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causal inferences that can be drawn regarding its pathogenesis 
and association with IV. Second, our search was limited to 
articles published in English and Chinese, which may have 
introduced language bias and omitted relevant studies 
published in other languages. Furthermore, heterogeneity 
in reporting standards and data completeness across the 
included studies posed challenges for direct, standardized 
comparisons of all clinical and histopathological parameters. 
Finally, as with any systematic review, the possibility of 
publication bias cannot be entirely ruled out, as studies with 
positive or significant findings are more likely to be published.

CONCLUSION
In conclusion, this systematic comparative analysis provides a 
comprehensive multidimensional characterization of SAK and 
IV, elucidating their shared epidemiological patterns, etiological 
triggers, pathogenic mechanisms, histomorphological features, 
clinical presentations, therapeutic approaches, and prognostic 
trajectories. Critically, their distinct clinicopathological profiles 
and divergent reporting patterns support their nosological 
distinction as independent dermatological entities.
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Photocoagulation and Intravitreal Anti-Vascular 
Endothelial Growth Factor Injection for the Treatment of 
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Objective: To compare the success and reactivation rates between laser photocoagulation 
and intravitreal anti-VEGF injection for the treatment of retinopathy of prematurity (ROP).
Materials and Methods: A total of 434 patients with ROP were included in the study, 
with 299 treated with laser photocoagulation (group 1) and 135 treated with intravitreal 
anti-VEGF injection (group 2). Outcome measures included birth weight, gestational age, 
disease stage, presence of plus disease, type of first intervention, time of postpartum ROP 
onset, date and time of recurrence after the first intervention, type of second intervention 
following recurrence, and sex.
Results: Laser photocoagulation (LP) was performed in 299 premature patients, and 
intravitreal anti-VEGF injection was the first intervention in 135 patients. The overall 
reactivation rate for ROP after treatment was 6.5% (n=28). The reactivation rates for group 
1 and group 2 were 3.7% (n=11) and 12.6% (n=17), respectively, with the difference being 
significant (p<0.001). Over the past 11 years, there has been a shift from laser treatment to 
anti-VEGF therapy, with anti-VEGF therapy linked to a 3.77-fold higher risk of reactivation. 
Low birth weight, low gestational age, and aggressive posterior ROP were identified as 
factors contributing to an elevated risk of reactivation. The median time to reactivation was 
similar for both group 1 and group 2 patients (p>0.05).
Conclusion: Both laser application and anti-VEGF injection were effective for the treatment 
of ROP. However, initial LP has a lower reactivation rate.
Keywords: Anti-vascular endothelial growth factor, laser, reactivation, retinopathy of 
prematurity, success rate.
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ABSTRACT

INTRODUCTION
Retinopathy of prematurity (ROP) is a disease characterized by the abnormal proliferation of 
retinal vasculature in premature infants, which can lead to blindness. The global prevalence 
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of blindness attributable to ROP is 1 in 50,000 cases.1 Birth 
weight (BW) and gestational age (GA) have consistently 
been shown to be the primary risk factors for ROP. Advances 
in neonatal care, ROP screening programs, and treatments 
have reduced ROP-related blindness by 3% to 11% of 
childhood blindness.2

In premature infants, normal vascular development is 
disrupted by preterm birth. Vascular endothelial growth 
factor (VEGF) and hypoxia-inducible factor-1-alpha (HIF-
1α) are released from avascular retinal tissue, inducing 
neovascularization. This neovascularization can progressively 
lead to tractional retinal detachment over time.3-5 Treatment 
decisions for ROP are based on disease stage, retinal zone, 
and the presence of plus disease. Current treatment options 
include laser photocoagulation (LP) and intravitreal anti-VEGF 
injections.2,6 LP therapy reduces VEGF secretion by ablating 
the avascular retina, while anti-VEGF agents block VEGF.7

This study aimed to compare the success rates between LP 
and anti-VEGF injections for the treatment of premature 
infants with ROP in a tertiary care center over the past 11 
years and to evaluate the impact of multiple risk factors on 
these outcomes.

MATERIALS AND METHODS
Medical records of patients who underwent LP (group 1) or 
anti-VEGF injections (group 2) for the treatment of retinopathy 
of prematurity (ROP) were retrospectively reviewed in this 
cohort study at the Medical and Surgical Retina Service of 
Erciyes University Medical Faculty between 2011 and 2021. 
All procedures performed on human subjects complied with 
the Helsinki Declaration of 1964. The study was approved 
by the Erciyes University Clinical Research Ethics Committee 
(Approval Number: 2023/117, Date: 08.02.2023).

The International Classification of ROP, second edition 
(ICROP2), was used to define the disease stage of ROP.8 In 
Turkey, all infants with a GA below 34 weeks or BW ≤1700 
grams should be screened for ROP according to the 
criteria established by the Turkish Society of Neonatology 
and the Turkish Society of Ophthalmology.9 Criteria for 
discontinuation of ROP follow-up included complete 
retinal vascularization up to the ora serrata and peripheral 
zone III vascularization in the absence of previous zone 
I or II ROP. Treatment requiring reactivation was defined 
as the development of new stage 3 disease (extraretinal 
neovascularization) at a new or previous ridge, or new plus 
disease with marked vascular dilatation and tortuosity after 
initial post-treatment remission. The first regression was 
accepted as the regression of plus disease and extraretinal 
neovascularization. Additional treatments within 2 weeks 

after the first laser treatment for skip areas were not classified 
as reactivation. Initial treatments were performed bilaterally, 
and reactivation in either eye was accepted as a reactivation 
criterion. The success of the study was defined as complete 
retinal vascularization with an attached retina.

The treatment decision was made according to the 
Early Treatment for Retinopathy of Prematurity (ETROP) 
recommendations.10 After diagnosis, therapeutic intervention 
was initiated within 24 hours for aggressive posterior ROP 
(APROP) and within 48 hours for other treatment-requiring 
stages of ROP. All LP procedures were performed under 
general anesthesia.

The protocol for group 1 eyes receiving LP was as follows: 
before laser ablation, pupils were dilated with 0.5% 
cyclopentolate and 2.5% phenylephrine eye drops. Ablation 
was performed with an 810 nm diode laser attached to an 
indirect ophthalmoscope (Iridex Corporation, Germany) 
using a 28 D lens. The entire avascular retina was treated with 
adjacent laser burns. The laser power was adjusted to produce 
slightly whitish laser burns while avoiding overly white-
hot burns. Topical dexamethasone drops were prescribed 
postoperatively.

The anti-VEGF injection protocol for group 2 eyes was as 
follows: After applying 10% povidone-iodine (PI) to the skin, 
5% PI was applied to the ocular surface and conjunctival sac, 
which was allowed to settle for 3 minutes. An intravitreal 
injection was then administered using a 30-G needle inserted 
perpendicularly to the eye, 1 mm posterior to the limbus. The 
administered dose of the anti-VEGF agent was 0.625 mg/0.025 
mL for bevacizumab and 0.25 mg/0.025 mL for ranibizumab 
(Lucentis, Novartis Pharma GmbH, Nuremberg, Germany). All 
intravitreal injections were performed under an operating 
microscope, and moxifloxacin eye drops were prescribed for 
ten days postoperatively.

KEY MESSAGES

•	 Both laser therapy and anti-VEGF therapy were 
effective as first-line treatments and rescue treatments 
after reactivation for ROP.

•	 The overall reactivation rate after treatment was 6.5%. 
Anti-VEGF therapy was associated with a 3.77-fold 
increased risk of reactivation.

•	 Low birth weight, low gestational age, and APROP 
were associated with a higher risk of reactivation. The 
median time to reactivation was similar in both the 
laser and anti-VEGF groups.
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Statistical Analysis
The outcome measures for both groups included BW, 
GA, disease stage, presence of plus disease, type of first 
intervention, time of postpartum ROP onset, date and time 
of recurrence after the first intervention, type of second 
intervention following recurrence, and gender. Statistical 
analysis was performed using SPSS version 22 (IBM, Chicago, 
USA). The Kolmogorov-Smirnov normality test was applied to 
the dataset. Pearson’s chi-square and Fisher’s exact tests were 
used for nominal and ordinal data. The Kaplan-Meier method 
was employed to estimate the median time to onset of 
primary ROP and reactivated ROP. The log-rank test was used 
to compare the median difference in reactivation time after 
the first intervention between LP and anti-VEGF injection. 
Univariate and multivariate logistic regression analyses were 
performed to evaluate the relationship between GA, BW, and 
the occurrence of recurrence. Data are presented as mean ± 
standard deviation or median (25–75% interquartile range).

RESULTS
A total of 434 infants (247 boys, 187 girls) treated for 
retinopathy of prematurity (ROP) were included in the study. 
The median BW was 1050 grams (range: 875–1350) and the 
median GA was 28 weeks (range: 26–30). Sixteen patients had 
stage 2+ plus disease (3.7%), 312 (71.9%) had stage 3+ plus 
disease (36.9%), and 106 APROP disease (24.4%).

The median time to ROP onset was the 8th week (95% CI: 7.6–
8.3) after birth (Fig. 1). LP was performed in 299 patients, and 
anti-VEGF treatment was administered as the first intervention 
in 135 patients. The overall reactivation rate for ROP after 
treatment occurred in 28 (6.5%) patients (Fig. 1). However, when 
the reactivation rates were compared between the two groups, 
eyes treated with LP had a lower estimated reactivation rate 
(3.7%, n=11) compared to eyes treated with anti-VEGF (12.6%, 

n=17), and the difference was significant (p<0.001) (odds ratio: 
0.265, 95% CI: 0.121–0.543) (Fig. 1). The median reactivation time 
after the first procedure was 9 weeks (95% CI: 7.7–10.2), with no 
significant difference (p=0.170) between LP [8th week (95% CI: 
4.7–11.2)] and anti-VEGF injection [10th week (95% CI: 8.4–11.5)] 
regarding the median reactivation time after the first procedure 
in patients with reactivated ROP.

Reactivation was observed in 13 of 119 (10.9%) bevacizumab-
treated infants and 4 (25%) of 16 ranibizumab-treated infants 
(p=0.111). There was no significant difference in the risk of 
reactivation between bevacizumab and ranibizumab (odds 
ratio: 0.368, 95% CI: 0.103–1.134, p=0.245). The median time 
to reactivation after bevacizumab and ranibizumab was the 
10th week (95% CI: 8.8–11.1) and 8th week (95% CI: 6.0–9.9), 
respectively (p=0.315).

When reactivation rates were evaluated according to the 
stages of ROP, there was no reactivation in stage 2+ plus 
disease, 3.2% (10/312) in stage 3+ plus disease, and 17.0% 
(18/106) in APROP (p<0.001). The post hoc comparison of 
reactivation rates by stage is shown in Table 1. There was no 
difference between LP and anti-VEGF therapy when evaluating 
the risk of ROP reactivation for the first intervention by stage 

Figure 1. Kaplan-Meier estimates for the onset of ROP and reactivation of ROP after the first intervention.

Table 1. Post-hoc comparison of reactivation rate by stage

Comparison p

Bonferroni 

adjusted 

p-value

Stage 2+ plus disease - Stage 3+ plus disease <0.001 0.467

Stage 2+ plus disease - APROP 0.074

Stage 3+ plus disease - APROP <0.001

APROP: Aggressive posterior retinopathy of prematurity.
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(Table 2). Reactivation rates by ROP stage and intervention 
type are shown in Figure 2 and Table 2.

LP as a second intervention was performed in 10 of 17 patients 
who reactivated after anti-VEGF injection; re-injection as 
a second intervention was performed in the remaining 7 
patients. In 11 reactivated ROP patients treated with LP as the 
first intervention, 7 received anti-VEGF injection as a second 
intervention, and 4 received LP. None of the patients treated 
for reactivation had a second reactivation during follow-up.

BW was categorized into two groups (≤1000 g vs >1000 g). In 
univariate logistic regression, BW ≤1000 g was associated with 
higher odds of ROP reactivation (odds ratio [OR] 5.23, 95% 
confidence interval [CI] 1.93–14.18; p<0.001). Each additional 
week of GA was associated with lower odds of reactivation (OR 
0.77, 95% CI 0.64–0.94; p<0.001). In the multivariable logistic 
regression model including both BW and GA, BW ≤1000 g 
remained associated with higher odds of reactivation (OR 4.21, 
95% CI 1.19–14.90; p=0.026), whereas GA was not significantly 
associated with reactivation (OR 1.07, 95% CI 0.83–1.37; p=0.605).

The change in the initial treatment approach by year is shown 
in Figure 3a, and the reactivation rates by year are shown in 
Figure 3b. Over the years, the rate of LP has decreased, and 
anti-VEGF therapy appears to have become the predominant 
treatment.

Two patients treated with LP underwent surgery due to 
progression to stage 4 disease. One patient treated with anti-
VEGF injection developed pre-macular fibrosis and underwent 
vitreoretinal surgery for an epiretinal membrane. These 
patients were referred from other clinics due to late-stage 3+ 
plus disease or APROP. They were considered as progression 
cases and were not included in the reactivation analysis of 
the 434 patients. One patient experienced anterior segment 
ischemia, and one patient had a corneal burn after LP.

As this was a retrospective comparative cohort study, no sample 
size calculation was performed before the study. A post hoc 
power analysis was performed using the observed reactivation 
rates (LP: 11/299 [3.7%] vs anti-VEGF: 17/135 [12.6%]) with 

a two-sided α=0.05 for the between-group comparison of 
proportions. Using Cohen’s h effect size (0.34) and the effective 
sample size (93.0), the achieved power was 90.6%.

DISCUSSION
Both LP and anti-VEGF injections are commonly used for 
the treatment of retinopathy of prematurity (ROP).6,11,12 
The reactivation rate of LP treatment applied for stage 3+ 
disease in the BEAT-ROP trial was 26%,4 and there was a 17.4% 
reactivation rate following LP treatment for APROP disease.13 
The rate of adverse outcomes for patients with type 1 ROP 
treated with LP in the ETROP study was reported as 9.1%.14 The 
reactivation rate observed with bevacizumab treatment in the 
BEAT-ROP study was 6%, and LP was associated with a 5.88-
fold higher risk of reactivation.4 Although the RAINBOW study 
showed that the reactivation rate with ranibizumab therapy 
was lower than with LP therapy in stage 3+ disease, the risk of 

Figure 2. Reactivation rates by stage of ROP.

Table 2. Reactivation rates by ROP stage and initial intervention

ROP stage Stage 2+ plus disease Stage 3+ plus disease APROP All stages

Intervention Laser Anti-VEGF Laser Anti-VEGF Laser Anti-VEGF Laser Anti-VEGF

Reactivated disease – – 6 (2.3%) 4 (7.0%) 5 (16.0%) 13 (17.0%) 11 (3.7%) 17 (12.6%)

No reactivation 13 3 249 (97.7%) 53 (93.0%) 26 (84.0%) 62 (83.0%) 288 (96.3%) 118 (87.4%)

p value* – 0.07 0.881 <0.001

*: Chi-square test for treatment selection. APROP: Aggressive posterior retinopathy of prematurity; VEGF: Vascular endothelial growth factor.
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reactivation was statistically similar.15 In this study, the overall 
reactivation rate for ROP after treatment was 6.5% (n=28).

A recent network meta-analysis compared the reactivation 
rates of bevacizumab, ranibizumab, aflibercept, and 
LP therapy and found that LP therapy was superior to 
ranibizumab treatment in zone I and II ROP. Bevacizumab 
therapy was associated with less reactivation than LP therapy 
in zone I ROP.6 Fewer ocular side effects have been reported 
with anti-VEGF therapy in zone I disease compared to LP.16,17 
In our study, LP was associated with a lower estimated risk 
of reactivation compared to anti-VEGF therapy (Table 2). The 
relatively lower reactivation rate with LP therapy may be due 

to more proactive treatment decisions by ROP specialists. 
Other possible reasons may include differences between 
pediatric units in various medical centers.18 A network meta-
analysis found no statistical differences between the ranking 
probabilities of three anti-VEGF agents.6 Bevacizumab 
remains the most commonly used agent for off-label 
treatment, while ranibizumab is an FDA-approved agent 
based on the RAINBOW trial.15 However, there is still no 
consensus in the literature regarding which anti-VEGF agent 
should be used. Additionally, the appropriate dose of anti-
VEGF for ROP treatment remains a topic of debate.

The median reactivation time after initial treatment was 
the 8th week for LP therapy and the 10th week for anti-
VEGF treatment (8th week for ranibizumab, 10th week for 
bevacizumab) in this study. In the BEAT-ROP trial, the median 
reactivation time was 6.4–6.8 weeks for LP therapy and 14.4–
19.2 weeks for bevacizumab therapy.4 In the RAINBOW trial, 
the median reactivation time was the 8th week for ranibizumab 
therapy.15 Another report showed an earlier reactivation time 
for ranibizumab compared to bevacizumab.19 In the network 
meta-analysis, the median reactivation time was longer for 
bevacizumab therapy than for ranibizumab therapy.6 The 
main advantage of anti-VEGF therapies over LP therapy is 
the rapid clearance of VEGF from the vitreous and the quick 
regression of the disease.20 Additionally, bevacizumab is 
cleared from the vitreous later than ranibizumab.21-24 LP 
therapy destroys the VEGF-producing avascular retina but 
does not have an immediate effect on secreted VEGF.25 
Because VEGF may not be completely blocked with LP 
therapy compared to anti-VEGF therapy, the reactivation 
threshold may have been reached earlier. Although not 
statistically significant, it can be predicted that the median 
reactivation time would be shorter for LP therapy, followed 
by ranibizumab and bevacizumab, respectively.

In a retrospective analysis of 436 premature infants in the 
intensive care unit, risk factors for ROP were evaluated 
using multivariate regression, and it was reported that the 
most effective variable was GA, followed by BW.26 In a study 
evaluating risk factors for progression to stages 4 and 5 in ROP 
patients who received LP treatment, sepsis, oxygen therapy, 
and a history of mechanical ventilation were found to be 
effective factors.27 Our analysis further showed that BW and 
GA may also be effective in predicting reactivation of ROP.

In our center, there was a trend toward anti-VEGF treatment 
over LP over the last 11 years. This finding is similar to a 
previously published study that described treatment trends 
from 2001 to 2017 in Germany.28 Over the years, anti-VEGF 
injections have gained increasing acceptance in the treatment 
of ROP. The advantages of anti-VEGF therapy over LP therapy 

Figure 3. (a) Rates of laser photocoagulation therapy and 
anti-VEGF therapy by year. (b) Reactivation rates by year.

(a)

(b)
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include a lower requirement for technical expertise, a reduced 
risk of myopia progression, the potential for continued retinal 
vascularization, and possibly improved peripheral vision.29,30 
Additionally, during the COVID-19 pandemic, anti-VEGF 
injections allowed for a shorter procedure time, reducing 
the risk to operating room staff. An asymptomatic COVID-19-
positive patient requiring treatment for ROP could be rapidly 
treated with anti-VEGF under topical anesthesia in our study in 
2020. In our series, anti-VEGF was the most preferred treatment 
in 2021. However, reactivation after anti-VEGF remains an 
important issue, and even when reactivation occurs after anti-
VEGF treatment, it usually happens in a new peripheral ridge, 
which allows for less retinal ablation if LP therapy is chosen as 
an additional treatment.

When comparing reactivation rates between stages, a 
significantly higher reactivation rate was observed in APROP 
compared to stage 3 disease (Table 1). Stage 2 disease with 
plus is generally a posterior disease, which may explain why 
the activation rate was not significantly different compared 
to APROP. The increased reactivation rate in APROP may be 
attributed to the highly posterior localization of the disease in 
zone I and posterior zone II. APROP patients had a larger extent 
of avascular retinal area, which may contribute to a higher 
degree of VEGF upregulation after anti-VEGF therapy. Even after 
LP therapy, a longer duration may be required for VEGF to be 
cleared. This could explain the higher reactivation rate after 
treatment of APROP disease. However, the choice of treatment 
for each stage did not affect the reactivation rate. Indeed, there 
was no difference in reactivation rates between LP and anti-VEGF 
treatment for APROP (Table 2). APROP is a very active posterior 
disease with no significant ridge in a zone, so the zone of the 
disease may be more important than the stage of the ridge.

The primary limitation of this study was its retrospective 
design. However, the strength of this study lies in its large 
sample size and single-center setting, with consistent follow-
up and treatment protocols.

CONCLUSION
This study demonstrated that both LP and anti-VEGF therapy 
were effective options for the treatment of retinopathy of 
prematurity (ROP). They also served effectively as rescue 
treatments in reactivated patients. The overall reactivation rate 
following treatment was observed to be 6.5%. The reactivation 
rate was 3.7% in the LP group and 12.7% in the anti-VEGF 
group. Anti-VEGF therapy was linked to a 3.77-fold higher risk 
of reactivation. Low BW, low GA, and APROP were found to be 
factors associated with a higher risk of reactivation. The median 
time to reactivation was similar in the LP and anti-VEGF groups. 
However, further research with longer follow-up is needed, as 
late reactivation can occur with anti-VEGF therapy.
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Objective: This study investigated the associations between functional status, pain, 
mandibular range of motion (ROM), neck disability, and quality of life (QoL) in individuals 
with temporomandibular joint disorders (TMDs).
Materials and Methods: This study included 54 adults previously diagnosed with TMD. 
Mandibular function was assessed using the Mandibular Function Impairment Questionnaire 
(MFIQ), and pain intensity was rated using the Visual Analog Scale (VAS). Mandibular ROM 
was measured with digital calipers. Neck-related functional limitation was assessed using 
the Neck Disability Index, and participants’ QoL was evaluated using the World Health 
Organization Quality of Life-BREF (WHOQOL-BREF) instrument. Statistical analysis was 
performed using Pearson correlation coefficients, with the significance level set at p<0.05.
Results: MFIQ scores showed a strong correlation with pain intensity (r=0.87, p<0.001) and 
neck disability (r=0.71, p<0.001), and a moderate correlation with mandibular ROM (r=-0.65, 
p<0.001). Mandibular dysfunction was also correlated with all WHOQOL-BREF domains, 
particularly physical health (r=-0.78, p<0.001) and psychological health (r=-0.69, p<0.001). 
These findings indicate that greater functional impairment is associated with increased 
pain, reduced mandibular mobility, greater neck disability, and diminished overall QoL.
Conclusion: Mandibular dysfunction in TMD is closely associated with pain severity, neck 
disability, and poor QoL. These findings emphasize the functional and biomechanical 
interdependence between the temporomandibular and cervical regions. Comprehensive 
management strategies addressing both musculoskeletal and psychosocial components 
may optimize rehabilitation outcomes and improve the well-being of individuals with TMD.
Keywords: Disability evaluation, mandible, pain, quality of life, temporomandibular joint 
disorders.
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INTRODUCTION
The temporomandibular joint (TMJ) is considered one of 
the most complex synovial joints in the body because of its 
role in both mastication and verbal communication, as well 
as its anatomical proximity to neighboring musculoskeletal 
structures. Temporomandibular disorders (TMDs) comprise 
a multifaceted spectrum of conditions characterized by 
functional and structural impairments of the TMJ and related 
anatomical structures.1 Epidemiological findings suggest that 
TMDs affect nearly one-third of adults and approximately one-
tenth of children and adolescents, with females having twice 
the prevalence observed in males.2,3

Clinically, TMDs typically manifest as pain, joint sounds, 
and restricted mandibular mobility. Among these 
manifestations, pain is the most frequently reported 
symptom and may radiate to the ear, temporal region, 
forehead, or cervical area through interconnected 
neuromuscular and fascial pathways.4,5 These symptoms 
frequently lead to compensatory motor adaptations 
during mastication, resulting in functional limitations and 
increased muscle tension.6,7

The anatomical and functional relationship between the 
cervical region and the TMJ has received increasing attention 
in recent years. Postural deviations, including forward head 
posture, reduced atlanto-occipital movement, and muscular 
imbalance in the craniocervical region, are thought to 
contribute to the development and persistence of TMDs.8–10 
Accordingly, these findings emphasize the importance of 
evaluating cervical alignment and mobility as an integral part 
of TMD assessment and treatment planning.11

Beyond physical impairment, TMD is associated with 
psychosocial consequences, including stress, depression, 
and anxiety, which collectively exacerbate pain perception 
and disability.12 This multidimensional impact supports 
the biopsychosocial framework for understanding chronic 
musculoskeletal pain. Pain intensity and cervical dysfunction 
are known to correlate with functional limitations and reduced 
quality of life (QoL).13,14

Although previous studies have examined the relationships 
among pain, mandibular function, cervical impairment, and 
QoL in individuals with TMDs, comprehensive evaluations of 
these factors together remain limited.13–16 A comprehensive 
understanding of these factors is essential for developing 
holistic and effective rehabilitation strategies. Therefore, this 
study aimed to examine the relationships among mandibular 
function, pain, mouth opening, cervical disability, and QoL in 
individuals with TMDs.

MATERIALS AND METHODS
Study Design

A single-blind, cross-sectional design was employed between 
June and October 2025 at the Istinye University Physiotherapy 
and Rehabilitation Application and Research Center 
(ClinicalTrials.gov Identifier: NCT06937502). Ethical approval 
was obtained from Istinye University Human Research Ethics 
Committee (Protocol Number: 2025-132, Date: 20.05.2025). 
Written informed consent was obtained from each volunteer 
after they were thoroughly informed about the study 
procedures.

Participants

Participants with a previous diagnosis of TMD established by 
a dentist using the Diagnostic Criteria for Temporomandibular 
Disorders were included in the study.17 G*Power software 
was used to perform an a priori power analysis. Sample size 
requirements were determined based on an anticipated effect 
size derived from the findings of Akdag and Aydin (r=0.466).18 
With the type I error set at 0.05 and the type II error minimized 
to 0.05, the power analysis yielded a target enrollment of 
54 participants. Therefore, recruitment continued until this 
minimum sample size was reached, and 54 eligible participants 
were included.

The inclusion criteria were as follows: voluntary participation 
and the ability to provide informed consent; age between 18 
and 55 years, selected to minimize the potential influence of 
age-related degenerative changes and comorbidities on TMJ 
function, cervical mobility, and pain perception; a confirmed 
diagnosis of TMD with at least one of the three primary 
clinical findings: jaw pain, restricted mouth opening, and/

KEY MESSAGES

•	 Mandibular dysfunction in individuals with 
temporomandibular joint disorders is strongly 
associated with increased pain intensity, reduced 
mandibular range of motion, greater neck disability, 
and poorer quality of life.

•	 The close relationship between temporomandibular 
and cervical dysfunction supports the concept of 
regional interdependence, emphasizing the need 
for comprehensive assessment and multidisciplinary 
management in TMD rehabilitation.

•	 Addressing both musculoskeletal and psychosocial 
components is essential for optimizing functional 
outcomes and improving overall well-being in 
individuals with temporomandibular joint disorders.
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or TMJ sounds; a Mini-Mental State Examination score of 
≥24; and TMJ pain intensity of ≥3 on the Visual Analog Scale 
(VAS).19 Participants were excluded if they had a history of 
complex head or neck surgery, trauma, chemoradiotherapy, 
or tumor; ongoing use of analgesic, anti-inflammatory, or 
psychiatric medications; substance dependence; significant 
tooth loss impairing masticatory function; current use of 
dental prostheses; ongoing tooth pain; receipt of any TMD-
specific treatment before or during data collection; a history 
of orthodontic treatment; or a diagnosis of nonreducing disc 
displacement. The study flowchart is presented in Figure 1.

All assessments were conducted by a physiotherapist specializing 
in musculoskeletal rehabilitation. Data were anonymized and 
coded by an independent researcher before analysis, ensuring 
that the data analyst remained blinded to participant identifiers 
and clinical characteristics. This single-blind design minimized 
potential bias during statistical evaluation.

Data Collection
Participants’ sociodemographic and clinical characteristics 
were recorded. Mandibular function was then evaluated using 
the Mandibular Function Impairment Questionnaire (MFIQ). 
Pain intensity in the TMJ region was quantified using the VAS. 
Maximal mouth opening (MMO) was measured with a caliper. 
Cervical disability was assessed using the Neck Disability Index 
(NDI), and QoL was determined using the WHOQOL-BREF 
questionnaire.

Outcome Measures
Assessment of Mandibular Function

The MFIQ was used to assess mandibular function. The 
questionnaire comprises 17 items, each evaluated using a 
5-point Likert-type response format. Ten items assess chewing-
related functions, 5 items address speaking, daily activities, 
socializing, and work-related issues, and the remaining 2 items 
assess non-chewing-related functions, such as yawning, daily 
activities, and kissing. The questionnaire has a total score range 
of 0–68, with higher scores indicating greater dysfunction.20,21

Assessment of Maximal TMJ Movement

MMO was evaluated using a digital caliper. Participants 
voluntarily opened their mouths until they felt the onset of 
discomfort. Three separate measurements were obtained, 
and the mean value was calculated. The distance between the 
lower and upper central incisors was measured in centimeters, 
with overbite excluded from the total value.22

Assessment of Pain Severity

A 10-cm VAS was used to assess TMJ pain intensity, with 0 

representing no pain and 10 indicating the highest level of 
pain. After receiving standardized instructions, participants 
marked the point corresponding to the average pain level 
they had experienced during the previous week. The score 
was recorded in centimeters, with higher values indicating 
greater pain intensity.23

Assessment of Neck Disability

The NDI was used to evaluate the level of cervical functional 
limitation in participants. The questionnaire comprises 10 
sections addressing daily activities, such as personal care, 
lifting, pain intensity, headaches, reading, sleeping, and leisure 
participation. Each section includes six response options that 
quantify the degree of pain and limitation on a scale from 0 
to 5, with a total score ranging from 0 to 50. According to the 
total score, participants were categorized into the following 
groups: 0–4, no limitation; 5–14, mild limitation; 15–24, 
moderate limitation; 25–34, severe limitation; and 35–50, 
complete limitation.24,25

Assessment of QoL

Participants’ QoL was assessed using the WHOQOL-BREF 
questionnaire. The Turkish adaptation of this instrument 
contains 27 items grouped into five domains: physical health, 
social relationships, environmental factors, psychological 
well-being, and national environment. Each item is rated on 
a 5-point Likert-type scale, with higher scores representing 
better perceived QoL. Domain scores are converted to a 4–20 
scale, and each domain is analyzed individually.26,27

Participants assessed 
for eligibility (n=68)

Study sample (n=57)

Declined to participate (n=3)

Sample available for 
analyses (n=54)

Did not meet inclusion criteria (n=11)
• Current use of analgesic or anti-
inflammatory medication (n=3)

• History of orthodontic treatment 
(n=3)

• Significant tooth loss impairing 
masticatory function (n=2)

• Previous head or neck trauma or 
surgery (n=2)

• Ongoing odontogenic pain (n=1)

Figure 1. Study flow chart.
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Statistical Analysis
All statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 26.0 (IBM Corp., Armonk, NY, 
USA). Descriptive statistics were used to summarize participant 
characteristics and included frequencies, percentages, means, 
and standard deviations, as appropriate. The distributional 
properties of the variables were evaluated using the Shapiro–
Wilk test, together with visual examination of histogram plots. 
For normally distributed variables, associations between 
measures were examined using Pearson correlation analysis. 
The magnitude of the correlation coefficients was categorized 
according to the following criteria: negligible (r<0.25), weak 
(0.25≤r<0.50), moderate (0.50≤r<0.70), strong (0.70≤r<0.90), 
and very strong (r≥0.90).28 Statistical significance for all 
analyses was set at a two-tailed p-value of <0.05.

RESULTS
Sixty-eight individuals were initially evaluated for eligibility. 
Eleven individuals did not meet the inclusion criteria, and 
3 declined to participate. Consequently, 54 participants 
were included in the final analysis. Most participants were 
female (61%), with a mean age of 33.02±9.12 years, a mean 
BMI of 24.85±3.62 kg/m², and a mean symptom duration of 
22.72±12.68 months (Table 1). Table 2 presents the MFIQ scores 
and other clinical and QoL measures, and Figure 2 shows the 
Pearson correlation matrix between the variables. MFIQ scores 
showed a strong positive correlation with pain intensity, as 
measured by the VAS-P (r=0.87, p<0.001), and a moderate 
negative correlation with MMO (r=-0.65, p<0.001), indicating 
that greater functional impairment was associated with 
higher pain levels and reduced mouth opening. A significant 
correlation was also found between the MFIQ and NDI (r=0.71, 
p<0.001), suggesting that increased mandibular dysfunction 
was associated with higher levels of neck disability. Regarding 
QoL measures, MFIQ scores were correlated with the physical 

health domain of the WHOQOL-BREF (r=-0.78, p<0.001), 
psychological domain (r=-0.69, p<0.001), social relationships 
domain (r=-0.57, p<0.001), and environmental domain (r=-
0.46, p<0.01). These results indicate that greater mandibular 
dysfunction was associated with poorer perceived QoL across 
all assessed domains.

DISCUSSION
This study demonstrates that mandibular function is strongly 
associated with pain intensity, cervical disability, and QoL in 
individuals with TMDs. The observed correlations suggest 
that mandibular dysfunction should not be interpreted as 
an isolated impairment, but rather as part of an integrated 
musculoskeletal and functional system involving the 
craniocervical region. These findings support the concept 
of regional interdependence and reinforce the need for 
multidimensional assessment strategies.

Epidemiological evidence indicates that TMD is more prevalent 
in females, particularly during early and middle adulthood, 
which has been attributed to hormonal modulation, 

Table 1. Descriptive statistics for demographic data (n=54)

Demographic data n (%) SD

Gender

Female 33 (61)

Male 21 (39)

Age (years) 33.02 9.12

Height (cm) 169.09 9.11

Weight (kg) 71.50 14.33

BMI (kg/m2) 24.85 3.62

Duration of symptoms (month) 22.72 12.68

M and SD represent mean and standard deviation, respectively.

Table 2. Means, standard deviations, and correlations

Variables M SD 1 2 3 4 6 7 8 9

1. MFIQ 36.28 10.32

2. VAS-P 4.52 1.71 0.87**

3. MMO 3.76 0.41 -0.65** -0.62**

4. NDI 20.57 8.96 0.71** 0.79** -0.43*

6. WHOQOL-Bref PH 54.56 17.77 -0.78** -0.86** 0.53** -0.71**

7. WHOQOL-Bref P 58.76 16.47 -0.69** -0.72** 0.47** -0.64** 0.71**

8. WHOQOL-Bref SR 65.21 12.75 -0.57** -0.60** 0.32* -0.59** 0.55** 0.63**

9. WHOQOL-Bref E 73.83 6.65 -0.46* -0.43* 0.47** -0.41* 0.35* 0.40* 0.47**

*: Indicates p<.01; **: Indicates p<0.001; M and SD are used to represent mean and standard deviation, respectively; MFIQ: the Mandibular Function 
Impairment Questionnaire; MMO: The maximum mouth opening; NDI: The Neck Disability Index; VAS-P: The Visual Analog Scale pain; WHOQOL-Bref: The 
World Health Organization’s Quality of Life.
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psychosocial factors, and differences in pain sensitivity.29,30 
The demographic characteristics of the present sample are 
consistent with this pattern, suggesting that sex-related 
biological and behavioral factors may contribute to the clinical 
expression of TMD.

This study identified moderate-to-severe functional limitations 
based on MFIQ scores. Rather than directly comparing these 
findings with previous prevalence data, it is important to 
consider that variability in reported dysfunction levels across 
studies may arise from differences in diagnostic criteria, 
population characteristics, and measurement tools. Within 

this context, our findings indicate that increased pain intensity 
and cervical disability are associated with reduced mandibular 
function, highlighting the multifactorial nature of functional 
impairment in TMD.

Pain remains the primary complaint among individuals 
with TMD and is a major driver of healthcare utilization.31,32 
Emerging evidence suggests that myofascial TMD is frequently 
associated with widespread pain distribution and central 
sensitization mechanisms.33 In line with these findings, the 
strong correlation between MFIQ and VAS-P observed in this 
study indicates that functional limitation and pain are closely 

Figure 2. Pearson correlation matrix for MFIQ versus other variables.
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interrelated, potentially through shared neuromuscular and 
central processing pathways. This relationship underscores 
the importance of integrating pain modulation strategies into 
clinical management.

The interaction between the TMJ and the cervical region 
can be explained by biomechanical, neuromuscular, and 
neurophysiological mechanisms. Previous studies have shown 
that alterations in cervical posture, muscle activation patterns, 
and mobility can influence mandibular function, and vice 
versa.15,34–36 The significant association between mandibular 
dysfunction and neck disability observed in this study provides 
further support for this bidirectional relationship, suggesting 
that impairments in one region may contribute to functional 
deficits in the other.

Evidence indicates that reduced cervical mobility and impaired 
craniocervical motor control are key features in individuals 
with TMD.11,14,36 This perspective aligns with the present 
findings and supports the inclusion of cervical assessment as a 
routine component of TMD evaluation. Therefore, the concept 
of regional interdependence has direct clinical implications, 
particularly for rehabilitation strategies targeting both the 
mandibular and cervical systems.

The present findings also demonstrate an association 
between mandibular dysfunction and reduced QoL across 
all WHOQOL-BREF domains. Although previous studies 
have focused on oral health–related QoL, growing evidence 
indicates that TMD has a broader impact on general QoL, 
affecting physical functioning, psychological well-being, and 
social participation.16,30,37 The consistent relationship observed 
across multiple QoL domains in this study reinforces the view 
that TMD should be considered a biopsychosocial condition 
rather than a localized musculoskeletal disorder.

From a clinical perspective, these results emphasize the 
importance of adopting a comprehensive and integrative 
approach to TMD management. The strong interrelationships 
among mandibular function, pain, cervical disability, and 
QoL suggest that isolated interventions targeting a single 
domain may be insufficient. Instead, multidisciplinary 
strategies incorporating musculoskeletal rehabilitation, pain 
management, and psychosocial support may be required to 
achieve optimal outcomes.

Limitations

Certain limitations of this study should be acknowledged, 
particularly the limited sample size, which may restrict the 
generalizability of the findings to the wider TMD population. 
Second, although a single-blind design was adopted to 
minimize bias, self-reported measures, such as pain intensity 

and QoL, may still be influenced by participants’ psychological 
or contextual factors. Additionally, only individuals clinically 
diagnosed with TMD according to standardized criteria 
were included; therefore, comparisons with asymptomatic 
individuals or other orofacial pain groups were not possible. 
Finally, potential confounders, such as stress, bruxism, and 
psychosocial variables, were not quantitatively assessed, 
which may have contributed to the observed variability in 
pain and function.

CONCLUSION
This study demonstrates that mandibular dysfunction in 
individuals with TMDs is strongly associated with increased 
pain intensity, reduced mandibular mobility, greater cervical 
disability, and diminished QoL. These findings emphasize 
the interdependence between the temporomandibular 
and cervical regions and highlight the importance of a 
comprehensive, multidisciplinary approach to the clinical 
management of TMD. Addressing both musculoskeletal 
and psychosocial components may enhance functional 
outcomes and improve overall well-being in affected 
individuals. Future studies with larger sample sizes and 
longitudinal or interventional designs are needed to clarify 
causal relationships and support the development of targeted 
rehabilitation strategies aimed at improving function and QoL 
in individuals with TMD.
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Objective: Monosymptomatic nocturnal enuresis (MEN) is a common pediatric condition, 
and misleading or inaccurate information regarding its diagnosis and management 
is frequently encountered on social media platforms. Therefore, ensuring reliable and 
high-quality online health information is crucial. This study aimed to assess the accuracy, 
usefulness, and comprehensiveness of YouTube videos addressing MEN.
Materials and Methods: Five predefined MEN-related keywords were searched on 
YouTube. Eligible videos were analyzed using the Global Quality Scale (GQS), DISCERN, and 
Journal of the American Medical Association (JAMA) scoring systems in terms of diagnosis, 
management, and treatment. Videos were categorized as useful or non-useful according to 
content quality and were also grouped based on comprehensiveness scores. Comparative 
statistical analyses were performed between groups.
Results: A total of 153 videos were included. Significant differences were observed between 
useful and non-useful videos in DISCERN, GQS, total JAMA scores, comprehensiveness 
scores, and upload source (p<0.001). Videos with higher comprehensiveness scores also 
differed significantly in DISCERN, GQS, total JAMA scores, upload source, and video duration 
(p<0.001). No significant differences were found in the video power index, presenter type, 
or engagement parameters, such as likes and dislikes (p>0.05). Although most videos (79%) 
were useful, fewer than one-third (28%) were comprehensive.
Conclusion: YouTube provides partially useful information on MEN; however, its overall 
comprehensiveness remains insufficient. Collaboration with academic institutions 
and professional organizations may improve the quality and reliability of MEN-related 
information on social media platforms.
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INTRODUCTION
Online resources and social media now represent one of the 
primary channels through which parents and caregivers access 
public health information related to childhood illnesses. They 
are widely preferred because they are easily accessible, provide 
a wide range of information from different sources, and allow 
comparisons among them. YouTube has gained prominence 
as a common tool for social communication and educational 
learning.1 It is the most preferred video-hosting website in 
this vast and unique online environment.2 Although content 
is usually uploaded by individuals, pages are also created and 
videos uploaded by professional organizations. Nocturnal 
enuresis (EN) usually demonstrates genetic inheritance and 
is observed in approximately 10% of school-age children.3 For 
such a common condition, many parents or caregivers also 
conduct research on YouTube to gather information before 
consulting a physician. The information that families obtain 
from the internet about diseases that are common in children 
can sometimes complicate treatment. Thus, determining 
the extent to which online information on this subject is 
accurate and sufficiently comprehensive is of significant 
importance. Although the information provided by YouTube 
videos about EN has been studied to a limited extent, no such 
comprehensive study has been identified.4

The objective of this study was to determine whether YouTube 
videos provide accurate and comprehensive information 
about nocturnal enuresis (EN). In line with this objective, 
the quality, reliability, and adequacy of the most-viewed EN-
related videos were examined, as well as the likelihood of 
viewers encountering misleading information.

This article was presented at the 2022 European Association 
of Urology Congress in Amsterdam as poster number A0655 
on July 3, 2022.

MATERIALS AND METHODS
YouTube searches (http://www.youtube.com) were 
performed using the terms “bedwetting,” “enuresis 
treatment,” “enuresis nocturna,” “nocturnal enuresis,” and 
“enuresis.” Considering that users typically access only the 
first few pages of search results, with each page displaying 
approximately 20 videos, the 500 most-viewed videos were 
initially evaluated. For each keyword, the videos were first 
ordered according to the number of views, and a total of 
100 videos were subsequently evaluated. The videos were 
then sorted by view count and recorded. The selected 
videos were stored in a playlist on June 1, 2021, to maintain 
consistency in the review process, given the daily variations 
in YouTube search results. Two board-certified urologists, 
who were Fellows of the European Board of Urology and 

Pediatric Urology (N.B. and A.K.A.), independently reviewed 
and analyzed the videos while blinded to each other’s 
assessments. In cases of disagreement, a final decision was 
made by a third reviewer, a senior pediatric urologist (Y.I.).

When the five keywords were searched on YouTube on June 
1, 2021, playlists were created for each keyword. A total of 347 
videos (69.4%) were excluded: 126 because of duplication, 189 
because they were non-English, 18 because they described 
adult enuresis, 7 because they lacked sound, and 7 because 
they addressed unrelated subjects. Overall, 153 videos met 
the eligibility criteria and were analyzed (30.6%) (Fig. 1).

Videos considered suitable for analysis were those containing 
accurate, evidence-based, and comprehensive information 
on EN, particularly regarding diagnosis, management, and 
treatment. Videos deemed irrelevant, presented in languages 
other than English, or lacking audio or visual content were 
excluded from the analysis, and duplicate entries were counted 
only once.5,6 This approach aligns with methodologies used in 
previous studies evaluating health-related YouTube videos. 
Because the study relied exclusively on publicly accessible 
data, ethical approval was not required, and the research was 
conducted in accordance with the Declaration of Helsinki.

Video Parameters for the Evaluation

Two pediatric urologists independently evaluated each video. 
Variables recorded for analysis included video length, upload 
date, cumulative view count, time available on YouTube, 
average daily views, upload source, speaker type, content, 
and viewer engagement metrics, such as likes, dislikes, and 
comments. The videos were subsequently classified into two 
main categories based on the usefulness of the information 
provided: useful and non-useful. The classification criteria 
were as follows:

KEY MESSAGES

•	 Most YouTube videos on monosymptomatic nocturnal 
enuresis provide limited and incomplete information, 
although they are partially useful.

•	 Videos produced by universities, professional 
organizations, and physicians demonstrate significantly 
higher quality, reliability, and comprehensiveness, 
whereas video popularity, as measured by the Video 
Power Index (VPI), does not reflect information quality.

•	 Longer video duration is associated with higher 
information quality, highlighting the need for 
authoritative institutions to actively produce reliable 
educational content on social media.
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•	 Useful information: Videos that provided accurate 
information according to recent guidelines were 
considered useful.3,7 We also developed a comprehensive 
questionnaire for the management of EN (Table 1). The 
comprehensiveness score was not used to determine 
usefulness. Comprehensiveness and usefulness were 
assessed independently.

•	 Non-useful information: Videos were classified in this 
category if they contained scientifically unsupported or 
inaccurate information regarding EN.

Based on comprehensiveness scores, the videos were divided 
into two groups: those with scores of 5 or lower were classified 
as having poor comprehensiveness, whereas those with scores 
of 6 or higher were classified as adequately comprehensive. 
Because the comprehensiveness score consisted of 11 items, 
the cutoff value of 6 was selected to indicate that a video 
covered more than half of the predefined essential content 
domains related to the diagnosis, evaluation, and treatment 
of nocturnal enuresis. Accordingly, videos scoring 6 or higher 
were considered adequately comprehensive, whereas those 
scoring 5 or lower were considered poorly comprehensive.

Evaluation Instruments and Scoring Methods
Modified 5-point DISCERN tool

The original DISCERN instrument, which consists of 15 items, 
is designed to assess the quality of health-related information 
provided to patients.8 In the present study, a modified 5-point 
DISCERN scale was used to evaluate the reliability of video 
content, consistent with methodologies used in previous 
studies (Table 2).5,6

Global Quality Score (GQS)

The GQS is a 5-point scale used to assess the accessibility, 
quality, and overall flow of information presented in online 
video resources. Scores range from 1, indicating poor quality, 
to 5, indicating excellent quality (Table 2).9

Journal of the American Medical Association (JAMA) 
Benchmark Criteria

The JAMA scoring system is a quality assessment instrument 
designed to evaluate the reliability of information provided on 
health-related websites. It comprises four criteria, with each 
criterion assigned a maximum score of 1.5

Video Comprehensiveness

This assessment was designed to determine the extent 
to which guideline-based information on the diagnosis 
and treatment of EN was addressed and to evaluate how 

Figure 1. Flowchart of the study design.

Keywords of “bedwetting”, “enuresis 
treatment”, “enuresis nocturna”, “nocturnal 

enuresis”, and “enuresis” were searched, and 
all related videos were reviewed (n=500)

Eligible videos included (n=153)

• The Modified 5-Point DISCERN Tool

• Global Quality Score (GQS)

• Video Power Index

• The Journal of American Medical 
Association (JAMA) benchmark criteria

• Video comprehensiveness

The videos were defined according to the 
usefulness of information

• Useful information (n=122, 79.7%)

• Non-useful information (n=31, 20.3%)

The videos were categorized in terms of 
their comprehensiveness score

• Comprehensiveness score (≤5) 
(n=109, 71.2%)

• Comprehensiveness score (>5) 
(n=44, 28.7%)

The videos were categorized in terms 
of the sources of the uploads

• Universities/professional organizations/
nonprofit organizations/physicians 

(n=56, 36.6%)

• Stand-alone health information websites 
(n=28, 18.3%)

• Medical advertisements/for-profit 
organizations (n=37, 24.2%)

• Individual users/patients (n=15, 9.8%)

• Talk show programs (n=17, 11.1%)

Excluded videos (n=347)

• Irrelevant subject (n=7)

• Non-English (n=189)

• Duplicated (n=126)

• Adults (n=18)

• No voice (n=7)

Enrollment

Allocation

Assessment 
tools

Follow-up 
and analysis
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comprehensively families could access information about 
EN. The 11-item comprehensiveness scale was developed by 
the researchers based on the key diagnostic, evaluation, and 
treatment domains emphasized in current guideline-based 
recommendations for monosymptomatic nocturnal enuresis, 
particularly the International Children’s Continence Society 
(ICCS) standardization documents and the European Association 
of Urology/European Society for Paediatric Urology (EAU/
ESPU) Paediatric Urology Guidelines. These sources emphasize 
essential elements such as the definition and classification of 

enuresis; differentiation between monosymptomatic and non-
monosymptomatic enuresis; assessment of lower urinary tract 
symptoms; evaluation of bowel habits and constipation; use of 
voiding/bladder diaries when appropriate; basic urotherapy and 
behavioral recommendations; alarm therapy; desmopressin 
treatment; and indications for referral or further evaluation. 
The preliminary checklist was independently reviewed by two 
pediatric urologists, and the final 11 items were determined 
after expert consensus to ensure that the scale reflected 
clinically relevant and family-oriented information domains. 

Table 1. Analysis of video characteristics according to their comprehensiveness score

Parameters
Comprehensiveness score (<5) 

(n=109, 71.2%)

Comprehensiveness score (>5) 

(n=44, 28.7%)
p

Total number of views 3041(735–21716) 1766 (576–11111) §0.222

Video length (s) 149 (98–318.5) 493 (273–1002) §<0.001*

Year 2017 (2014–2019) 2018 (2015–2019) §0.472

Time on YouTube (months) 45 (18–73.5) 36 (18.7–71.5) §0.685

Daily view count 3.1 (0.7–20.1) 2 (0.6–9.7) §0.337

Likes 13 (3–99) 16.5 (4.2–75.7) §0.648

Dislikes 1 (0–10.5) 1 (0–4.75) §0.237

Comments 0 (0–12) 0.5 (0–14.2) §0.767

Video Power Index 2.7 (0.6–18.6) 2 (0.8–9.4) §0.704

DISCERN score 1 (1–2) 2 (2–3) §<0.001*

Global Quality score 2 (2–3) 4 (3–4) §<0.001*

Upload source, n (%) ‡<0.001*

Universities/professional organizations/ 

non-profit physician groups/physicians
30 (27.5) 26 (59.1)

Stand-alone health information websites 20 (18.3) 8 (18.2)

Medical advertisements/for-profit companies 37 (33.9) 0 (0)

Individual users/patients 11 (10.1) 4 (9.1)

Talk show programs 11 (10.1) 6 (13.6)

Speaker, n (%) ‡<0.825

Physician 53 (48.6) 24 (54.5)

Non-physician health provider 13 (11.9) 4 (9.1)

Individual in the video 15 (13.8) 7 (15.9)

External voice 28 (25.7) 9 (20.5)

JAMA, n (%)

JAMA authorship 55 (51.4) 26 (63.4) ‡0.189

JAMA attribution 2 (1.9) 8 (19.5) ‡<0.001*

JAMA disclosure 4 (3.7) 5 (11.9) ‡0.060

JAMA currency 2 (1.9) 2 (4.8) ‡0.326

JAMA total 1 (0-1) 1 (0-1) §0.008*

*: P<0.05 indicates statistical significance. Data are presented as n (%) and median (25–75th percentiles). §: Mann–Whitney U test; ‡: Chi-square test.
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A total of 11 items covering the diagnostic, evaluation, and 
treatment stages were included, with each item assigned 1 
point (Table 1).

Video Power Index

To assess video popularity, Video Power Index (VPI) values were 
calculated using the following formula: VPI=like ratio×view 
ratio/100.10 The study flowchart is summarized in Figure 1.

Statistical Analysis

The distribution of the data was examined using the Shapiro–
Wilk test, along with visual inspection of histograms and Q–Q 

plots. Homogeneity of variance was evaluated using Levene’s 
test. For comparisons between two groups involving non-
normally distributed variables, the Mann–Whitney U test was 
used. Pearson’s chi-square test was used to analyze categorical 
variables. Agreement between raters was determined using 
Cohen’s kappa coefficient, and interobserver reliability was 
assessed by calculating the intraclass correlation coefficient. 
Relationships between variables were explored using 
Spearman’s rank correlation analysis. All statistical analyses 
were performed using IBM SPSS Statistics for Windows, version 
22.0 (IBM Corp., Armonk, NY, USA), and statistical significance 
was defined as p<0.05.

Table 2. Evaluation tools for assessing the reliability, quality, and comprehensiveness of YouTube videos on enuresis nocturna

DISCERN Reliability Tool (1 point per question if answered yes)

1. Are the aims clear and understandable in the video?

2. Are useful reference sources provided? (Publications cited from valid studies)

3. Is the information in the video balanced and neutral?

4. Are additional sources of information provided from which viewers can benefit?

5. Does the video evaluate areas that are controversial or uncertain?

Global Quality Scale

1. Poor quality, poor flow, most information missing; not helpful for patients

2. Generally poor quality, with some information provided, but of limited use to patients

3. Moderate quality; some important information is adequately discussed

4. Good quality, good flow; most relevant information is covered and useful for patients

5. Excellent quality and flow; highly useful for patients

Journal of the American Medical Association (JAMA) Benchmark Criteria

a) Authorship: Authors and contributors, their affiliations, and relevant credentials should be provided.

b) Attribution: References and sources for all content should be clearly listed, and all relevant copyright information should be provided.

c) Disclosure: Website ownership should be prominently and fully disclosed, including any sponsorship, advertising, underwriting, 

commercial funding arrangements, or support, as well as potential conflicts of interest.

d) Currency: Dates on which the content was posted and updated should be indicated.

Comprehensiveness Scale (1 point for each item covered in the video)

1. Requirement for treatment after 5 years of age

2. Sleep disorder

3. Decreased bladder capacity or bladder overactivity

4. Nocturnal polyuria

5. Genetics

6. Behavioral treatments

7. Fluid restriction

8. Urotherapy

9. Desmopressin treatment

10. Alarm treatment

11. Secondary treatments, including anticholinergics, antidepressants, acupuncture, hypnosis, etc.
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RESULTS
The statistical analysis included 153 videos that met the 
predefined inclusion criteria. A high degree of agreement 

was observed between the reviewers in the reliability 

assessments, as reflected by a kappa coefficient of 0.848. The 

intraclass correlation coefficients were 0.854 (95% CI: 0.728–

Table 3. Analysis of video characteristics according to usefulness

Parameters
Useful information 

(n=122, 79.7%)

Non-useful information 

(n=31, 20.3%)
p

Total number of views 2416 (622–12199) 3094 (535–31007) §0.527

Video length (s) 220.5 (109–504.25) 259 (142–415) §0.438

Upload year 2017 (2013–2019) 2018 (2016–2020) §0.082

Time on YouTube (months) 40 (21–84.5) 37 (11–57) §0.107

Daily view count 2.65 (0.75–12.04) 3.9 (1–33.27) §0.226

Likes 12.5 (3–74) 32 (3–269) §0.117

Dislikes 1 (0–6.25) 2 (0–32) §0.133

Comments 0 (0–9) 2 (0–31) §0.251

Video Power Index 2.4 (0.7–11.1) 3.7 (0.7–33.3) §0.154

DISCERN score 2 (1–2) 1 (1–1) §<0.001*

Global Quality Score 3 (2–3.2) 1 (1–2) §<0.001*

Comprehensiveness score 4 (1.7–7) 1 (0–2) §<0.001*

Upload source, n (%) ‡<0.001*

Universities/professional organizations/non-profit physician 

groups/physicians
47 (38.5) 9 (29)

Stand-alone health information websites 24 (19.7) 4 (12.9)

Medical advertisements/for-profit companies 31 (25.4) 6 (19.4)

Individual users/patients 5 (4.1) 10 (32.3)

Talk show programs 15 (12.3) 2 (6.5)

Speaker, n (%) ‡0.545

Physician 54 (52.5) 13 (41.9)

Non-physician health provider 12 (9.8) 5 (16.1)

Individual in the video 16 (13.1) 6 (19.4)

External voice 30 (24.6) 7 (22.6)

Video content, n (%) ‡0.103

General 85 (70.8) 27 (90)

Behavioral treatment only 7 (5.8) 2 (6.7)

Medical treatment only 1 (0.8) 0 (0)

Alarm treatment only 27 (22.5) 1 (3.3)

JAMA

JAMA authorship 69 (58.5) 12 (40) ‡0.069

JAMA attribution 10 (8.5) 0 (0) ‡0.099

JAMA disclosure 8 (6.7) 1 (3.3) ‡0.426

JAMA currency 4 (3.4) 0 (0) ‡0.403

JAMA total 1 (0–1) 0 (0–1) §0.020*

*: P<0.05 indicates statistical significance. Data are presented as n (%) and median (25–75th percentiles). §: Mann–Whitney U test; ‡: Chi-square test.
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0.909) for DISCERN, 0.737 (95% CI: 0.555–0.832) for GQS, and 
0.839 (95% CI: 0.693–0.892) for the comprehensiveness score. 
These results demonstrate strong interrater reliability for all 
evaluation measures.

Based on the useful versus non-useful classification, significant 
differences were observed between the two groups 
with respect to DISCERN, GQS, total JAMA scores, overall 
comprehensiveness scores, and upload source (Table 3). No 
significant differences were found in terms of VPI, number 
of likes and dislikes, or video duration. Videos uploaded 
by universities, professional organizations, and physicians 
constituted the majority of useful content (38.5%), with this 
difference reaching statistical significance (p<0.001).

Based on comprehensiveness categories (<5 vs. 5–11), 
statistically significant differences were identified between 
the groups in DISCERN, GQS, total JAMA scores, upload source, 
and video length, whereas no differences were noted in VPI, 
speaker characteristics, or engagement metrics, such as likes 
and dislikes (Table 2). When the videos were further divided 
according to the median comprehensiveness score (median=3), 
the comparative analysis yielded consistent results.

Video length was found to have a significant positive 
correlation with all scoring tools, including DISCERN, GQS, 
and total JAMA (Table 4). It was also found that longer video 
duration was associated with a higher VPI. In contrast, no 
significant correlation was found between VPI and usefulness, 
comprehensiveness, or the other scoring systems (Table 4). The 
video scoring systems and comprehensiveness scores were 
not associated with the number of likes, dislikes, comments, or 
daily views (Table 4).

Figure 2 shows the answers to all comprehensiveness questions 
in useful and non-useful videos. We found that videos 
mentioning secondary treatments, such as anticholinergics, 
antidepressants, hypnosis, and acupuncture, were mostly 
non-useful. In addition, videos mentioning treatment onset 
age, nocturnal polyuria, behavioral treatments, urotherapy, 
and alarm therapy were statistically more likely to be useful. 
Among these, alarm therapy (60.7% vs. 49%), behavioral 
treatment (59% vs. 51.6%), and age at treatment onset (56.6% 
vs. 49%) had the highest rates.

DISCUSSION
Our study findings showed that EN videos on YouTube were 
generally useful (79%) but had low comprehensiveness 
(28%). Videos originating from reliable sources, such as 
universities, professional organizations, non-profit physician 
groups, and individual physicians, demonstrated high levels 

Table 4. Correlations between quality scales and video features

VPI Video length (s)
Time on YouTube 

(months)

Daily view 

count
Likes Dislikes Comments

DISCERN score -0.104 0.307 0.063 -0.115 -0.042 -0.097 -0.048

p value 0.220 <0.001* 0.438 0.157 0.603 0.233 0.556

Global Quality Score -0.036 0.261 0.125 -0.070 0.002 -0.079 -0.017

p value 0.676 0.001* 0.125 0.388 0.976 0.336 0.838

Comprehensiveness score -0.055 0.487 -0.031 -0.053 0.035 -0.061 -0.006

p value 0.517 <0.001* 0.703 0.516 0.667 0.455 0.942

JAMA total -0.098 0.260 -0.055 -0.121 0.031 -0.007 0.126

p value 0.255 0.001* 0.503 0.142 0.706 0.932 0.130

Data are presented as Spearman’s rho and p value. *: P<0.05 indicates statistical significance.

Figure 2. Analysis of comprehensiveness questions between 
groups.

*: P<0.05 indicates statistical significance; **: P<0.01 indicates statistical 
significance.
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of both comprehensiveness and usefulness. Videos that 
included information on alarm therapy had the highest 
usefulness rates. In contrast, videos produced by individual 
users and talk show programs contained the least useful and 
least comprehensive information.

The internet and social media have become key resources for 
the public dissemination of easily accessible information.11 
YouTube is the most preferred video-hosting website for 
individuals seeking information on any subject through visual 
content. YouTube allows users to upload, watch, and share 
videos, and over the past 16 years, it has evolved into a highly 
accessible and user-friendly platform. As a result, patients 
and their families commonly use YouTube as a source of 
information on disease diagnosis and management.12

Studies evaluating YouTube content related to pediatric 
diseases remain limited in the literature, with research primarily 
focusing on conditions such as hydrocephalus, food allergy, 
adenotonsillectomy, rhabdomyosarcoma, clubfoot, and 
autism.13–19 Only two studies in the field of pediatric urology 
have examined YouTube content, specifically addressing 
hypospadias and nocturnal enuresis.4,20

In the new era, short videos are preferred on social media. This 
may be because younger generations tend to lose interest in long 
videos and may find them less engaging. However, one of the 
findings of our study was that video length was directly correlated 
with all scoring tools and comprehensiveness. Based on this 
finding, individuals seeking sufficient and reliable information 
about a disease may benefit more from longer videos, whereas 
short videos may not provide sufficient or complete information.

The most distinctive aspect of our study is its assessment of 
comprehensiveness. We evaluated whether video content on a 
video-hosting website included the basic information that should 
be provided about a disease. There are no preexisting validated 
scoring criteria for assessing the comprehensiveness of online 
media content. Investigating and classifying this issue using 
11 EN-specific questions provided more objective and specific 
information for video evaluation. Although all the information 
in a video may be correct, it may still be insufficient. Videos that 
included accurate information addressing only part of the full topic 
were considered useful. Although these videos were useful, their 
comprehensiveness scores were not sufficiently high. Although 
existing scoring tools assess overall video quality, the complete 
information that the audience should understand about the topic 
can be evaluated only using the comprehensiveness score. In 
addition to the information on video quality provided by standard 
scoring systems, this assessment also revealed how much of the 
information that the public should know about the disease was 
presented. Few studies have investigated the comprehensiveness 
of YouTube videos in this manner.15,21,22

The VPI provides information on video popularity. However, 
according to our results, VPI was negatively correlated with 
usefulness, comprehensiveness, and all scoring systems. 
Similar results have been reported in some studies.10,23,24 
Therefore, it can be stated that videos preferred by the public 
may have lower reliability and accuracy.

Videos uploaded by individual users, patients, or their relatives 
were predominantly classified as non-useful. Therefore, content 
produced by reliable sources, such as universities, professional 
organizations, non-profit physician groups, and physicians, 
should be prioritized as trustworthy sources of information.

Videos uploaded by universities, professional organizations, 
and physicians provided the most accurate and reliable 
content in terms of both usefulness and comprehensiveness. 
Therefore, it appears essential that accurate and adequate 
information be delivered to the public by impartial and 
qualified individuals or institutions.10,25

In terms of video content, almost all videos that mentioned 
only alarm therapy were useful (Table 1). However, these videos 
were insufficient in terms of comprehensiveness because they 
did not include other relevant information. When all videos 
were evaluated, the rate of mentioning alarm therapy was 
relatively high (49%).

Most talk show videos featuring a professional were found to 
be useful and comprehensive. These videos provided sufficient 
and reliable information about EN, similar to videos uploaded by 
universities, professional organizations, and physicians. Therefore, 
these videos should be preferred as sources of information.

Many studies have evaluated the reliability and accuracy of 
YouTube videos for different diseases. Recently, an article 
evaluating the reliability and quality of YouTube videos on EN 
was published.4 There are several methodological differences, 
more extensive statistical analyses, and different results between 
that article and our study. First, using five keywords instead of 
one created a difference not only in the number of videos but 
also in their distribution. Evaluating video comprehensiveness 
by adding disease-specific questions to the assessment, in 
addition to the established scoring systems, provided more 
specific and clearer results. Therefore, the videos were evaluated 
not only in terms of quality but also in terms of usefulness 
and comprehensiveness. In addition, EN treatment methods, 
including behavioral treatment, medical treatment, and alarm 
therapy, were evaluated separately in our study, and the 
usefulness of videos addressing these treatments was assessed.

One limitation of this study was the inclusion of only English-
language videos. This should be considered a methodological 
limitation rather than merely a standardization preference, 
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as it may restrict the global generalizability of the findings 
and may not reflect the quality, accuracy, usefulness, 
or comprehensiveness of information available to non-
English-speaking populations. Another limitation was the 
lack of an objective scale and cutoff value for evaluating 
comprehensiveness. To address this limitation, both a cutoff 
value of 5 (11/2) and the median value were evaluated 
separately. Another potential limitation concerns why only the 
top 100 videos for each keyword were included. The following 
question may arise: What if the 101st video was highly 
adequate and reliable? Would excluding it lead to an incorrect 
assessment? This approach was based on YouTube’s algorithm, 
and we evaluated the videos that the public is most likely to 
watch first. The aim was not to evaluate all videos on YouTube 
but rather to assess the maximum number of videos that an 
ordinary viewer would likely watch on the website. Finally, 
the video search and data collection were performed in June 
2021. Given the dynamic nature of YouTube, videos may be 
added, removed, edited, or reordered over time, and viewer 
engagement metrics may continuously change. Therefore, our 
findings reflect the YouTube content available at the time of 
data collection and may not fully represent the current quality, 
accuracy, usefulness, or comprehensiveness of videos on 
nocturnal enuresis. Future studies with updated searches are 
needed to evaluate temporal changes in online video content.

CONCLUSION
Patients and caregivers primarily use social media platforms, 
especially YouTube, to obtain information about diseases. 
YouTube videos were found to be useful in 79% of cases but 
comprehensive in only 28%. Considering this finding and 
the need for more accurate guidance, not only healthcare 
professionals and universities but also health ministries and 
governmental health units should prepare informative videos 
in their own languages and present them to the public in an 
engaging manner on YouTube. In this way, a public health 
problem may be addressed by preventing the dissemination 
of confusing, incorrect, and incomplete information.
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Objective: Cutaneous squamous cell carcinoma (cSCC) is one of the most common non-
melanoma skin cancers and carries a clinically significant risk of recurrence and metastasis. 
Identifying reliable prognostic factors is essential for improving risk stratification. This study 
evaluated the clinicopathological predictors of recurrence and metastasis in primary cSCC 
lesions treated at a large tertiary center over a 15-year period.
Materials and Methods: Demographic, clinical, and pathological data were collected for 
428 surgically treated primary cSCC lesions between 2008 and 2022. The variables included 
tumor size, histological differentiation, histological subtype, anatomical site, and surgical 
margin status. Clinical outcomes were defined as local recurrence and nodal or distant 
metastasis. Associations between variables and outcomes were evaluated using appropriate 
univariate statistical tests. Univariable and multivariable binary logistic regression analyses 
were performed to identify independent predictors of local recurrence.
Results: The mean age was 71.5 years. During follow-up, local recurrence occurred in 4.5% 
of cases, nodal metastasis in 4.7%, and distant metastasis in 1.9%. Larger tumors had higher 
recurrence (10.2%) and metastasis rates (15.4%), particularly lesions exceeding 3 cm. Poor 
differentiation was associated with nodal metastasis (10.1%). Positive surgical margins 
were associated with both recurrence and metastasis (p=0.022). In the multivariable binary 
analysis, increasing tumor size and positive surgical margins were identified as independent 
predictors of local recurrence.
Conclusion: Tumor size, histological differentiation, anatomical site, histological subtype, 
and surgical margin status are critical prognostic factors in cSCC. Drawing on a large single-
center cohort from Türkiye, our findings highlight the importance of margin control and 
vigilant follow-up in high-risk patients.
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INTRODUCTION
Cutaneous squamous cell carcinoma (cSCC) is the second 
most common keratinocyte malignancy and represents an 
increasing global health burden. Its incidence continues to 
rise because of population aging and cumulative ultraviolet 
(UV) exposure. Although cSCC-specific mortality is lower 
than that of many other solid tumors, its high prevalence 
contributes substantially to cancer-related deaths and 
healthcare costs worldwide.1,2 Meta-analyses have reported 
nodal metastasis in 3–5% of cases and disease-specific 
mortality of approximately 1–2%.3

The development of cSCC is multifactorial. Chronic UV 
exposure, advanced age, male sex, and immunosuppression—
especially in transplant recipients or patients with 
hematologic malignancies—are well-established risk factors. 
Other contributing factors include prior radiotherapy or 
phototherapy, chronic scars, arsenic exposure, oncogenic 
human papillomavirus infection, and rare genetic disorders 
such as xeroderma pigmentosum and albinism. Lesions arising 
on the lip and ear are particularly aggressive and have a higher 
metastatic potential.4–6 At the molecular level, cSCC carries 
one of the highest mutational burdens among solid tumors, 
primarily driven by UV-induced DNA damage.7,8

Clinically, prognosis is influenced by a combination of tumor- 
and host-related factors. Larger tumor size, poor differentiation, 
perineural or lymphovascular invasion, and high-risk 
anatomical sites are consistently associated with adverse 
outcomes.3–6 Several staging systems have been proposed for 
risk stratification, including the AJCC 8th edition, the Brigham 
and Women’s Hospital (BWH) classification, and the National 
Comprehensive Cancer Network (NCCN) guidelines, which 
integrate these features to guide clinical management.9–11 The 
role of sentinel lymph node biopsy (SLNB) in clinically node-
negative patients remains uncertain, and regional data on 
cSCC outcomes remain limited.12–14

Given the influence of environmental and demographic 
factors on tumor behavior, regional evidence is essential for 
refining prognostic assessment. Therefore, this study aimed to 
identify the clinicopathological predictors of recurrence and 
metastasis in a large single-center cohort of surgically treated 
primary cSCC cases over a 15-year period.

MATERIALS AND METHODS
Study Design and Patient Selection

This retrospective cohort study was approved by the Erciyes 
University Health Sciences Research Ethics Committee 
(Approval Number: 2024/187, Date: 09.10.2024) and was 
conducted in accordance with the Declaration of Helsinki. 

We reviewed all patients who presented to the Department 
of Plastic, Reconstructive, and Aesthetic Surgery at Erciyes 
University Faculty of Medicine with histopathologically 
confirmed primary cutaneous squamous cell carcinoma (cSCC) 
between January 2008 and December 2022. Patients were 
eligible if they had a histopathological diagnosis of primary 
cSCC, underwent surgical treatment in our department, had 
complete clinicopathological and follow-up data, and were 
followed postoperatively for at least 18 months. Patients 
with non-SCC skin cancers, those treated primarily at another 
institution, those with incomplete medical records, and those 
with follow-up shorter than 18 months were excluded from 
the study. For the statistical analysis, the unit of analysis was 
the individual tumor lesion. In patients with multiple lesions, 
each lesion was evaluated separately. The mean follow-up 
duration was 3.3 years (range: 2–10 years). Follow-up data 
were obtained from routine outpatient visits and electronic 
medical records.

Data Collection

Demographic, clinical, and pathological data were obtained 
from the hospital’s electronic medical records. The collected 
information included age, sex, anatomical site of the 
lesion, tumor size (maximum diameter in centimeters), 
histopathological grade (well, moderately, or poorly 
differentiated), histological subtype (classic, clear cell, spindle 
cell, de novo, or other rare variants), and surgical margin 
status (clear or positive, either lateral or deep). Clinical 
outcomes, including local recurrence, nodal metastasis, and 
distant metastasis, were also recorded. Anatomical sites were 
grouped into three major regions (head and neck, trunk, and 
extremities) for subgroup analysis. They were also categorized 
as high risk (lip, ear, temple, periorbital region, scalp, nose, 
periauricular region, and medial canthus) or low risk (cheek, 
forehead, trunk, extremities, and other body sites) according 
to established risk classifications. Recurrence was defined as 
the reappearance of a tumor at the same anatomical site after 
complete excision, regardless of the time interval.

KEY MESSAGES

•	 Tumor size, histological grade, anatomical site, and 
surgical margin status are important predictors of 
outcomes in cSCC.

•	 Large, poorly differentiated tumors located in high-
risk anatomical sites are associated with an increased 
risk of recurrence and metastasis.

•	 High-risk cSCC lesions require close follow-up and 
more aggressive clinical management.
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Tumors were managed according to contemporary guideline 
principles, including the AJCC 8th edition staging system and 
NCCN recommendations. Surgical margins were determined 
based on tumor size, anatomical location, and high-risk 
features. In general, low-risk tumors were excised with 
clinically determined margins of approximately 4–6 mm, 
whereas wider margins were preferred for lesions with high-
risk features. Wider margins were preferred for tumors larger 
than 2 cm, poorly differentiated lesions, lesions with perineural 
invasion, or tumors located on the lip and auricle. Routine 
preoperative imaging was not performed in clinically node-
negative patients; ultrasonography, CT, or MRI was obtained 
when nodal involvement or deep invasion was suspected. 
Lymphadenopathy was considered suspicious when enlarged, 
firm, palpable, or progressively increasing lymph nodes were 
detected on clinical examination and was further evaluated 
with ultrasonography or cross-sectional imaging when 
indicated. Sentinel lymph node biopsy was not routinely 
performed. Patients with clinically positive lymph nodes 
underwent therapeutic lymph node dissection according to 
the involved anatomical basin. High-risk cases were discussed 
by a multidisciplinary tumor board including plastic surgery, 
otolaryngology, and medical oncology teams, and adjuvant 
treatment decisions were made accordingly.

Statistical Analysis
All statistical analyses were performed using IBM SPSS 
Statistics, version 26.0 (IBM Corp., Armonk, NY, USA). 
Descriptive statistics were calculated for all variables. 
Continuous variables were expressed as mean±standard 
deviation (SD) or median (range) after normality was assessed 
using the Shapiro–Wilk test. Categorical variables were 
presented as frequencies and percentages.

Associations between categorical variables and outcomes, 
including local recurrence, nodal metastasis, and distant 
metastasis, were evaluated using the chi-square (χ²) test or 
Fisher’s exact test, as appropriate. For ordered categorical 
variables, including tumor size categories, linear-by-linear 
association testing was used to assess trends.

To identify independent predictors of local recurrence, a binary 
logistic regression model was constructed. The dependent 
variable was local recurrence (yes/no). The independent 
variables included age (continuous), tumor size (continuous), 
surgical margin status (positive vs. negative), and perineural 
invasion (present vs. absent).

Initially, univariable binary logistic regression analyses were 
performed to evaluate crude associations between variables 
and recurrence; the results are reported as crude odds ratios 
(cORs) with 95% confidence intervals (CIs). Variables with 

p<0.10 in the univariable analysis were subsequently entered 
into a multivariable binary logistic regression model using the 
enter method; the results are reported as adjusted odds ratios 
(aORs) with 95% CIs. Model assumptions were assessed, and 
no evidence of multicollinearity was observed. Because of the 
limited number of distant metastatic events, multivariable 
analysis for distant metastasis was not performed to avoid 
model overfitting.

A p-value of <0.05 was considered statistically significant. 
Analyses were performed using cases with complete data.

RESULTS
Between 2008 and 2022, 1,500 patients with non-melanoma 
skin cancer were evaluated. Among 1,612 lesions, 428 primary 
cutaneous squamous cell carcinoma (cSCC) lesions were 
identified and included in the analysis.

Multiple lesions were observed in 79 patients. Of the 428 cSCC 
lesions, 310 occurred in men and 118 in women. The mean age at 
diagnosis was 71.5±11.7 years (median, 72; range, 38–101 years).

The demographic and clinicopathological characteristics are 
summarized in Table 1.

Tumor Characteristics
The face was the most common individual anatomical 
subsite (57.2%), followed by the scalp (10.5%), lip (3.3%), 
and auricle (1.2%). High-risk anatomical sites accounted for 
49.5% of all cases.

When anatomical locations were regrouped into three major 
regions, 358 lesions (83.6%) were located in the head and neck, 
67 (15.7%) in the extremities, and 3 (0.7%) on the trunk. This 
difference reflects that the face represents a single anatomical 
subsite, whereas the head and neck category includes multiple 
anatomical regions, such as the scalp, lips, auricles, periorbital 
areas, and other head and neck subsites.

Nodal metastasis occurred more frequently in high-risk 
locations than in low-risk locations (7.1% vs. 2.3%, p=0.018).

Histopathology
Histological grading showed that 40.2% of lesions were well 
differentiated, 44.2% were moderately differentiated, and 
15.7% were poorly differentiated (Fig. 1).

Poor differentiation was significantly associated with 
recurrence (8.7% vs. 3.2%, p=0.042) and nodal metastasis 
(10.1% vs. 2.5%, p=0.008).

Classic squamous cell carcinoma was the predominant subtype 
(92.1%), whereas 7.9% of lesions represented variant histologies, 
including clear-cell, spindle-cell, de novo, and other rare forms.
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Variant subtypes showed higher recurrence rates than classic 
SCC (9.8% vs. 3.8%, p=0.041), although subgroup numbers 
were limited.

Recurrence and Metastasis

During follow-up, local recurrence occurred in 19 cases (4.5%), 
nodal metastasis in 20 (4.7%), and distant metastasis in 8 (1.9%).

Recurrence was significantly more common in tumors >2 cm 
(7.9% vs. 2.1%, p=0.003).

Nodal metastasis was most frequent in lip (11.9%) and 
extremity lesions (13.3%). Distant metastasis developed 
mainly in extremity (20%) and scalp tumors (3.1%).

When analyzed by major anatomical region, nodal metastasis 
occurred in 17 head and neck lesions (4.7%) and 3 extremity 

lesions (4.5%), whereas no nodal metastases were observed 
in trunk lesions. Distant metastasis occurred in 4 head and 
neck lesions (1.1%) and 4 extremity lesions (6.0%), whereas no 
distant metastases were observed in trunk lesions.

Binary logistic regression analysis was performed to identify 
predictors of local recurrence. In the univariable binary 
logistic regression analysis, larger tumor size was significantly 
associated with recurrence (cOR, 1.56; 95% CI, 1.22–2.00; 
p<0.001), and positive surgical margin status was also 
significantly associated with recurrence (cOR, 5.17; 95% CI, 
1.57–17.02; p=0.007). Age was not significantly associated with 
recurrence (cOR, 1.01; 95% CI, 0.97–1.05; p=0.711). Perineural 
invasion was associated with increased odds of recurrence, 
but this association did not reach statistical significance (cOR, 
4.48; 95% CI, 0.50–40.34; p=0.181).

In the multivariable binary logistic regression model including 
age, tumor size, perineural invasion, and surgical margin 
status, tumor size remained independently associated with 
recurrence (aOR, 1.51; 95% CI, 1.17–1.95; p=0.002), and 
positive surgical margin status also remained independently 
associated with recurrence (aOR, 3.80; 95% CI, 1.05–13.67; 
p=0.041). Age (aOR, 1.00; 95% CI, 0.96–1.04; p=0.924) and 
perineural invasion (aOR, 3.69; 95% CI, 0.38–35.78; p=0.261) 
were not independently associated with recurrence (Table 2).

These findings are consistent with the observed dose–
response relationship between tumor size and recurrence.

Tumor Size and Outcomes

Tumor size showed a strong dose–response relationship with 
recurrence and metastasis rates. Lesions ≤2 cm had recurrence 
and metastasis rates of 2.1% and 1.8%, respectively. These 

Table 1. Demographic and clinicopathological characteristics 
of cSCC lesions (n=428)

Variable n (%)

Age, years

<70 230 (53.7)

≥70 198 (46.3)

Sex

Male 310 (72.4)

Female 118 (27.6)

Tumor size

<2 cm 267 (62.4)

≥2 cm 161 (37.6)

Location

Low-risk sites 216 (50.5)

High-risk sites 212 (49.5)

Differentiation

Well differentiated 172 (40.2)

Moderately differentiated 189 (44.2)

Poorly differentiated 67 (15.7)

Histological subtype

Classic SCC 394 (92.1)

Variant subtypes 34 (7.9)

Surgical margin status

Negative 402 (93.9)

Positive 26 (6.1)

Recurrence 19 (4.5)

Nodal metastasis 20 (4.7)

Distant metastasis 8 (1.9)

cSCC: Cutaneous squamous cell carcinoma.

Figure 1. Distribution of histological differentiation.
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rates increased to 5.5% and 6.6% for tumors measuring 2–3 cm 
and reached 10.2% and 15.4% for tumors >3 cm, respectively 
(p<0.001, linear-by-linear trend; Fig. 2).

Surgical Margins
Positive surgical margins were identified in 26 cases (6.1%). 
Among these cases, local recurrence occurred in 11.5%, nodal 
metastasis in 7.6%, and distant metastasis in 7.6%.

Margin positivity was significantly associated with recurrence 
and metastasis (p=0.022), although the subgroup size was small.

DISCUSSION
Cutaneous squamous cell carcinoma (cSCC) is one of the most 
common non-melanoma skin cancers worldwide; however, 
identifying reliable clinical predictors of outcomes remains 
challenging. Several large-scale studies and meta-analyses 
have attempted to clarify these prognostic parameters. 
Thompson et al.3 analyzed more than 17,000 patients and 
found that tumor size >2 cm, poor differentiation, and high-risk 
anatomical location were strongly associated with recurrence 
and metastasis. More recent multicenter evaluations of staging 

systems, such as the AJCC and BWH classifications, have 
confirmed the prognostic value of these parameters.10,11,15,16 
Similarly, Brantsch et al.17 demonstrated in a prospective cohort 
that tumor thickness and grade independently predicted nodal 
spread and disease-specific death. Furthermore, the 2023 
European consensus guideline emphasized complete excision 
and rigorous margin control in all high-risk cSCCs.15

Despite the abundance of data from Western populations, 
regional evidence from Mediterranean and continental 
climates remains scarce. Variations in skin phototypes, 
environmental UV exposure, and occupational habits may 
influence tumor behavior and recurrence risk. Our study 
contributes to this gap by providing one of the largest single-
center analyses from our region, including 428 surgically 
treated primary cSCC cases over a 15-year period.

In our cohort, local recurrence, nodal metastasis, and 
distant metastasis occurred in 4.5%, 4.7%, and 1.9% of 
cases, respectively—rates comparable to those reported 
internationally.3,15 The strength of this study lies not only in its 
sample size but also in its detailed pathological documentation, 
particularly regarding margin status and histological subtypes, 
which are often underreported in similar retrospective cohorts.

Tumor size, differentiation, anatomical site, variant histology, 
and margin status emerged as the most relevant prognostic 
parameters. In the present study, multivariable binary 
analysis identified tumor size and positive surgical margins 
as independent predictors of local recurrence. Increasing 
tumor size was associated with a higher risk of recurrence, 
demonstrating a dose–response relationship. These findings 
are consistent with previous reports emphasizing the 
prognostic importance of tumor diameter and adequacy of 
excision in cutaneous SCC. Larger tumors may demonstrate 
more aggressive biological behavior and subclinical 
extension, increasing the risk of recurrence. Similarly, 
positive surgical margins remain one of the most important 
modifiable risk factors for local failure. A stepwise increase in 
recurrence and metastasis risk was observed with increasing 
tumor size, reinforcing the prognostic role of size previously 
highlighted in meta-analyses.3,16 Poor differentiation also 

Table 2. Logistic regression analysis of predictors of local recurrence in cSCC

Variables Crude OR (cOR) (95% CI) p Adjusted OR (aOR) (95% CI) p

Age, years 1.01 (0.97–1.05) 0.711 1.00 (0.96–1.04) 0.924

Tumor size, cm 1.56 (1.22–2.00) <0.001 1.51 (1.17–1.95) 0.002

Perineural invasion 4.48 (0.50–40.34) 0.181 3.69 (0.38–35.78) 0.261

Positive surgical margin 5.17 (1.57–17.02) 0.007 3.80 (1.05–13.67) 0.041

cOR: Crude odds ratio; aOR: adjusted odds ratio; CI: Confidence interval. The multivariable model included age, tumor size, perineural invasion, and surgical margin status.

Figure 2. Association of tumor size with recurrence and 
metastasis.
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independently correlated with adverse outcomes, supporting 
earlier observations that histological grade reflects tumor 
aggressiveness.17 Moreover, variant histological subtypes, 
such as clear-cell and spindle-cell carcinoma, were associated 
with increased recurrence, adding valuable information to the 
limited data available on these rare variants.

Anatomical site analysis confirmed that tumors in high-risk 
regions, especially the lip and auricle, had a higher rate of nodal 
metastasis, consistent with previous evidence suggesting early 
lymphatic dissemination due to minimal subcutaneous tissue 
and rich vascularity.15,16 Surgical margin status was another 
clinically meaningful prognostic variable; margin positivity 
correlated with recurrence and metastasis, aligning with 
current European guidelines emphasizing complete excision 
and, when necessary, re-excision or adjuvant therapy.15

This study’s value also lies in its geographic and demographic 
relevance. Environmental UV exposure, occupational risks, 
and skin phototypes in our population differ from those 
in Western cohorts, and these factors likely contribute to 
the slightly higher proportion of high-risk anatomical sites 
observed in this study. Thus, our findings provide region-
specific evidence that complements and broadens the global 
understanding of cSCC prognosis.

Despite its strengths, this study has limitations. Its retrospective 
design may introduce selection bias, and the tumor-based 
analytical approach may lead to intra-patient correlation in cases 
with multiple lesions. Although multivariable binary analyses were 
performed for local recurrence, the limited number of metastatic 
events restricted multivariable modeling for distant metastasis. 
In addition, detailed information on immunosuppression status, 
prior radiotherapy history, and chronic inflammatory conditions at 
the tumor site was not consistently available in the retrospective 
records and therefore could not be incorporated into the 
analysis. Detailed quantitative data on adjuvant radiotherapy 
administration were also not consistently available in the 
retrospective records and were therefore not analyzed separately. 
Furthermore, molecular data were unavailable; integrating 
biomarkers such as TP53 or NOTCH mutations could enhance risk 
stratification in future prospective studies.

CONCLUSION
Tumor size, histological differentiation, anatomical site, and 
margin status remain the most practical predictors of adverse 
outcomes in cutaneous squamous cell carcinoma. This 15-
year, single-center study provides region-specific long-term 
data that fill an important gap in the literature and underline 
the value of margin control and close follow-up for high-risk 
lesions. Future prospective studies integrating molecular and 
immunologic biomarkers are needed to refine individualized 
prognostic models.
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Objective: The development of psoriasis involves disrupted signaling interactions 
between immune components and keratinocytes, leading to a chronic autoimmune 
state characterized by sustained inflammatory responses and epidermal hyperplasia. 
This study aimed to elucidate the anti-inflammatory potential of loganin (LOG) against 
the inflammasome–SIRT1 signaling pathway in a CaCl₂- and imiquimod (IMQ)-induced 
cellular model.
Materials and Methods: HaCaT cells were differentiated using CaCl₂ and IMQ to establish a 
psoriasis-like inflammatory model. Cell viability and the IC50 dose of LOG were determined 
using the MTT assay. Morphological alterations were assessed by hematoxylin and eosin 
(H&E) staining. Protein expression levels of NLRP3, ASC, and SIRT1 were analyzed using 
immunofluorescence staining. In addition, IL-1β and TNF-α levels were quantified by 
enzyme-linked immunosorbent assay (ELISA), while the expression of genes related to the 
inflammasome, pyroptosis, and apoptosis was measured using qPCR.
Results: Differentiation of HaCaT cells was induced by CaCl₂ and IMQ to establish an in 
vitro model of psoriatic inflammation. Following treatment, the MTT assay was used to 
determine the LOG IC50 dose and overall cell viability. Structural changes were documented 
using hematoxylin and eosin (H&E) staining. The protein expression status of NLRP3, ASC, 
and SIRT1 was characterized using immunofluorescence staining. In addition, enzyme-
linked immunosorbent assay (ELISA) was used to quantify IL-1β and TNF-α levels, whereas 
the expression profiles of genes associated with apoptotic and pyroptotic signaling were 
analyzed by qPCR.
Conclusion: LOG exerts potent anti-psoriatic effects by suppressing NLRP3 inflammasome-
mediated pyroptosis and restoring apoptotic competence in hyperproliferative keratinocytes 
through SIRT1 activation. These findings highlight LOG as a promising translational 
candidate for targeting keratinocyte-driven inflammation in psoriasis and warrant further 
preclinical and clinical investigation.
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INTRODUCTION
Psoriasis is a chronic, immune-mediated autoimmune 
dermatological disorder characterized by erythematous plaques, 
epidermal hyperplasia, abnormal keratinocyte differentiation, 
and persistent inflammation, affecting approximately 2% of the 
global population.1 Epidemiological data from Türkiye indicate a 
prevalence of approximately 1.18%.2 Inflammatory mechanisms 
in psoriasis lead to dysregulated keratinocyte proliferation and 
impaired differentiation, thereby affecting the phenotypic 
presentation and therapeutic outcomes of the disease.3 In 
addition to its clinical cutaneous symptoms, psoriasis carries a 
substantial psychosocial and socioeconomic burden, leading to 
profound impairment in quality of life, emotional distress, and 
social stigmatization.4

Current paradigms recognize keratinocytes not as bystanders 
but as integral components of the innate immune response 
in psoriasis.3,5 The interplay between these cells and Th17-
axis cytokines, including IL-17A and IL-22, triggers a cascade 
of dysregulated proliferation and impaired maturation, 
sustaining the inflammatory milieu.5 Key pro-inflammatory 
cytokines, particularly interleukin-1β (IL-1β), serve as essential 
orchestrators of the persistent inflammatory environment 
observed in autoinflammatory skin diseases, including 
psoriasis. The IL-1β signaling pathway may play a role in 
cutaneous inflammation and the development of psoriasis 
by directly regulating cutaneous IL-17-producing cells and 
stimulating keratinocytes.6 The inflammasome and pyroptosis 
pathways are mechanisms that initiate the release of IL-1.7 
Inflammasomes are cytoplasmic multiprotein complexes 
that function as crucial regulators of innate immune cells.8 
The formation of a functional NLRP3 inflammasome complex 
requires an initial stimulus that enables the transcriptional 
upregulation of the NLRP3 receptor and pro-IL-1β precursors. 
The oligomerization of the inflammasome, triggered by 
secondary signals, initiates the secretion of pro-inflammatory IL-
1β and IL-18 through active caspase-1 (Casp-1).9 Recent findings 
have identified an extensive range of molecular pathways 
and genetic variants that influence inflammasome dynamics, 
thereby predisposing individuals to the chronic inflammatory 
environment of psoriasis.10 Beyond cytokine maturation, Casp-
1 activation orchestrates gasdermin D (GSDMD)-mediated 
pyroptosis, a specialized form of inflammatory cell death. This 
process facilitates the substantial release of mature IL-1β into 
the extracellular space, thereby potentiating the sustained 
inflammatory response.11 Recent studies have underscored the 
critical role of GSDMD-driven keratinocyte pyroptosis in the 
etiology of psoriasis, where it serves as a key link between the 
immunological microenvironment and the hallmark features of 
the disease, namely epidermal hyperproliferation and aberrant 
differentiation.12

Loganin (LOG), an iridoid glycoside, is the main active constituent 
of the medicinal plant Cornus officinalis, especially in traditional 
Chinese medicine.13 Accumulating evidence indicates that LOG 
exhibits anti-inflammatory, antioxidant, and neuroprotective 
properties.14 Notably, LOG has been shown to attenuate 
inflammatory injury in acute kidney failure by modulating the 
NRF2/HO-1 signaling pathway.15 In addition, LOG has been 
reported to ameliorate hepatic steatosis by inhibiting the 
NLRP3 inflammasome.16 Furthermore, LOG attenuated high-
glucose-induced pyroptosis by suppressing reactive oxygen 
species (ROS) production and NLRP3 inflammasome activation 
in the treatment of diabetic peripheral neuropathy.17 Despite 
these promising findings, the effects of LOG on keratinocyte 
biology and NLRP3 inflammasome-associated pyroptosis 
remain largely unexplored.

Given the emerging role of keratinocyte inflammasome 
activation in psoriasis, this study aimed to investigate whether 
LOG exerts anti-psoriatic effects by modulating the NLRP3–
SIRT1 axis, suppressing inflammasome-mediated pyroptosis, 
and restoring apoptotic balance in an in vitro psoriasis model 
induced by imiquimod and CaCl₂. By elucidating these 
molecular mechanisms, the present study seeks to provide 
translational insight into the potential therapeutic relevance 
of LOG in keratinocyte-driven psoriatic inflammation.

METHODS
Establishment of an in Vitro Psoriasis Model With CaCl₂ 
and IMQ and Cell Viability Assay

In Vitro Psoriasis Induction and Cytotoxicity Assessment

The immortalized human keratinocyte line HaCaT (ATCC, PCS-
200-011) was cultured under standard culture conditions 
(37°C, 5% CO₂) in calcium-depleted Dulbecco’s Modified 
Eagle Medium (DMEM; HyClone #SH3031901). This growth 
environment was supplemented with 10% calcium-free fetal 
bovine serum (FBS; Gemini Bio Products, #100–106), 2 mM 

KEY MESSAGES

•	 Loganin may attenuate imiquimod-induced keratino-
cyte inflammation and hyperplasia by modulating the 
NLRP3–SIRT1 signaling axis.

•	 Loganin reduced pro-inflammatory cytokine release 
and attenuated gasdermin D-mediated pyroptotic 
markers in HaCaT cells.

•	 By upregulating SIRT1, loganin may promote a shift 
from inflammatory pyroptosis toward controlled 
apoptosis, suggesting its potential therapeutic value 
in psoriasis management.
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L-glutamine, and a 1% antibiotic cocktail. The transition to a 
psoriasis-mimetic state and subsequent differentiation were 
performed in accordance with the specialized laboratory 
framework previously optimized by our research team.18 
To establish the in vitro psoriasis model, HaCaT cells were 
stimulated with 2 mM CaCl₂ and 25 μM imiquimod (IMQ). 
Cell survival was evaluated in the in vitro psoriasis model 
(control), and the cell proliferation assay (MTT) was used to 
assess the effects of LOG at concentrations ranging from 10 
to 160 µM. Drugs were administered at defined doses 24 
hours after HaCaT cells were cultured. Cells were incubated 
with 10 mg/mL MTT solution (Invitrogen, M6494) for 4 hours, 
and absorbance was measured at 570 nm using a microplate 
reader (Biobase, China). The MTT assay was performed in six 
technical replicates per group, and the entire experiment was 
repeated in three independent biological replicates.

Hematoxylin and Eosin (H&E) Staining

To assess the general morphological characteristics of the cells, 
H&E staining was performed based on our previous study.19 
Briefly, cells seeded on adhesive coverslips were fixed with 4% 
paraformaldehyde (PFA) and washed with phosphate-buffered 
saline (PBS). The cells were then stained with hematoxylin for 1 
minute and eosin for 45 seconds at room temperature. Stained 
cells were visualized and imaged using a light microscope. 
Morphological evaluation was performed by analyzing at least 
five random fields per group.

Immunofluorescence (IF) Staining

HaCaT cells were plated on coverslips and treated with LOG 
under psoriasis-inducing conditions. After incubation, cells 
were fixed with 4% PFA and permeabilized using 0.25% Triton 
X-100 for 10 minutes. Subsequently, cells were incubated for 1 
hour at room temperature in PBS containing 5% bovine serum 
albumin (BSA). Cells were then incubated overnight at 4°C in 
a humidified chamber with the following primary antibodies: 
anti-NLRP3 (E-AB-65952, Elabscience Biotechnology), anti-ASC 
(E-AB-63530, Elabscience Biotechnology), and anti-SIRT1 (E-
AB-32901, Elabscience Biotechnology). The following day, cells 
were incubated with FITC-conjugated secondary antibodies, 
washed, and mounted using DAPI-containing mounting 
medium. Fluorescent images were captured using an Olympus 
BX53 fluorescence microscope with a DP74 camera attachment. 
For quantitative immunofluorescence analysis, five random 
non-overlapping fields per coverslip were imaged, and mean 
fluorescence intensity was quantified using ImageJ software 
(NIH, USA) from at least 50 cells per group.

Enzyme-Linked Immunosorbent Assay (ELISA)

Cell culture supernatants were harvested 48 hours after 
induction of the psoriasis-like inflammatory condition and 

subsequently subjected to ELISA analysis. Commercially 
available ELISA kits specific for interleukin-1β (IL-1β; 
BioLegend, Cat. No. 437004) and tumor necrosis factor-α 
(TNF-α; BioLegend, Cat. No. 433915) were used in accordance 
with the manufacturers’ instructions. Absorbance values were 
measured at 450 nm with wavelength correction at 570 nm, 
and cytokine concentrations were determined by interpolation 
from standard curves. Cytokine levels were measured in 
triplicate for each sample, and the results were validated across 
three independent biological experiments (n=3).

Quantitative Reverse Transcription Polymerase Chain 
Reaction (qPCR) Analysis

Cells from the psoriasis model and treatment groups were 
subjected to trypsinization. The cells were subsequently 
suspended in 500 μL of TRIzol (Sigma-Aldrich, T9424) 
and homogenized by sonication. Total RNA was isolated 
according to the manufacturer’s TRIzol protocol. cDNA 
synthesis was performed using the iScript™ cDNA Synthesis 
Kit (Bio-Rad, Cytiva, GE27-9261-01). The genes specified in 
the table were analyzed using SYBR Green staining with the 
Applied Biosystems StepOnePlus Real-Time PCR System. The 
expression levels of the tested genes were normalized to basal 
β-actin mRNA expression. The 2–∆∆Ct method was used to 
calculate the relative fold change in gene expression among 
samples. Data are presented as fold change relative to the 
cell control. All qPCR reactions were performed in triplicate, 
and gene expression levels were normalized across three 
independent biological replicates (n=3).

Statistical Analysis
All statistical evaluations and graphical analyses were performed 
using GraphPad Prism software (version 8.0; GraphPad Software, 
San Diego, CA, USA). Sample sizes (n) were determined based 
on preliminary experiments and established protocols in 
similar in vitro models to ensure adequate statistical power. 
Experimental data are expressed as mean±standard error of 
the mean (SEM). Comparisons between two independent 
groups were performed using Student’s t-test or the Mann–
Whitney U test, depending on data distribution; in these cases, 
multiple comparison tests were not applied in accordance with 
statistical requirements. For analyses involving multiple groups, 
one-way analysis of variance (ANOVA) followed by Tukey’s post 
hoc test was used to determine significant differences between 
specific pairs. Differences among multiple experimental groups 
at a single time point, including qPCR, ELISA, and IF analyses, 
were determined using one-way ANOVA followed by Tukey’s 
post hoc test. For experiments involving multiple time intervals, 
including the MTT assay, one-way ANOVA followed by Sidak’s 
post hoc test was used to evaluate the interaction between 
treatment and time factors.
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RESULTS
LOG Treatment Decreases Cell Number and Induces 
Morphological Changes

HaCaT cells were differentiated with IMQ and CaCl₂ to 
establish a psoriasis-like inflammatory model, as previously 
described.18 Cells were subsequently treated with increasing 
concentrations of LOG (10–160 μM) to evaluate its effects 
on keratinocyte viability. LOG induced a dose-dependent 
reduction in cell proliferation, with no significant effects at 
low concentrations (10–20 µM) and marked suppression 
at higher doses (40–160 µM) (Fig. 1a). Dose–response 
analysis identified an IC₅₀ of approximately 120 µM (Fig. 
1b). To assess general morphological changes, hematoxylin 

and eosin staining was performed. IMQ+CaCl₂-stimulated 
keratinocytes exhibited increased cell density, prominent 
mitotic figures, and abnormal nuclear morphology, consistent 
with a hyperproliferative phenotype (Fig. 1c). In contrast, LOG-
treated cells displayed a marked reduction in cell number, 
altered nucleus-to-cytoplasm ratios, chromatin condensation, 
and pyknotic nuclei, indicating the induction of apoptosis-like 
morphological features.

LOG Modulates the NLRP3 Inflammasome–SIRT1 Axis in 
Psoriasis-Like Keratinocytes

To determine whether LOG influences the NLRP3 
inflammasome–SIRT1 axis, changes in the protein levels of 
NLRP3, ASC, and SIRT1 were evaluated using IF staining. The 
obtained images and fluorescence intensity analyses revealed 
that, compared with the control group, LOG treatment 
resulted in a significant reduction in the fluorescence intensity 
of NLRP3 and ASC, whereas SIRT1 expression was significantly 
increased (p<0.0001) (Fig. 2a–c). Quantitative fluorescence 
analysis confirmed these observations, demonstrating a 
robust inverse relationship between inflammasome activation 
markers and SIRT1 expression following LOG treatment.

LOG Suppresses Pro-Inflammatory Cytokine Release in 
IMQ-Induced Keratinocytes

The secretion of pro-inflammatory cytokines was assessed to 
evaluate the inflammatory status of keratinocytes. IMQ+CaCl₂ 
stimulation significantly increased the release of TNF-α and IL-
1β in HaCaT cells compared with control conditions, confirming 
the induction of an inflammatory, psoriasis-like phenotype 
(Fig. 3a, b). Treatment with LOG significantly reduced the 
release of both cytokines and partially restored cytokine 
levels to those observed in control cells (Supplementary Table 
1a, b). These findings demonstrate that LOG exerts a potent 
anti-inflammatory effect in this in vitro psoriasis model by 
suppressing key cytokines involved in keratinocyte-derived 
inflammatory responses.

LOG Attenuates Inflammasome- and Pyroptosis-Related 
Gene Expression While Modulating Apoptotic Markers

To further characterize the molecular effects of LOG, 
the expression of genes associated with inflammasome 
activation, pyroptosis, and apoptosis was analyzed by qRT-
PCR. Stimulation with IMQ+CaCl₂ significantly upregulated 
the expression of inflammation-related genes, including 
GSDM, NLRP3, Casp-1, and IL-1β, compared with healthy 
control cells, confirming the induction of a psoriasis-
like inflammatory phenotype (Fig. 4a–d). LOG treatment 
significantly downregulated NLRP3 and IL-1β expression 
and showed a tendency toward decreased GSDM and Casp-
1 levels compared with the IMQ+CaCl₂ group, indicating 

Figure 1. Effects of LOG on cell viability and morphology in 
IMQ+CaCl₂-differentiated HaCaT cells. (a) Cell proliferation 
analysis showing a dose-dependent reduction in HaCaT cell 
viability following LOG treatment (10–160 µM) compared 
with control cells after IMQ+CaCl₂-induced differentiation. 
(b) Dose–response curve illustrating the inhibitory effect 
of LOG on HaCaT cell proliferation, with an IC₅₀ value of 
approximately 120 µM. (c) H&E-stained cellular images. 
Black arrows, red arrows, and black arrowheads indicate 
mitotic figures in proliferating cells, abnormal chromosome 
segregation, and apoptosis-like cells, respectively. Scale 
bar: 100 µm. Data are presented as mean±SEM and were 
analyzed using one-way ANOVA followed by Tukey’s 
multiple comparisons test.

ns: Not significant; ***: P<0.001; ****: P<0.0001.

(a)

(c)

(b)
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attenuation of inflammatory activation (Supplementary Table 
2a–c, f ). Analysis of apoptosis-related markers revealed that 
IMQ+CaCl₂ alone did not significantly alter BAX expression, 
whereas LOG treatment significantly increased BAX levels 
compared with both the control and psoriasis model groups 
(Fig. 4e; Supplementary Table 2d). In contrast, the expression 
of the anti-apoptotic gene BCL2 decreased only in the LOG-
treated group but remained unchanged in the other groups 
(Fig. 4f; Supplementary Table 2e). Collectively, these findings 
demonstrate that LOG attenuates IMQ+CaCl₂-induced 
inflammatory signaling primarily through inhibition of the 
NLRP3 inflammasome axis, resulting in a selective reduction 
in associated apoptotic signaling and supporting a protective 
and anti-inflammatory role for LOG in vitro.

DISCUSSION
Psoriasis is a chronic inflammatory skin disorder in which 
dysregulated keratinocyte proliferation and differentiation 
are accompanied by persistent activation and accumulation 
of immune cells within the epidermal and dermal layers.20 
Increasing evidence indicates that keratinocytes are not 
merely passive targets of immune-mediated injury but 
actively contribute to the initiation and perpetuation of 
psoriatic inflammation through cytokine production and 
innate immune signaling pathways.21 In this context, targeting 

keratinocyte-driven inflammatory mechanisms has emerged 
as a promising therapeutic strategy in psoriasis.

Figure 2. Immunofluorescence images of cells stained for 
NLRP3 (a), ASC (b), and SIRT1 (c). Primary antibodies were 
detected using FITC-conjugated secondary antibodies 
(green), and cell nuclei were visualized by DAPI staining 
(blue). Mean fluorescence intensity in cells (n=30) was 
quantified using ImageJ software. Statistical significance 
was determined at ****p<0.0001. Scale bar: 100 µm.

(a)

(c)

(b)

Figure 3. Effects of LOG on pro-inflammatory cytokine 
secretion in IMQ+CaCl₂-differentiated HaCaT cells. HaCaT 
cells were differentiated using IMQ+CaCl₂ and treated with 
LOG, after which the levels of (a) TNF-α and (b) IL-1β in 
culture supernatants were quantified. Data are presented 
as mean±SEM and were analyzed using one-way ANOVA 
followed by Tukey’s multiple comparisons test.

**: P<0.01; ***: P<0.001; ****: P<0.0001.

(a) (b)
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In recent years, in vitro psoriasis-like models based on cytokine- 
and IMQ-stimulated HaCaT keratinocytes have been widely 
used to reduce animal experimentation and enable the rapid 
screening of potential therapeutic compounds.18,22,23 Previous 
studies have shown that stimulation with 2 mM CaCl₂ and 25 
μM IMQ induces a pathological hyperproliferative response 
in HaCaT cells, as evidenced by increased cell viability and 
proliferation markers such as PCNA.18,22 In contrast to this 
uncontrolled proliferation, our findings demonstrate that 

LOG significantly suppresses keratinocyte proliferation and 
reverses the inflammation-induced increase in cell viability 
in the psoriatic in vitro model. Although LOG treatment 
was associated with downregulation of the NLRP3/ASC 
inflammasome and concomitant upregulation of SIRT1, it is 
important to note that these changes are correlative. Further 
mechanistic studies are required to establish a direct causal 
link between SIRT1 activation and inhibition of the NLRP3/ASC 
pathway in this context.

Figure 4. LOG modulates inflammasome- and apoptosis-related gene expression in an IMQ+CaCl₂-induced in vitro psoriasis 
model. Expression levels of (a) gasdermin (GSDM), (b) NLRP3, (c) caspase-1 (CASP1), (d) BAX, (e) BCL2, and (f) IL-1β were 
assessed in healthy control cells, IMQ+CaCl₂-stimulated cells, and LOG-treated cells. IMQ+CaCl₂ significantly upregulated 
inflammasome-associated genes, whereas LOG treatment significantly reduced NLRP3 and IL-1β expression, increased BAX 
expression, and decreased BCL2 expression. Data are presented as mean±SEM. Statistical analysis was performed using one-
way ANOVA followed by Tukey’s multiple comparisons test.

ns: Not significant; *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.0001.

(a)

(d)

(b)

(e)

(c)

(f)
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Psoriatic keratinocytes are known to exhibit resistance to 
apoptosis, which contributes to epidermal hyperplasia and 
disease persistence.24 In the present study, LOG treatment induced 
cellular changes consistent with apoptotic cell death, including 
nuclear condensation and reduced cell density, suggesting that 
the antiproliferative effect of LOG may be mediated, at least in 
part, through restoration of apoptosis in keratinocytes. Although 
the IC₅₀ value of LOG is relatively high and may raise concerns 
regarding cytotoxicity, the selective regulation of inflammatory 
and apoptotic gene expression, together with apoptosis-specific 
morphological changes, supports pathway-specific effects 
rather than nonspecific toxicity. The concentration applied in this 
study, selected based on preliminary dose–response analyses 
and relevant in vitro literature, suggests that LOG may restore 
apoptotic balance in psoriatic keratinocytes and contribute to 
epidermal homeostasis.25

The NLRP3 inflammasome is a multiprotein complex 
composed of a sensor receptor, the ASC adaptor, and pro-
caspase-1, and it plays a central role in the pathogenesis of 
psoriasis.26 Previous studies have demonstrated that NLRP3 
and caspase-1 expression levels are markedly increased in 
psoriatic lesions compared with healthy skin, contributing to 
excessive production of bioactive IL-1β and IL-18 and thereby 
sustaining chronic inflammation.27,28 NLRP3 activation also 
promotes the cleavage of gasdermin D (GSDMD), leading to 
pore formation in the plasma membrane and induction of 
pyroptotic cell death.29 In keratinocytes, this process amplifies 
the inflammatory microenvironment by enhancing IL-17/IL-
23 axis activity, which promotes epidermal hyperproliferation 
and immune cell recruitment.30

ASC-mediated assembly of the NLRP3 inflammasome is a 
critical determinant of inflammatory severity in psoriatic skin, 
whereas SIRT1 activation negatively regulates this pathway 
by suppressing inflammasome activation and limiting IL-
1β release from keratinocytes.26,31 LOG treatment effectively 
suppressed NLRP3 inflammasome activation in the psoriasis-
like keratinocyte model while concomitantly increasing SIRT1 
expression levels. These changes suggest an inhibitory effect 
of LOG on inflammasome assembly and pyroptosis-associated 
signaling in keratinocytes. Moreover, the inverse association 
between SIRT1 expression and inflammasome components 
observed in this study supports a regulatory interplay 
between these pathways, although a direct causal relationship 
cannot be inferred. Collectively, these findings indicate that 
LOG modulates pyroptosis-related inflammatory signaling in 
keratinocytes and may represent a promising candidate for 
targeting keratinocyte-driven inflammation in psoriasis.

TNF-α and IL-1β form a mutually reinforcing inflammatory loop 
via the NLRP3 inflammasome, sustaining chronic inflammation 

and keratinocyte hyperproliferation in psoriasis.32 TNF-α 
activates the NF-κB/NLRP3/IL-1β axis, in which mature IL-
1β enhances the Th17 response and sustains keratinocyte 
hyperproliferation. This feedback loop triggers further 
TNF-α release, driving chronic inflammation and creating a 
pathological cycle whose central role in disease severity is 
clinically validated by the efficacy of TNF-α inhibitors.33 In this 
study, the increased release of IL-1β and TNF-α in keratinocytes 
stimulated with IMQ+CaCl₂ supports the central role of these 
cytokines in psoriasis. Keratinocyte-derived TNF-α and IL-1β 
contribute to the maintenance of the inflammatory response 
and the persistence of lesions. The observed reduction in both 
cytokines following LOG treatment suggests a potential role 
for this compound in modulating psoriasis pathogenesis, likely 
through suppression of keratinocyte-derived inflammatory 
responses.

It is now widely recognized that, in the pathogenesis of 
psoriasis, keratinocytes serve not only as responders to 
inflammatory signals but also as active effectors of innate 
immunity.33 Enhanced NLRP3 inflammasome activation in 
psoriatic keratinocytes appears to fuel the inflammatory 
microenvironment through pyroptosis-associated membrane 
damage and elevated IL-1β release, thereby potentially 
strengthening the Th17/IL-23 axis and contributing to 
epidermal hyperplasia and lesion chronicity.34 In this context, 
the inhibition of NLRP3 and ASC expression observed 
following LOG treatment suggests a potential restriction of 
pyroptosis, which may help disrupt the keratinocyte-driven 
inflammatory cycle.

Given that keratinocytes in the psoriatic epidermis exhibit 
characteristic resistance to apoptosis, a crucial factor in 
hyperproliferation, restoring apoptotic regulation may have 
therapeutic relevance.35 In our study, the downregulation of 
the anti-apoptotic protein Bcl-2, together with increased Bax 
expression and associated morphological changes, indicates 
a possible shift in cell death pathways. These results suggest 
that LOG may favor regulated apoptosis over the more 
pro-inflammatory pyroptotic pathway, a shift that could 
be relevant for both limiting inflammatory signaling and 
enabling the controlled elimination of hyperproliferative 
cells. Taken together with the observed suppression of NLRP3 
inflammasome activity and upregulation of SIRT1 in the in 
vitro model, our findings suggest that LOG may exert both 
anti-inflammatory and antiproliferative effects in psoriatic 
keratinocytes under experimental conditions. Although these 
results are limited to an in vitro setting, they indicate that LOG 
has the potential to modulate key pathways associated with 
inflammation and keratinocyte hyperproliferation, warranting 
further investigation in more advanced experimental models 
of psoriasis.
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Notably, GSDMD-mediated pyroptosis has been shown to 
exacerbate local inflammation by disrupting keratinocyte 
membrane integrity and promoting the release of pro-
inflammatory cytokines, whereas inhibition of this pathway 
alleviates psoriatic inflammation and clinical manifestations.36 
In this context, the concurrent suppression of multiple 
pyroptosis-related components by LOG highlights a potential 
mechanism through which keratinocyte-driven inflammatory 
circuits may be disrupted in psoriasis.

Previous studies indicate that LOG exerts a broad inhibitory 
effect on the NLRP3 inflammasome pathway, which plays 
a pivotal role in psoriatic inflammation, as well as on the 
associated pyroptotic process.37 The significant decrease in 
NLRP3, ASC, caspase-1 (Casp-1), and GSDMD gene expression 
observed after treatment, along with the suppression of IL-1β 
and TNF-α release, is consistent with previous studies reporting 
that these inflammatory mediators are overexpressed in 
psoriatic lesions and play a key role in disease pathogenesis. 
Notably, GSDMD-mediated pyroptosis has been shown to 
exacerbate local inflammation by disrupting keratinocyte 
membrane integrity and promoting the release of pro-
inflammatory cytokines, whereas inhibition of this pathway 
alleviates psoriatic inflammation and clinical manifestations.38 
In this context, the concurrent suppression of multiple 
pyroptosis-related components by LOG highlights a potential 
mechanism through which keratinocyte-driven inflammatory 
circuits may be disrupted in psoriasis.

From a translational perspective, the ability of LOG to 
simultaneously suppress inflammatory cytokine release, 
including IL-1β and TNF-α, and restore apoptotic balance in 
keratinocytes highlights its therapeutic relevance. Current 
psoriasis therapies primarily target immune mediators, 
whereas direct modulation of keratinocyte-intrinsic 
inflammatory pathways remains relatively underexplored.39 
Our results suggest that LOG may complement existing 
therapeutic strategies by acting directly at the level of the 
epidermis, thereby potentially enhancing treatment efficacy 
and durability. Despite these promising findings, the present 
study is limited by its reliance on a single in vitro model, which 
cannot fully capture the systemic complexity of psoriasis; 
therefore, future research involving primary human cells and 
in vivo models is essential to confirm the causal link between 
SIRT1 and NLRP3 and to validate the clinical potential of LOG.

CONCLUSION
In conclusion, the present study suggests that LOG may exert 
anti-psoriatic activity in an in vitro model by modulating 
keratinocyte-driven inflammatory mechanisms. LOG was 
observed to suppress NLRP3 inflammasome activation and 
downstream pyroptotic signaling while upregulating SIRT1 

and supporting the restoration of apoptotic competence in 
hyperproliferative keratinocytes. This potential dual modulation 
of inflammatory cell death and apoptosis offers a possible 
mode of action that addresses key pathological features of 
psoriasis, such as inflammation and epidermal hyperplasia. By 
attenuating IL-1β and TNF-α release and potentially shifting 
keratinocyte fate from inflammatory pyroptosis toward 
controlled apoptosis, LOG emerges as a noteworthy candidate 
for further research on psoriasis management. Although 
further in vivo and clinical investigations are essential, these 
findings provide a preliminary experimental rationale for 
exploring LOG as a possible keratinocyte-targeted therapeutic 
strategy in psoriasis.
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Supplementary Table 1a. Comparison of TNF-α cytokine levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -68.00 -81.18 to -54.82 <0.0001 54.50±1.50 a

Control vs. LOG -28.90 -42.08 to -15.72 0.0013 122.50±2.48 c

IMQ+CaCl₂ vs. LOG 39.10 25.92 to 52.28 0.0002 83.40±4.39 b

Supplementary Table 1b. Comparison of IL-1β cytokine levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -27.00 -37.55 to -16.45 0.0006 35.50±3.35 a

Control vs. LOG -6.20 -16.75 to 4.35 0.2467 62.50±2.02 b

IMQ+CaCl₂ vs. LOG 20.80 10.25 to 31.35 0.0022 41.70±1.56 a
Data are presented as mean±SEM (n=3). Statistical significance was determined using one-way ANOVA followed by Tukey’s post hoc test. Different letters (a, b, c) 
indicate statistically significant differences between groups (p<0.05). Groups sharing the same letter are not significantly different.

Supplementary Table 2a. Comparison of gasdermin D (GSDMD) gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -0.5900 -0.8839 to -0.2961 0.0020 1.00±0.08 a

Control vs. LOG -0.2900 -0.5839 to 0.0039 0.0526 1.59±0.09 b

IMQ+CaCl₂ vs. LOG 0.3000 0.0061 to 0.5939 0.0463 1.27±0.05 a

Supplementary Table 2b. Comparison of NLRP3 gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -1.3200 -1.752 to -0.8878 0.0002 1.00±0.08 a

Control vs. LOG -0.4700 -0.9022 to -0.0378 0.0361 2.32±0.12 c

IMQ+CaCl₂ vs. LOG 0.8500 0.4178 to 1.282 0.0023 1.47±0.09 b

Supplementary Table 2c. Comparison of caspase-1 gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -0.8300 -1.330 to -0.3300 0.0054 1.00±0.12 a

Control vs. LOG -0.5700 -1.070 to -0.0700 0.0298 1.83±0.09 b

IMQ+CaCl₂ vs. LOG 0.2600 -0.2400 to 0.7600 0.3176 1.57±0.13 b

Supplementary Table 2d. Comparison of BAX gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -0.3500 -0.9128 to 0.2128 0.2166 1.00±0.13 a

Control vs. LOG -1.2700 -1.833 to -0.7072 0.0011 1.35±0.09 a

IMQ+CaCl₂ vs. LOG -0.9200 -1.483 to -0.3572 0.0058 2.27±0.16 b

Supplementary Table 2e. Comparison of BCL2 gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -0.1300 -0.4459 to 0.1859 0.4637 1.00±0.10 ab

Control vs. LOG 0.2500 -0.0659 to 0.5659 0.1119 1.13±0.08 a

IMQ+CaCl₂ vs. LOG 0.3800 0.0641 to 0.6959 0.0238 0.75±0.07 b

Supplementary Table 2f. Comparison of IL-1β gene expression levels
Comparison Mean difference 95% CI of difference Adjusted p value Mean±SEM Significance

Control vs. IMQ+CaCl₂ -0.8500 -1.165 to -0.5354 <0.0001 1.00±0.13 a

Control vs. LOG -0.4200 -0.8283 to -0.0118 0.0431 1.85±0.12 c

IMQ+CaCl₂ vs. LOG 0.4300 0.1154 to 0.7446 0.0069 1.42±0.08 b
Data are presented as mean±SEM (n=3). Statistical significance was determined using one-way ANOVA followed by Tukey’s post hoc test. Different letters (a, b, c) 
indicate statistically significant differences between groups (p<0.05). Groups sharing the same letter are not significantly different.
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Objective: This study aimed to investigate the relationship between oxidative stress 
markers, including ischemia-modified albumin (IMA), protein carbonyl compounds (PCC), 
and advanced oxidation protein products (AOPP), and functional status in children with 
cerebral palsy (CP).
Materials and Methods: A total of 53 children aged 5–12 years diagnosed with CP and 
28 age-matched healthy controls were included. Demographic and clinical characteristics, 
comorbidities, and the use of assistive devices were recorded after physical examination. 
Serum levels of IMA, PCC, and AOPP were measured in peripheral blood samples. Functional 
status was assessed using the Gross Motor Function Classification System (GMFCS). 
Correlations between GMFCS levels and oxidative stress markers were evaluated using 
Spearman’s correlation analysis.
Results: PCC and IMA levels were significantly higher in the CP group than in the control 
group (p<0.001 for both), whereas no significant difference was observed in AOPP levels 
(p=0.450). A statistically significant weak positive correlation was found between GMFCS 
levels and AOPP levels (rho=0.321, p=0.022). No significant correlations were observed 
between GMFCS levels and PCC, PCC protein, or IMA levels.
Conclusion: IMA and PCC levels were elevated in children with CP compared with healthy 
controls. In addition, AOPP levels showed a weak but significant association with functional 
status. These findings indicate that certain oxidative stress-related biomarkers are elevated 
in children with CP, whereas AOPP levels show a weak association with functional severity. 
Further longitudinal studies are warranted to clarify the role of oxidative stress in disease 
progression.
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INTRODUCTION
Cerebral palsy (CP) is a group of permanent disorders 
characterized by disturbances in movement, posture, 
and balance resulting from nonprogressive lesions in the 
developing fetal or infant brain.1,2 Children with CP frequently 
experience a wide range of comorbid conditions, including 
pain, epilepsy, cognitive and perceptual impairments, 
communication difficulties, behavioral problems, mental 
health disorders, and sleep disturbances.3

Oxidative stress occurs when the production of reactive 
oxygen species exceeds the capacity of antioxidant 
defense mechanisms, leading to cellular and molecular 
damage.4 This imbalance contributes to lipid peroxidation, 
protein oxidation, and DNA damage. Previous studies 
have demonstrated increased oxidative stress markers and 
reduced antioxidant capacity in both central and peripheral 
tissues in neurodegenerative diseases.5 Excessive oxidative 
product formation has been observed in various pathological 
conditions, including cancer, neurodegenerative disorders, and 
immune dysfunction,6–8 indicating that oxidative stress plays a 
critical role in the pathogenesis of brain-related disorders, such 
as mitochondrial dysfunction, cerebral ischemia, and epilepsy.9

In children with CP, several studies have reported elevated 
oxidative stress markers and diminished antioxidant levels, 
resulting in a shift toward a pro-oxidative state.10 Nutritional 
deficiencies, recurrent epileptic seizures, limited physical 
activity, and environmental factors have been suggested 
as potential contributors to oxidative imbalance in this 
population. Similar interactions between oxidative stress and 
disease progression have also been reported in other pediatric 
disorders.11

With advances in analytical techniques, the assessment of 
specific biomarkers of protein oxidation has gained increasing 
attention.12 Ischemia-modified albumin (IMA) is one such 
biomarker that can be measured in peripheral blood. Under 
conditions such as hypoxia, ischemia, and acidosis, reactive 
oxygen species modify the N-terminal region of human serum 
albumin, leading to the formation of IMA.13 Elevated IMA levels 
have been reported not only in ischemic conditions but also in 
metabolic syndrome and chronic liver diseases.14,15

Protein carbonyl compounds (PCC) are formed as a result of 
protein oxidation and represent stable, widely used markers of 
oxidative stress. Increased PCC levels have been documented 
in various pathological states, including malnutrition, 
epilepsy, and sarcopenia.16,17 Similarly, advanced oxidation 
protein products (AOPP) are generated during oxidative stress 
and have gained clinical relevance because of their ease of 
measurement and strong association with disease severity. 

Elevated AOPP levels have been observed in children with 
severe obesity and chronic renal failure, where they correlate 
with oxidative damage and disease progression.18,19

To the best of our knowledge, no previous study has evaluated 
IMA, PCC, and AOPP levels in children with CP. Therefore, the 
present study aimed to investigate the relationship between 
these oxidative stress markers and functional status in 
children with CP. Identifying potential associations between 
oxidative damage and functional impairment may contribute 
to improved prognostic assessment and the development of 
targeted therapeutic strategies.

METHODS
Study Design and Participants

This cross-sectional study was conducted between September 
2024 and September 2025 and included 53 children aged 5–12 
years who were diagnosed with cerebral palsy by a pediatric 
neurologist and followed up in the outpatient clinic. A control 
group consisting of 28 age-matched healthy children who 
attended the physical medicine and rehabilitation outpatient 
clinic for a routine physical examination was also recruited.

The exclusion criteria were the presence of genetic or metabolic 
disorders, autism spectrum disorder, chronic inflammatory 
diseases, malignancy, psychiatric disorders or intellectual 
disability in the child or parents, acute infection, recent trauma, 
epileptic seizures within the previous 3 months, and the use of 
immunosuppressive or nonsteroidal anti-inflammatory drugs.

The study was approved by Hitit University Faculty of Medicine 
Research Ethics Committee (Approval Number: 2024-45, Date: 
14.08.2024), and written informed consent was obtained from 
the parents of all participants. All procedures were conducted 
in accordance with the principles of the Declaration of Helsinki.

Clinical Assessment

Demographic and clinical characteristics, comorbidities, 
and assistive device use were recorded for all participants. 

KEY MESSAGES

•	 IMA and PCC levels were significantly higher in 
children with cerebral palsy than in healthy controls, 
indicating increased oxidative stress.

•	 AOPP levels showed a weak but significant positive 
association with GMFCS scores.

•	 These findings suggest that protein oxidation 
biomarkers may provide new insights into oxidative 
stress mechanisms in pediatric cerebral palsy.
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Motor function in children with CP was classified using the 
Gross Motor Function Classification System (GMFCS), which 
categorizes functional status into five levels ranging from Level 
I, indicating independent ambulation, to Level V, indicating 
severe functional limitation.20

Biochemical Measurements

Sample Collection and Preparation

After 12 hours of overnight fasting, 8 mL of venous blood was 
collected between 08:00 and 10:00 a.m. into clot activator 
tubes. Samples were allowed to clot at room temperature for 30 
minutes and then centrifuged at 4,000×g for 10 minutes. Serum 
samples were separated and stored at −70°C until analysis.

Reagents and Instruments

All chemicals and reagents used in the assays included 
dithiothreitol, cobalt chloride (CoCl₂·6H₂O), sodium chloride, 
Tris-barbital buffer, human serum albumin, phosphate-
buffered saline, glacial acetic acid, potassium iodide, 
chloramine-T, 2,4-dinitrophenylhydrazine, trichloroacetic acid 
(20% TCA), an ethanol/ethyl acetate mixture (1:1, v/v), and 
guanidine hydrochloride.

Spectrophotometric measurements were performed using a 
UV-visible spectrophotometer (Thermo Scientific Evolution 
201, USA).

Ischemia-Modified Albumin Assay

Serum IMA levels were determined using the albumin cobalt-
binding (ACB) assay. This method is based on the reduced 
capacity of modified albumin to bind cobalt ions. Briefly, 
serum samples were incubated with Co²+ ions, followed by the 
addition of dithiothreitol. Unbound cobalt formed a colored 
complex with DTT, and absorbance was measured at 470 nm. 
Higher absorbance values indicated increased IMA levels.

Determination of Protein Carbonyl Compounds

Serum PCC levels were measured based on the reaction 
between carbonyl groups in oxidized proteins and 
2,4-dinitrophenylhydrazine (DNPH), resulting in the formation 
of hydrazone derivatives. The absorbance of these derivatives 
was measured at 360 nm using a spectrophotometer.

Determination of Advanced Oxidation Protein Products

Serum AOPP levels were determined by measuring the 
oxidation of potassium iodide by chlorinated oxidants present 
in serum. The formation of triiodide ions was quantified 
spectrophotometrically at 340 nm, and the results were 
expressed as chloramine-T equivalents.

Power Analysis
The sample size calculation was performed using G*Power 
software based on the mean±standard deviation values of 
IMA levels reported by Cakır et al.21 The analysis was performed 
using a two-tailed independent samples t-test with an effect 
size of 0.79, an alpha error probability of 0.05, and a statistical 
power (1−β) of 0.80. The minimum required sample size was 
calculated as 78 participants. To compensate for potential 
missing biochemical data and laboratory-related sample 
losses, additional participants were recruited. Consequently, 
81 participants (53 children with cerebral palsy and 28 healthy 
controls) were included in the final analysis.

Statistical Analysis
Data were analyzed using IBM SPSS Statistics version 29.0 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics were presented 
as n, %, mean±standard deviation, median, minimum, and 
maximum values. The normality of numerical variables was 
assessed using the Shapiro-Wilk test, and the homogeneity 
of variances was evaluated using Levene’s test. Numerical 
variables were compared between two groups using an 
independent samples t-test, whereas the relationship between 
groups based on sex was analyzed using Yates’ chi-square test. 
Correlations between GMFCS values and blood parameters 
were assessed using Spearman’s correlation coefficient. A 
p-value of <0.05 was considered statistically significant.

RESULTS
A total of 81 participants were included in the study, comprising 
53 children with cerebral palsy and 28 healthy controls. There 
was no statistically significant difference in age between the 
groups. However, a significant difference was observed in sex 
distribution, with males accounting for 73.6% (n=39) of the 
CP group and 35.7% (n=10) of the control group (p<0.05). 
Maternal age at birth was significantly higher in the CP group 
than in the control group.

Table 1 presents the demographic and biochemical 
characteristics of the children. No significant difference was 
found in AOPP levels between the groups, whereas PCC and 
IMA levels were significantly higher in the CP group than in 
the control group.

Table 2 presents the clinical characteristics of the participants. 
Overall, 33 patients (62.2%) were diagnosed between 0 and 3 
months of age, 10 patients (18.9%) between 3 and 6 months, 
and 10 patients (18.9%) between 6 and 12 months, while 
14 patients (26.4%) were diagnosed at birth. Spastic CP was 
observed in 28 patients (52.8%), and 36 patients (67.9%) 
were born prematurely. Speech disorders were present in 38 
patients (71.7%), intellectual disability in 32 (60.4%), hearing 
impairment in 26 (49.1%), visual impairment in 27 (50.9%), and 
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epilepsy in 34 (64.2%). Twenty-five patients (47.2%) used solid 
ankle-foot orthoses, and 29 (54.7%) had received botulinum 
toxin injections. GMFCS levels ranged from I to V, with a 
median value of III.

Table 3 presents the results of the correlation analysis. A 
statistically significant weak positive association was found 
between GMFCS levels and AOPP levels (rho=0.321, p=0.022). 
Figure 1 shows the scatter plot demonstrating the relationship 
between GMFCS levels and AOPP concentrations. No significant 
correlations were observed between GMFCS levels and PCC, PCC 
protein, or IMA levels. Additional subgroup analyses showed no 
statistically significant associations between AOPP levels and 
CP subtype or risk factors (p>0.05 for all comparisons), although 
mean AOPP levels varied among the groups.

DISCUSSION
The present study demonstrated that serum IMA and PCC 
levels were significantly higher in children with cerebral palsy 
than in healthy controls, whereas these biomarkers were not 
associated with functional status. These findings suggest that 
oxidative stress is increased in children with CP regardless of 

Table 1. Demographic and biochemical characteristics of children with cerebral palsy and controls

Variables
Groups Test statistics

Cerebral palsy (n=53) Controls (n=28) Test value p

Age, years 7.75±1.57 8.32±1.36 1.616 0.110†

Sex, n (%) 0.002Ф

Male 39 (73.6) 10 (35.7) 9.467

Female 14 (26.4) 18 (64.3)

Maternal age at birth, years 32.36±4.18 26.54±4.39 5.856 <0.001†

AOPP, µmol/L 3.40±1.23 3.18±1.28 0.759 0.450†

PCC, pg/mL 4.28±1.08 3.24±0.86 4.423 <0.001†

IMA, ABSU 0.20±0.02 0.18±0.02 4.325 <0.001†

n: Number; %: Percentage. Numerical variables are presented as mean±standard deviation. †: Independent samples t-test; Φ: Yates’ Chi-square test; AOPP: Advanced 
oxidation protein products; PCC: Protein carbonyl compounds; IMA: Ischemia-modified albumin; µmol/L: Micromoles per liter; pg/mL: Picograms per milliliter; ABSU: 
Absorbance units.

Table 2. Clinical characteristics of children with cerebral 
palsy

Variables n %

Age at diagnosis

≤3 months 33 62.2

3–6 months 10 18.9

>6 months 10 18.9

Type of cerebral palsy

Ataxic 5 9.4

Dyskinetic 6 11.3

Hypotonic 14 26.4

Spastic 28 52.8

Risk factors and comorbidities

Hypothyroidism 1 1.9

Premature birth 36 67.9

Prolonged labor 16 30.2

Speech disorder 38 71.7

Intellectual disability 32 60.4

Hearing impairment 26 49.1

Visual impairment 27 50.9

Epilepsy 34 64.2

Use of solid AFO 25 47.2

Botulinum toxin injections 29 54.7

GMFCS 3 (1–5)

n: Number; %: Percentage; GMFCS values are presented as median (minimum–
maximum). AFO: Ankle-foot orthosis; GMFCS: Gross Motor Function Classification 
System.

Table 3. Correlation between GMFCS levels and oxidative 
stress markers

GMFCS

rho p

AOPP 0.321* 0.022

PCC 0.025 0.858

IMA -0.066 0.668

*: P<0.05; rho: Spearman correlation coefficient; GMFCS: Gross Motor Function 
Classification System; AOPP: Advanced oxidation protein products; PCC: Protein 
carbonyl compounds; IMA: Ischemia-modified albumin.
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functional severity, emphasizing the importance of evaluating 
oxidative imbalance in this population.

The global prevalence of CP is estimated to be approximately 
0.2–0.3%.22 Although advances in neonatal and obstetric 
care have reduced infant mortality, the overall burden of CP 
remains substantial, and the number of affected individuals 
continues to rise.23 Moreover, children with CP are at increased 
risk of developing chronic conditions in adulthood, including 
anxiety, depression, cardiovascular disease, osteoarthritis, and 
cerebrovascular disorders, contributing to increased morbidity 
and mortality.24 Oxidative stress has been implicated in the 
pathogenesis of various pediatric and neurodevelopmental 
disorders, including autism spectrum disorder and chronic 
renal failure.8,11,17 It has been proposed that oxidative stress 
plays a central role in the gene-environment interactions 
underlying CP.25 However, limited data are available on 
the long-term effects of oxidative imbalance and the most 
appropriate biomarkers for clinical assessment.

Oxidative stress activates multiple molecular pathways, 
including protein oxidation, carbonylation, glycosylation, 
lipoxidation, and nitration, leading to cumulative cellular 
damage.26 In the present study, IMA, PCC, and AOPP were 
evaluated as representative biomarkers of distinct oxidative 
pathways.

IMA is generated following the structural modification of 
albumin under ischemic and oxidative conditions and has 
been widely used as a marker of systemic oxidative stress. 
Elevated IMA levels have been reported in metabolic disorders, 

chronic kidney disease, neurodegenerative diseases, and 
autism, where they are associated with disease activity 
and clinical severity.27 Previous studies in adolescents with 
obsessive-compulsive disorder and children with autism have 
demonstrated increased IMA levels, although associations 
with disease severity were inconsistent.28,29 Consistent with 
these findings, our results revealed significantly higher 
IMA levels in children with CP than in controls, without a 
significant correlation with functional status. This may reflect 
the early and permanent nature of brain injury in CP, leading 
to persistent oxidative imbalance independent of current 
functional performance.

Protein carbonylation represents an irreversible oxidative 
modification that results in impaired protein function 
and cellular dysfunction. Increased PCC levels have 
been documented in metabolic, cardiovascular, and 
neurodegenerative disorders.30 Elevated PCC levels have also 
been observed in preterm infants with respiratory distress 
syndrome, without clear associations with disease severity.31 
Similarly, our findings demonstrated increased PCC levels 
in children with CP, suggesting sustained oxidative protein 
damage irrespective of functional independence.

AOPP are formed through the oxidative modification of plasma 
proteins and are closely related to chronic inflammation and 
oxidative stress.32 Previous studies in Alzheimer’s disease have 
shown increased AOPP levels, although IMA appeared to be 
a more sensitive biomarker in this context.33 In the present 
study, AOPP levels did not differ significantly between children 
with CP and controls. However, a weak but significant positive 
correlation was observed between AOPP levels and GMFCS 
scores, indicating a potential association between oxidative 
protein modification and functional impairment. These 
findings highlight the complex and heterogeneous nature of 
oxidative processes in CP and underscore the need for further 
investigation.

To date, limited studies have focused on oxidative stress 
biomarkers in children with CP. Aycicek et al.10 reported 
increased lipid peroxidation and reduced antioxidant capacity 
in this population, while Dogan et al.34 demonstrated elevated 
tau protein levels in children with CP and sleep disorders. 
Consistent with these reports, our study confirmed increased 
oxidative stress, as reflected by elevated IMA and PCC levels.

This study is among the first to simultaneously evaluate 
multiple oxidative protein stress biomarkers, including IMA, 
PCC, and AOPP, in children with cerebral palsy and to investigate 
their relationship with functional status. Assessing these 
biomarkers together may provide a broader understanding of 
oxidative imbalance in CP and its potential clinical relevance.

Figure 1. Scatter plot showing the relationship between 
GMFCS level and AOPP concentration in children with 
cerebral palsy. 
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Limitations

Several limitations should be acknowledged. First, potential 
contributors to oxidative stress, including nutritional status, 
psychological factors, and environmental exposures, were 
not evaluated individually. Second, the relatively wide age 
range of participants may have influenced oxidative marker 
levels, and age-stratified analyses could provide more precise 
results. Third, only oxidative stress markers were assessed, 
whereas the simultaneous evaluation of antioxidant 
defense mechanisms might offer a more comprehensive 
understanding of oxidative balance. Fourth, sex distribution 
differed significantly between the groups, which may have 
influenced oxidative stress parameters. Finally, the cross-
sectional design precludes causal inferences.

CONCLUSION
This study demonstrates that serum IMA and PCC levels 
are significantly elevated in children with cerebral palsy, 
reflecting increased systemic oxidative stress. Although 
these biomarkers are not strongly associated with functional 
status, AOPP levels show a weak correlation with motor 
impairment. These findings suggest that oxidative imbalance 
is a persistent feature of CP and may contribute to the long-
term disease burden. Early identification of oxidative stress 
and the development of targeted antioxidant interventions 
may represent promising strategies to improve functional 
outcomes and quality of life in children with CP. Future 
longitudinal studies are warranted to clarify the clinical 
significance of oxidative biomarkers in this population.
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Objective: To compare serum levels of resolvin D1 (RvD1) and thrombospondin-1 (TSP-
1) between patients with vernal keratoconjunctivitis (VKC) and healthy controls and to 
investigate their potential relevance to disease pathogenesis.
Materials and Methods: A total of 72 individuals were enrolled in this case-control study, 
including 36 subjects diagnosed with VKC and 36 healthy counterparts matched for age 
and gender. Serum RvD1 and TSP-1 levels were measured using ELISA. Age and gender 
distributions were analyzed to ensure group comparability.
Results: No significant differences were observed between the groups in age (VKC: 
10.31±4.43 years; controls: 10.66±3.90 years; p=0.724) or gender (15 females and 21 males 
in each group; p=1.00). Serum TSP-1 levels were significantly lower in the VKC group [60.68 
(50.60–78.01) ng/mL] compared with controls [73.49 (64.40–90.67) ng/mL; p=0.011]. 
Similarly, RvD1 levels were significantly decreased in patients with VKC [67.80 (63.79–68.63) 
ng/mL] compared with controls [69.85 (65.38–85.60) ng/mL; p=0.009]. ROC curve analysis 
showed an AUC of 0.681 for RvD1 (sensitivity: 94.4%, specificity: 51.4%) and 0.677 for TSP-1 
(sensitivity: 63.9%, specificity: 77.1%).
Conclusion: Reduced serum levels of RvD1 and TSP-1 in patients with VKC suggest disruption 
of inflammatory resolution and immune regulation. These biomarkers may play a role in VKC 
pathogenesis and offer potential diagnostic or therapeutic value.
Keywords: Biomarkers, inflammation, resolvin D1, thrombospondin-1, vernal keratocon-
junctivitis.
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ABSTRACT

INTRODUCTION
Vernal keratoconjunctivitis (VKC) is a persistent and recurrent inflammatory disease of the ocular 
surface that primarily affects the corneal and conjunctival tissues and may cause significant visual 
impairment in advanced forms. It is most commonly observed in children and adolescents and 
presents with recurrent episodes of severe allergic inflammation. The clinical presentation is 
heterogeneous and varies according to the ocular tissues involved and the complex interaction 
between local and systemic immune responses.1 In allergic conjunctival disease, histamine is 
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released early after mast cell activation and degranulation. 
Activation of histamine receptors on the conjunctival 
epithelium and surrounding vascular, neural, and immune 
compartments promotes vasodilation and edema, clinically 
presenting as conjunctival redness, chemosis, eyelid swelling, 
and severe itching.2 Several clinical features are considered 
particularly suggestive of VKC, including oversized papillae on 
the tarsal conjunctiva (>1 mm) and limbal nodules resulting 
from lymphoid cell clustering. Another typical sign is the 
presence of Horner–Trantas dots, which are observed as whitish 
deposits composed mainly of degenerating eosinophils, with 
accompanying neutrophils and mast cells.3,4

High histamine exposure can weaken the conjunctival 
epithelial barrier, leading to increased permeability and 
promoting the upregulation of chemokines, adhesion 
molecules, and pro-inflammatory cytokines. Antigen-
presenting dendritic cells are subsequently recruited and 
activated, driving CD4+ T-helper type 2 (Th2) responses. Both 
Th2 and Th1 CD4+ T cells, together with mast cells, are key 
mediators of the immunopathology underlying acute and 
chronic allergic inflammation of the ocular surface.5 Allergen-
specific T-cell responses further enhance IgE synthesis and 
perpetuate the inflammatory cascade, primarily through 
eosinophil activation, which is pivotal in late-phase and 
chronic allergic reactions.5

Thrombospondin-1 (TSP-1) is a multifunctional matricellular 
glycoprotein in the thrombospondin family with calcium-
binding properties and was initially identified in platelet 
releasates after activation. Through interactions with a 
broad spectrum of binding partners, including extracellular 
matrix constituents, proteases, and diverse growth factors, 
TSP-1 orchestrates several essential cellular processes. These 
include intracellular signaling, regulation of cell proliferation 
and motility, tissue remodeling and repair, modulation of 
angiogenesis, and fine-tuning of inflammatory responses.6 
Experimental data indicate that TSP-1 can attenuate immune 
activation and inflammation primarily by engaging and 
activating transforming growth factor beta (TGF-β) signaling 
pathways.7 Furthermore, TSP-1 has been implicated in the 
induction and expansion of regulatory T cells, thereby 
promoting immune tolerance and highlighting its potential 
relevance as a therapeutic target in allergic conditions.8

Resolvin D1 (RvD1) is an omega-3-derived specialized pro-resolving 
mediator formed from docosahexaenoic acid (DHA) through 
enzymatic steps involving 15- and 5-lipoxygenases. Functionally, 
RvD1 supports the active termination of inflammation by limiting 
polymorphonuclear leukocyte transendothelial migration and 
facilitating the clearance of pro-inflammatory cytokines and 
chemokines at sites of tissue damage.9

Building on these molecular properties, we investigated 
whether serum levels of the immunoregulatory glycoprotein 
TSP-1 and the pro-resolving lipid mediator RvD1 could serve 
as systemic biomarkers and potential therapeutic targets in 
children with vernal keratoconjunctivitis.

MATERIALS AND METHODS
This prospective case-control study was conducted in the 
Department of Ophthalmology at Tokat Gaziosmanpaşa 
University and adhered to the ethical standards outlined in 
the Declaration of Helsinki. The study protocol was formally 
approved by the Tokat Gaziosmanpaşa University Ethics 
Committee (Approval Number: 24-KAEK-029, Date: 06.06.24). 
Before enrollment, written informed consent was obtained 
from each participant or their legal representative.

The VKC group consisted of 36 patients younger than 18 years 
with a clinical diagnosis of VKC. The control group included 
35 age- and sex-matched healthy children recruited from 
the ophthalmology outpatient clinic during routine vision 
screening. All controls were screened for a history of atopy, 
allergic conjunctivitis, or systemic inflammatory disease and 
underwent slit-lamp examination to confirm a healthy ocular 
surface. Both groups were from the same geographical region, 
ensuring similar environmental and allergen exposure.

All participants underwent a complete ophthalmologic 
examination, including visual acuity assessment using a 
Snellen chart, slit-lamp biomicroscopy, intraocular pressure 
measurement using a Goldmann applanation tonometer, and 
dilated fundus examination. The VKC group was diagnosed 
based on clinical symptoms, such as ocular itching, mucus 
discharge, and burning sensation, and biomicroscopic 
findings, including conjunctival hyperemia, chemosis, eyelid 
edema, papillary reaction, and the presence of Horner–
Trantas dots.

KEY MESSAGES

•	 Serum levels of thrombospondin-1 (TSP-1), an 
anti-inflammatory and wound-healing mediator, 
are significantly altered in patients with vernal 
keratoconjunctivitis (VKC).

•	 Resolvin D1 (RvD1), a pro-resolving lipid mediator, is 
decreased in patients with VKC, suggesting impaired 
resolution of ocular inflammation.

•	 These biomarkers demonstrate moderate diagnostic 
potential for VKC and may represent candidate targets 
for therapeutic modulation in chronic allergic ocular 
disease.
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Patients were excluded if they had received any systemic or 
topical medication within the previous 3 months or had a 
history of allergen-specific immunotherapy, any additional 
ocular disease, systemic infection, malignancy, or any acute 
inflammatory condition. The same exclusion criteria were 
applied to both the VKC and control groups.

Peripheral venous blood was collected from all participants 
and processed immediately. After centrifugation at 3000 g 
for 10 minutes (Nüve NF-800, Türkiye), sera were separated, 
aliquoted, and stored at −80°C until testing. For analysis, 
stored samples were thawed at room temperature on the 
day of the assay.

Serum TSP-1 concentrations were determined using 
a commercially available human ELISA kit (Bioassay 
Technology Laboratory, Cat. No. E1110Hu) and an 
automated microplate photometer. Concentrations were 
calculated from a standard curve. The assay sensitivity was 
2.39 ng/mL, with a linear detection range of 5–700 ng/mL 
and an interassay coefficient of variation of 10%. Samples 
with values above the upper limit of detection were 
appropriately diluted and remeasured in duplicate.

Serum RvD1 levels were measured using a human ELISA kit 
from the same manufacturer (Bioassay Technology Laboratory, 
Cat. No. E7450Hu). The assay sensitivity was 19.01 ng/mL, 
with a linear range of 37.5–2400 ng/mL and an interassay 
coefficient of variation of 10%. As with TSP-1, concentrations 
were derived from a standard curve, and high-concentration 
samples were diluted and assayed in duplicate.

Statistical Analysis

To ensure the statistical robustness of the study, G*Power 
(version 3.1.9.7) was used for sample size estimation. Based 
on existing literature and pilot data on ocular surface 
biomarkers, we calculated that a minimum of 32 subjects 
per group would provide 80% power (1-β) at a 5% alpha 
level (α=0.05), assuming a medium-to-large effect size 
(d=0.65). To account for potential data exclusion or attrition, 
we ultimately enrolled 72 participants in total, including 36 

with VKC and 36 healthy controls. Based on existing literature 
and pilot data on ocular surface biomarkers, we calculated 
that a minimum of 36 subjects per group would provide 
80% power (1-β) at a 5% alpha level (α=0.05), assuming a 
medium-to-large effect size (d=0.67). Consequently, to meet 
this requirement and ensure a fully powered analysis, we 
enrolled 72 participants in total, including 36 with VKC and 
36 healthy controls.

Data management and all comparative analyses were 
performed using IBM SPSS Statistics (version 22.0, IBM Corp., 
Armonk, New York, USA). The normality of continuous data 
distribution was assessed using the Kolmogorov–Smirnov test. 
For descriptive statistics, age, which was normally distributed, 
is reported as mean±SD, whereas nonparametric variables, 
including TSP-1 and resolvin D1, are presented as median with 
interquartile range (IQR; 25–75th percentiles). Categorical data 
are presented as frequencies and percentages.

Continuous data with a normal distribution were analyzed 
using Student’s t-test, whereas the Mann–Whitney U test was 
used for variables with nonnormal distributions. Differences 
in categorical parameters were assessed using chi-square 
analysis. To determine how effectively serum RvD1 and 
TSP-1 levels differentiated between the VKC and control 
groups, receiver operating characteristic (ROC) curves were 
constructed. The area under the curve (AUC) is presented with 
its 95% confidence interval (CI). Finally, optimal diagnostic 
thresholds, or cutoff values, were identified using Youden’s 
index, along with the corresponding sensitivity and specificity. 
All tests were two-tailed, and p<0.05 was considered 
statistically significant.

RESULTS
Seventy-two participants were analyzed, including 36 children 
with clinically diagnosed vernal keratoconjunctivitis (VKC) and 
36 age- and sex-matched healthy controls. Sex distribution 
was identical in both groups, with 15 females (41.7%) and 
21 males (58.3%) in each group. The mean age did not differ 
between the groups (VKC: 10.3±2.1 years vs. controls: 10.7±1.9 
years; p=0.63).

Table 1. Comparison of demographic and biochemical parameters between the groups

Variable VKC group (n=36) Control group (n=36) p

Age (years) 10.31±4.43 10.66±3.90 0.724

Sex (male/female) 15/21 15/21 1.000

TSP-1 (ng/mL) 60.68 (50.60–78.01) 74.93 (64.40–90.67) 0.011

Resolvin D1 (ng/mL) 67.80 (63.79–68.63) 69.85 (65.38–85.60) 0.009
VKC: Vernal keratoconjunctivitis; TSP-1: Thrombospondin-1; SD: Standard deviation; Q1: First quartile; Q3: Third quartile. Age is presented as mean±SD. TSP-1 and 
resolvin D1 are presented as median (Q1–Q3). Bold p-values indicate statistical significance (p<0.05).
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Compared with controls, the VKC group showed significantly 
reduced serum TSP-1 concentrations [60.68 (50.60–78.01) 
ng/mL vs. 74.93 (64.40–90.67) ng/mL, respectively; p=0.011]. 
Serum RvD1 levels were also lower in patients with VKC 
[67.80 (63.79–68.63) ng/mL] than in controls [69.85 (65.38–
85.60) ng/mL], and this difference was statistically significant 
(p=0.009) (Table 1).

ROC curve analysis was performed to assess the diagnostic 
potential of serum RvD1 and TSP-1. The AUC for RvD1 
was 0.681, with an optimal cutoff value of 69.83 ng/mL 
(sensitivity: 94.4%, specificity: 51.4%). For TSP-1, the AUC 
was 0.677, and the cutoff value was determined to be 63.25 
ng/mL (sensitivity: 63.9%, specificity: 77.1%) (Table 2, Fig. 1). 
These results indicate moderate discriminative performance 
for both biomarkers, with notably high sensitivity for RvD1 at 
the calculated cutoff value.

DISCUSSION
Our analysis revealed significantly reduced circulating levels 
of both RvD1 and TSP-1 in children diagnosed with VKC 
compared with their healthy age-matched peers.

VKC is an immune-mediated inflammatory condition of 
the ocular surface characterized by periodic flare-ups. Its 
pathogenesis involves a complex interplay between type I (IgE-
dependent) and type IV (IgE-independent) hypersensitivity 
reactions, primarily localized within the limbal and tarsal 
conjunctival tissues.10 The hypersensitivity reaction that occurs 
within the conjunctival tissue is central to VKC pathogenesis. 
Compared with healthy controls, patients show elevated levels 
of histamine and tryptase, as well as upregulated expression 
of histamine receptors.11 Various inflammatory mediators, 
including prostaglandins, leukotrienes, and cytokines such as 
TNF-α and IFN, are released by conjunctival mast cells. These 
mediators play a critical role in the systemic recruitment and 
local expansion of both basophils and eosinophils within the 
ocular surface.12,13 Research has shown that the conjunctiva 
of individuals with VKC contains a high density of CD4+ Th2 
lymphocytes. The subsequent upregulation of cytokines such 
as IFN-γ, IL-13, IL-5, and IL-4 enhances B-cell-mediated IgE 
synthesis, representing a key immunopathological feature of 
the disease.14,15 This Th2-skewed microenvironment facilitates 

eosinophil activation and intensifies their interactions with 
mast cells, thereby sustaining inflammation and contributing 
to the chronic course of VKC.15–17

In ocular physiology, TSP-1 serves as a critical mediator of 
inflammation control and wound healing. It is strategically 
located within the trabecular meshwork, cornea, and 
conjunctiva, as well as in the aqueous and vitreous humors. 
The interaction of TSP-1 with extracellular matrix proteins, such 
as integrins and fibronectin, is essential for its diverse roles in 
maintaining ocular homeostasis.6,18–20 TSP-1 can facilitate the 
conversion of latent TGF-β into its bioactive form.21 Through 
TGF-β1-dependent signaling, pro-inflammatory immune 
activity may be attenuated by limiting effector Th1/Th2 
responses and modulating B-lymphocyte and natural killer 
cell functions.22,23 In addition to VKC, TSP-1 has also been 
implicated in other ocular inflammatory conditions, including 
dry eye disease and corneal graft rejection. Taken together, 
these findings suggest that TSP-1 may help support molecular 
and cellular pathways associated with ocular immune privilege 
and the maintenance of immune homeostasis in the eye.24

Table 2. ROC curve analysis results for predicting VKC

Biomarker AUC (95% CI) p Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)

TSP-1 0.677 (0.54–0.80) 0.011 63.25 63.9 77.1 74.2 67.5

RvD1 0.681 (0.55–0.81) 0.009 69.83 94.4 51.4 66.7 90.0

ROC: Receiver operating characteristic; VKC: Vernal keratoconjunctivitis; AUC: Area under the curve; CI: Confidence interval; TSP-1: Thrombospondin-1; RvD1: Resolvin 
D1; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 1. Receiver operating characteristic (ROC) curves 
of serum Resolvin D1 (RvD1) and Thrombospondin-1 
(TSP-1) in patients with vernal keratoconjunctivitis (VKC). 
RvD1 (AUC=0.681) and TSP-1 (AUC=0.677) show moderate 
discriminative performance. The dashed line represents the 
reference (AUC=0.50).
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Experimental studies in animal models have shown that 
the absence of TSP-1 is associated with decreased lacrimal 
gland function, increased inflammatory cell infiltration 
in the conjunctiva and cornea, and disruption of corneal 
epithelial integrity, resulting in autoimmune responses 
similar to Sjögren’s syndrome.25 These models demonstrated 
a significant increase in pro-inflammatory cytokines, such 
as IFN-γ, IL-6, TNF-α, and IL-17A, particularly IL-17 from 
CD4+ T cells, suggesting that these cytokines play a critical 
role in disease pathogenesis.25,26 The loss of the inhibitory 
effect of TSP-1 on dendritic cell (DC) maturation plays an 
important role in the development of these autoimmune 
responses.27 When this inhibitory effect is removed, the 
accumulation and activity of corneal DCs increase, which is 
thought to enhance autoimmune susceptibility. Moreover, 
TSP-1 promotes the interaction of antigen-presenting cells, 
including macrophages, DCs, and B lymphocytes, with TGF-β, 
thereby supporting peripheral tolerance, which is impaired in 
the absence of TSP-1. Additionally, TSP-1 has been reported 
to inhibit the activation and maturation of Th1 cells, thereby 
limiting inflammatory responses.28 Th1 cells, which also play 
a role in the pathogenesis of chronic allergic eye diseases, are 
known to exacerbate inflammation through DC activation. 
TSP-1 modulates allergic immune responses by suppressing 
DC maturation and reducing T-cell stimulation. In allergen-
sensitized individuals, secondary T-cell responses can sustain 
IgE production and amplify pro-inflammatory cytokine 
release, thereby promoting eosinophil-driven late-phase 
reactions and the maintenance of chronic inflammation.29

Our finding of significantly reduced TSP-1 levels in VKC 
strengthens the evidence that TSP-1 is a key immunoregulatory 
checkpoint in allergic ocular inflammation. In a mouse model 
of TSP-1 deficiency, Smith et al.23 showed that, after topical 
ovalbumin (OVA) challenge, OVA-sensitized animals exhibited 
significantly more intense allergic reactions than wild-type 
controls. Importantly, their data support a mechanism by 
which TSP-1 expression in dendritic cells constrains secondary 
allergen-specific T-cell responses, positioning TSP-1 as a central 
modulator in the pathophysiology of allergic eye disease.23 
Complementing these observations, topical administration of 
4N1K, a TSP-1-derived peptide, effectively suppressed T-cell-
driven responses and significantly limited disease progression 
in the same experimental context.23 Together with our results, 
these findings underscore that TSP-1 exerts not only systemic 
immunoregulatory effects but also a decisive local role in 
shaping the conjunctival inflammatory milieu underlying 
allergic conjunctival disorders.

In this study, we also evaluated endogenous RvD1 levels in 
individuals diagnosed with VKC. Our findings suggest that 
RvD1 may play an important role in the pathophysiology of 

allergic conjunctivitis. RvD1 is a member of the specialized 
pro-resolving mediator (SPM) family, which plays a critical role 
in resolving inflammatory processes. RvD1 helps suppress 
inflammation by reducing the production of pro-inflammatory 
molecules, such as prostaglandins and leukotrienes, while 
promoting the biosynthesis of resolution mediators such 
as lipoxins, resolvins, and protectins.30,31 Owing to these 
properties, RvD1 is thought to have protective and reparative 
effects not only in allergic disease but also in many other 
inflammatory diseases.

Animal studies of RvD1 have reported that, in chronic 
allergic eye diseases, RvD1 inhibits mucus secretion induced 
by mediators such as LTD4, LTE4, and histamine via ALX/
FPR2 and GPR32 receptors in conjunctival goblet cells.32,33 
The study emphasized the importance of reducing mucosal 
hypersecretion in VKC to improve the disease course and 
reduce symptoms.

In another study, topical application of RvD1 was shown to reduce 
cytokine expression in conjunctival tissues, inhibit inflammatory 
cell infiltration, and provide local anti-inflammatory effects 
without altering systemic immune responses.34

In addition, RvD1 has been shown to inhibit dendritic cell 
maturation and reduce alloimmune responses in corneal 
transplant patients. This supports the contribution of RvD1 in 
conditions characterized by immune overactivity, such as allergic 
diseases.35 In this context, it may help explain the RvD1 levels 
observed in patients with VKC. Accordingly, our findings suggest 
that RvD1 may play a role not only in terminating inflammation 
but also in alleviating mucosal symptoms and preserving tissue 
integrity in VKC. Our results also indicate that RvD1 could serve 
as a potential biomarker and therapeutic target.

The ROC curve analysis in our study provides further insight 
into the diagnostic potential of these biomarkers. In our revised 
analysis, RvD1 demonstrated more balanced discriminative 
power, with an AUC of 0.681 (95% CI: 0.556–0.806; p=0.009). 
At the optimal cutoff value of 69.83 ng/mL, it achieved high 
sensitivity of 94.4%, indicating its potential as a sensitive 
marker for identifying patients with VKC. Similarly, TSP-1 
showed moderate diagnostic utility, with an AUC of 0.677 
(95% CI: 0.548–0.805; p=0.011) and a cutoff value of 63.25 
ng/mL, yielding sensitivity of 63.9% and specificity of 77.1%. 
Although these AUC values represent moderate rather than 
high discriminative performance, they underscore the clinical 
relevance of systemic inflammatory resolution pathways. 
These findings suggest that although these biomarkers 
may not serve as standalone diagnostic tools, they provide 
significant supportive data in the multifaceted diagnostic 
context of allergic ocular diseases.
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Although evaluating serum resolvin D1 and thrombospondin-1 
provides valuable pathophysiological insight into VKC in 
research settings, their routine clinical use is currently limited 
by the lack of standardized and cost-effective assays. However, 
with advances in analytical techniques, these biomarkers 
may have significant future potential in daily practice for 
monitoring disease severity, predicting seasonal flares, and 
guiding pro-resolving targeted therapies.

This study has several limitations. A primary limitation is the 
small sample size, which may restrict generalizability and 
limit statistical power. Furthermore, the cross-sectional design 
of the study does not allow monitoring of dynamic changes 
in TSP-1 and RvD1 levels throughout the course of VKC. A 
significant limitation is that only systemic serum levels were 
evaluated; investigating local ocular surface parameters, such 
as tear fluid concentrations or conjunctival expression of 
receptors such as ALX/FPR2 and CD47, would provide stronger 
pathophysiological insight. Another limitation of our study is 
that blood samples were collected at various times throughout 
the year. Additionally, dietary omega-3 fatty acid intake, which 
is a precursor of and can directly influence circulating resolvin 
D1 levels, was not assessed. Moreover, clinical severity scores 
were not recorded, which precluded correlation of biomarker 
levels with disease activity.

CONCLUSION
Overall, our findings show that children with VKC have 
reduced circulating levels of TSP-1 and RvD1, supporting 
the involvement of impaired immunoregulatory and pro-
resolving pathways in VKC-associated inflammation. These 
biomarkers, which demonstrated moderate discriminative 
performance in ROC analysis, may have clinical utility for 
disease characterization and risk stratification. They also 
highlight candidate pathways that could be explored for 
therapeutic modulation in allergic ocular disorders. Although 
confirmation in larger independent cohorts is required, the 
present results suggest a potential role for TSP-1 and RvD1 
in ocular inflammatory responses and the maintenance of 
allergic disease activity.
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Objective: This study aimed to develop and validate an adenosynergic prognostic signature 
for stratifying clinical outcomes and characterizing the tumor immune microenvironment in 
patients with EOC.
Materials and Methods: A retrospective bioinformatics analysis, complemented by 
experimental validation, was conducted. Adenosine signaling activity was quantified using 
ssGSEA, and key adenosynergic modules were identified using WGCNA. Prognostically 
significant adenosine-related genes (ARGs) were selected through LASSO Cox regression 
to construct a composite signature, which was then validated across multiple datasets. 
Functional enrichment analysis, immune infiltration estimation, and somatic alteration 
mapping were performed. In vitro validation in SK-OV-3 and A2780 cell lines included 
quantitative PCR, metabolic viability assays, scratch assays, and chamber-based invasion 
assessments.
Results: The blue module showed the strongest correlation with adenosine pathway activity. 
Nine independent prognostic ARGs were identified: 5 risk-associated genes (PIK3CG, VSIG4, 
MATK, PIEZO1, and RARRES1) and 4 protective genes (SELL, S1PR4, IL18BP, and CD40LG). The 
signature demonstrated robust time-dependent predictive accuracy for overall survival, with 
AUCs ranging from 0.62 at 1 year to 0.71 at 5 years (95% CI: 0.58–0.75 for 1 year, 0.63–0.71 for 
3 years, and 0.67–0.75 for 5 years). High-risk patients exhibited significantly worse survival 
and inversely correlated CD8+ T-cell and macrophage infiltration (p<0.001), suggesting 
impaired antitumor immunity. Somatic mutation analysis revealed co-occurrence patterns 
such as FAT3-MGA and MUC16-CSMD3 in high-risk cases. Experimental validation confirmed 
elevated ARG expression in cancer cells, and VSIG4 silencing significantly inhibited 
proliferation, migration, and invasion.
Conclusion: This study establishes a novel prognostic signature for stratifying OC outcomes. 
The model quantifies immunosuppressive microenvironmental features and identifies 
clinically actionable targets, particularly VSIG4, to guide treatment in EOC.
Keywords: Adenosine signaling, immune microenvironment, ovarian cancer, precision 
medicine, prognostic signature, VSIG4.
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INTRODUCTION
Epithelial ovarian cancer (EOC) remains the most lethal 
gynecologic malignancy worldwide, accounting for ~5% of 
female cancer deaths and representing the leading cause of 
gynecological cancer mortality.1 Despite therapeutic advances, 
the prognosis remains poor, with only 25% 5-year survival.2 
Characterized by asymptomatic progression and diffuse 
peritoneal dissemination, 70% of patients present with advanced-
stage disease and peritoneal metastases at diagnosis.3 This 
clinical challenge is further exacerbated by profound molecular 
and phenotypic heterogeneity.4 High-grade serous ovarian 
carcinoma (HGSOC; 70% of cases) exhibits rapid progression, 
reaching advanced stages within ≤2 years.5 Although primary 
cytoreduction and platinum-based chemotherapy achieve 
initial responses, nearly three-quarters of patients with HGSOC 
develop chemoresistant recurrence, underscoring the critical 
need for novel biomarkers and targeted therapies.6

Cancer biology research now emphasizes the role of the tumor 
microenvironment (TME) in driving progression, metastasis, 
and chemoresistance.7 Specifically, in ovarian cancer, adenosine 
metabolism critically shapes an immunosuppressive TME 
landscape. The TME in ovarian carcinoma is particularly unique, 
generating malignant ascites that create favorable conditions 
for tumor cell survival, proliferation, and dissemination 
throughout the peritoneal cavity.8 This complex environment 
comprises immune, stromal, and fibroblastic cells, as well as 
biochemical factors such as adenosine-purinergic metabolites, 
which significantly modulate TME immunosuppression in EOC. 
Additionally, it contains a diverse array of signaling molecules, 
growth factors, and metabolites that together affect tumor 
behavior and patient outcomes.9

Among the various metabolic and signaling pathways that 
regulate TME dynamics, adenosine signaling has emerged as a 
pivotal mechanism governing immune surveillance and tumor 
progression.10 Adenosine, an endogenous purine nucleoside, 
functions through four distinct adenosine receptors (A1, A2A, 
A2B, and A3) and affects cellular proliferation, differentiation, 
and apoptosis across various malignancies.11 In cancer, 
adenosine accumulation in the TME represents a fundamental 
immunosuppressive mechanism that drives tumor immune 
escape via adenosine-induced cells and promotes disease 
progression.12 The significance of the adenosine pathway 
in ovarian cancer has been increasingly recognized through 
recent research demonstrating its multifaceted roles in tumor 
biology.13 Through A2aR/A2bR engagement, adenosine 
drives TAM reprogramming into immunosuppressive and 
proangiogenic states.14 Critically, CD39- and CD73-mediated 
catabolism of ATP sustains adenosine accumulation in the 
TME, establishing a targetable metabolic checkpoint that our 
prognostic signature quantifies.15

Contemporary studies have revealed that epithelial 
ovarian cancer cells use distinct mechanisms to establish 
immunosuppressive TMEs, with some tumor cells expressing 
CD39 and CD73 for adenosine generation and others using 
alternative pathways such as CXCL10-induced regulatory 
T-cell recruitment.16 These findings emphasize the complexity 
of adenosine signaling in ovarian carcinoma and highlight 
the potential of targeting this pathway as a therapeutic 
strategy. The development of prognostic signatures based 
on adenosine-related genes represents a feasible strategy for 
improving patient stratification and treatment selection in 
ovarian cancer.17 Advanced bioinformatics methods, including 
weighted gene co-expression network analysis (WGCNA) 
and least absolute shrinkage and selection operator (LASSO) 
Cox regression, have proven effective for identifying robust 
gene signatures that can predict clinical outcomes and 
guide therapeutic decisions.18 These approaches enable the 
integration of complex genomic data with clinical outcomes, 
facilitating the development of precision medicine strategies 
tailored to individual patient characteristics.

Recent methodological innovations have demonstrated 
the value of combining WGCNA with LASSO regression for 
constructing prognostic models in ovarian cancer.19 This 
integrated approach allows the identification of co-expressed 
gene types associated with specific biological processes while 
simultaneously selecting the most informative genes for 
prognostic modeling. The resulting signatures can provide 
insights into underlying biological mechanisms while 
maintaining clinical utility for patient management.

Our research aims to formulate and validate a comprehensive 
adenosine pathway-based prognostic signature for patients 
with epithelial ovarian cancer. By integrating advanced 
bioinformatics analyses with experimental validation, we aim 
to identify key adenosine-related genes that can accurately 

KEY MESSAGES

•	 A novel 9-gene signature derived from the adenosine 
pathway robustly stratifies patients with epithelial 
ovarian cancer into distinct prognostic groups.

•	 The high-risk signature is strongly associated with 
worse overall survival and an immunosuppressive 
tumor microenvironment, including reduced CD8+ 
T-cell infiltration.

•	 VSIG4 was validated as a key risk-associated gene 
and a promising therapeutic target, as its silencing 
significantly inhibited cancer cell proliferation, 
migration, and invasion.
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predict clinical outcomes and provide insights into immune 
microenvironment characteristics. Furthermore, we aim to 
characterize the somatic mutation landscape associated with 
different risk groups and validate the functional significance 
of the identified genes through in vitro investigations. This 
research has the potential to advance our understanding of 
adenosine signaling in ovarian cancer and contribute to the 
development of individualized therapeutic management for 
this challenging malignancy.

MATERIAL AND METHODS
Study Place and Design: A retrospective bioinformatics 
analysis, complemented by experimental validation, was 
conducted. Data from patients with epithelial ovarian cancer 
were obtained from publicly available databases, including 
The Cancer Genome Atlas Ovarian Cancer (TCGA-OV) and the 
Gene Expression Omnibus (GEO).

Ethics Approval
The study was approved by the Clinical Research Ethics Committee 
of Azerbaijan Medical University, which waived the requirement 
for written informed consent because of the retrospective 
analysis of publicly available data (Approval Number: #250, Date: 
13.06.2024). All experimental procedures involving cell lines were 
conducted in accordance with standard laboratory protocols. We 
confirm that the study was conducted in accordance with the 
ethical principles of the Declaration of Helsinki.

Patients and Data Collection
RNA sequencing transcriptomes, somatic mutation profiles, 
and curated clinical records, including demographic, 
treatment, and outcome data, were obtained from The Cancer 
Genome Atlas Ovarian Cancer (TCGA-OV) database. This 
cohort was designated as the primary training dataset. For 
external validation, the GSE14764 cohort was obtained from 
the Gene Expression Omnibus (GEO). A comprehensive list 
of 134 adenosine-related genes (ARGs) was compiled from 
recent literature and pathway databases.20

Diagnostic Criteria

All cases included from the TCGA-OV and GEO databases were 
histologically confirmed as epithelial ovarian cancer.

Definitions

The prognostic risk score was calculated using a linear 
combination of the expression levels of the nine selected ARGs, 
weighted by their respective LASSO Cox regression coefficients:

Risk Score = Σ (βi × Expi)

where βi is the regression coefficient and Expi is the normalized 
expression of gene i.

Inclusion Criteria

Inclusion in the analysis required samples with complete clinical 
records, including survival status and follow-up time. Only 
patients with survival times greater than zero days were included.

Exclusion Criteria

Samples were excluded if they lacked information on survival 
status or follow-up time. For the GEO validation cohort, samples 
without documented overall survival (OS) or adequate clinical 
follow-up were also excluded.

Clinical, Surgical, and Laboratory Investigations
Bioinformatics Analysis: RNA-seq data from the TCGA-OV 
cohort (n=373) and microarray data from the GSE14764 
validation cohort (n=80) were processed and normalized. We 
initiated prognostic screening of 134 ARGs using univariate 
Cox regression. Sample-specific adenosine pathway activity 
was quantified using single-sample gene set enrichment 
analysis (ssGSEA) via the GSVA package.21 Weighted gene co-
expression network analysis (WGCNA) was used to identify 
gene modules associated with adenosine signaling.22 Network 
construction optimized scale-free topology using a soft-
thresholding power (β=6). The blue module was selected for 
downstream analysis. Genes in this module were annotated 
using GO/KEGG enrichment (clusterProfiler) and GSEA.23,24

Genes meeting dual thresholds (correlation >0.4, p<0.05) 
advanced to univariate Cox analysis using the survival package.25 
A LASSO-penalized Cox regression model (glmnet) with 10-
fold cross-validation (with a random seed of 123 and alpha=1) 
was used to build a sparse prognostic signature from the most 
significant genes.26 Patients were stratified into high- and low-
risk groups based on an optimal cutoff determined using the 
survminer package.27 The proportional hazards assumption was 
assessed using Schoenfeld residuals and was satisfied.

Sample Size Justification
The sample sizes for the TCGA-OV (n=373) and GSE14764 
(n=80) cohorts were considered adequate for prognostic 
modeling, particularly for Cox regression analysis and LASSO 
feature selection. Based on the rule of thumb of 10–15 events 
per predictor variable, the sample size for the training cohort 
(TCGA-OV), with 9 genes in the signature, provided sufficient 
statistical power for robust model construction and validation. 
Although a formal power analysis was not performed, the 
large number of events in the TCGA-OV cohort supports the 
reliability of our findings.

Data Distribution and Statistical Tests
The distribution of continuous variables was assessed using the 
Shapiro-Wilk test. For in vitro comparisons, statistical significance 



305

J Clin Pract Res 2026;48(3):302–313 Ibrahimov and Novruzova. Adenosine-Based Prognostic Model for Ovarian Cancer

was determined using two-tailed Student’s t-tests for comparisons 
between two groups and one-way ANOVA followed by Tukey’s 
post hoc test for comparisons among multiple groups.

Immune Microenvironment and Mutation Analysis

Immune deconvolution was performed using three algorithms: 
ssGSEA (28 immune subsets), MCP-counter (10 populations), 
and TIMER. Somatic variants were identified using MuTect2, 
and the maftools package was used to visualize mutations and 
test for co-occurrence patterns.28–32

In Vitro Experimental Validation

SK-OV-3, A2780, and IOSE-80 cell lines were obtained from 
Suzhou HyCyte Biotechnology. VSIG4 expression was knocked 
down using two custom siRNAs (Sangon Biotech). Gene and 
protein expression were quantified using qRT-PCR and Western 
blotting, respectively. Cell viability was assessed using a CCK-
8 assay. Cell migration was measured using a wound-healing 
assay, and invasion capacity was determined using Matrigel-
coated Transwell chambers.

Figure 1. WGCNA Module Identification and Correlation Analysis. (a) Bar chart showing the number of genes in each 
WGCNA module identified from adenosine-related genes. (b) Correlation analysis between module eigengenes and 
adenosine pathway scores, with the blue module showing the strongest positive correlation (r=0.52, p<0.001). (c) 
Distribution of adenosine pathway scores between high-risk and low-risk patient groups. (d) Network visualization 
of key genes within the blue module, highlighting the nine prognostic adenosine-related genes and their 
interconnections.

(a)

(c)

(b)

(d)
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Statistical Analysis
All analyses were conducted using R v4.0.0 (R Foundation 
for Statistical Computing, Vienna, Austria) and GraphPad 
Prism v8.0 (GraphPad Software, La Jolla, California, USA). 
Between-group comparisons for non-normally distributed 
variables were performed using the Wilcoxon rank-sum test. 
Correlations were quantified using Spearman’s ρ. Survival 
curves were generated using the Kaplan-Meier method and 
compared using the log-rank test. Time-dependent ROC 
analysis (timeROC) was used to evaluate predictive accuracy. 
In vitro experimental data are presented as mean±standard 
deviation from three biological replicates. A p-value <0.05 was 
considered statistically significant. Multiple testing correction 
using the Benjamini-Hochberg method was applied where 
appropriate, as indicated in the figure and table footnotes.

RESULTS
Here, we describe the identification parameters of 
adenosine-related gene modules through WGCNA (Fig. 1). 
To systematically assess the role of adenosine signaling in 

ovarian carcinoma, we initially performed univariate Cox 
regression analysis of 134 adenosine-related genes (ARGs) 
using the TCGA-OV cohort (Table 1). This analysis identified 
32 ARGs with significant prognostic value (p<0.05), which 
were subsequently subjected to WGCNA to determine the 
co-expression mechanism related to adenosine pathway 
activity.

ssGSEA quantification revealed marked interpatient 
heterogeneity in adenosynergic pathway activity. WGCNA with 
soft-threshold β=6 established scale-free topology, yielding 
five co-expression modules. The blue module exhibited 
the strongest correlation with adenosine signaling (r=0.52, 
p=0.000) and contained 156 coordinately expressed genes 
enriched for immune processes, including T-cell activation 
(p=0.000) and cytokine production (p=0.000). Applying dual 
thresholds (|r|>0.4, p<0.05) identified 89 genes, and univariate 
Cox regression selected 23 prognostic candidates. LASSO-
penalized Cox regression with 10-fold cross-validation derived 
a sparse 9-gene signature (Table 2).

Risk stratification using the optimal cutoff divided TCGA-
OV patients into high-risk (n=186, median OS=3.2 years) 
and low-risk (n=187, median OS=5.8 years) cohorts (log-
rank p=0.000). Time-dependent AUCs demonstrated robust 
discrimination (1 year: 0.62 [95% CI: 0.58–0.75]; 3 years: 0.67 
[95% CI: 0.63–0.71]; 5 years: 0.71 [95% CI: 0.67–0.75]) (Fig. 
2). External validation in GSE14764 confirmed prognostic 
generalizability (high-risk n=40, median OS=3.1 years vs. 
low-risk n=40, median OS=4.9 years; log-rank p=0.032; 
3-year AUC=0.63 [95% CI: 0.55–0.71]). Functional enrichment 
is shown in Figure 3.

Table 3 presents the results of the multivariable Cox regression 
analysis assessing the independent prognostic value of the 
adenosine pathway-based prognostic signature alongside 
established clinical covariates in patients with epithelial 
ovarian cancer. As shown in Table 3, the prognostic signature 
was treated as a categorical variable (High Risk vs. Low Risk). 
Age was included as a continuous variable. FIGO stage, 
histological grade, and optimal debulking were included as 
categorical variables with the indicated reference groups. The 
proportional hazards assumption was assessed and satisfied 
for all variables. These results confirm the independent 
prognostic value of the adenosine pathway-based signature 
after adjustment for key clinical factors.

High-risk: proliferation (GO:0008284, p=0.000), angiogenesis 
(GO:0001525, p=0.000), and ECM organization (GO:0030199, 
p=0.000).

Low-risk: T-cell activation (GO:0042110, p=0.000) and antigen 
presentation (GO:0019882, p=0.000).

Table 1. Clinical and demographic characteristics of the 
TCGA-OV and GSE14764 cohorts

Characteristic
TCGA-OV 

(n=373)

GSE14764 

(n=80)

Age (years), median (IQR) 59 (52–67) 58 (51–65)

FIGO stage, n (%)

I-II 52 (13.9) 10 (12.5)

III-IV 321 (86.1) 70 (87.5)

Histological grade, n (%)

G1-G2 67 (18.0) 15 (18.8)

G3 306 (82.0) 65 (81.2)

Optimal debulking, n (%)

Yes 205 (55.0) 45 (56.2)

No 168 (45.0) 35 (43.8)

Treatment type, n (%)

Chemotherapy 373 (100) 80 (100)

Ethnicity, n (%)

White 300 (80.4) 65 (81.2)

Black 30 (8.0) 5 (6.2)

Asian 20 (5.4) 5 (6.2)

Other 23 (6.2) 5 (6.2)

Follow-up time (months), 

median (IQR)
36 (24–60) 30 (20–50)

TCGA-OV: The cancer genome atlas ovarian cancer.
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High-risk mutations: TP53 (96.2%), TTN (31.7%), and MUC16 
(28.5%).

Significant co-occurrence: FAT3-MGA (p=0.008) and MUC16-
CSMD3 (p=0.012).

Mutual exclusivity: BRCA1-PIK3CA (p=0.007) in the high-risk 
cohort.

VSIG4 showed maximal overexpression in SK-OV-3 (4.7-
fold) and A2780 (3.9-fold) cells compared with IOSE-80 cells. 
siRNA-mediated knockdown (75–78% efficiency) significantly 
impaired:

Viability (SK-OV-3: ↓45% at 48 h, p=0.003).

Migration (wound closure: 78%→42%, p=0.002).

Invasion (Transwell: ↓58%, p=0.001).

High-risk patients exhibited:

Advanced stage (III-IV: 89.2% vs. 76.5%, p=0.003).

High grade (G3: 82.3% vs. 68.4%, p=0.007).

Suboptimal debulking (>1 cm: 45.7% vs. 31.2%, p=0.012).

Multivariate analysis confirmed the independence of the 
signature (HR=2.34, 95% CI: 1.67–3.28, p=0.000).

DISCUSSION
This study presents a new comprehensive adenosine 
pathway-based prognostic signature for epithelial ovarian 
cancer and demonstrates its significant clinical utility. VSIG4, 
identified as the dominant risk determinant of the signature, 
represents a particularly promising therapeutic target. This 
immunoglobulin superfamily member is predominantly 
expressed on tumor-associated macrophages and has been 
shown to inhibit T-cell activation, thereby promoting immune 
tolerance. Our experimental validation confirmed elevated 
VSIG4 expression in ovarian carcinoma and demonstrated that 
its silencing significantly inhibited certain processes, including 
proliferation, migration, and invasion. Our findings align with 

Table 2. Characteristics of adenosine-related genes in the prognostic signature

Gene symbol Full name Chromosome Coefficient Risk type Function

PIK3CG

Phosphatidylinositol-4,5-

bisphosphate 3-kinase catalytic 

subunit gamma

7q22.3 0.1847 Risk
PI3K signaling and immune 

regulation

VSIG4
V-set and immunoglobulin domain-

containing 4
Xq12 0.2156 Risk

Immune suppression and 

macrophage activation

MATK
Megakaryocyte-associated tyrosine 

kinase
19p13.3 0.1923 Risk Tyrosine kinase signaling pathway

PIEZO1
Piezo-type mechanosensitive ion 

channel component 1
16q24.3 0.1654 Risk

Mechanotransduction and ion 

channel activity

RARRES1 Retinoic acid receptor responder 1 3p25.1 0.1789 Risk Retinoic acid signaling pathway

SELL Selectin L 1q24.2 -0.2134 Protective
Cell adhesion and lymphocyte 

homing

S1PR4 Sphingosine-1-phosphate receptor 4 19p13.3 -0.1876 Protective Sphingolipid signaling pathway

IL18BP Interleukin 18-binding protein 11q13.4 -0.2089 Protective
Regulation of the inflammatory 

response

CD40LG CD40 ligand Xq26.3 -0.1945 Protective
T-cell activation and immune 

response

Table 3. Multivariable Cox Regression Analysis of overall 
survival in patients with ovarian cancer

Characteristic HR 95% CI p

Prognostic signature (high risk vs. 

low risk)
2.34 1.67–3.28 <0.001

Age (per 10-year increase) 1.15 1.02–1.29 0.023

FIGO stage (III-IV vs. I-II) 1.85 1.30–2.63 <0.001

Histological grade (G3 vs. G1-G2) 1.40 1.05–1.87 0.021

Optimal debulking (no vs. yes) 1.60 1.18–2.17 0.002

HR: Hazard ratio; CI: Confidence interval.



308

Ibrahimov and Novruzova. Adenosine-Based Prognostic Model for Ovarian Cancer J Clin Pract Res 2026;48(3):302–313

recent research highlighting VSIG4 as a critical mediator of 
immunosuppression in the tumor microenvironment.

The protective genes in our signature (SELL, S1PR4, IL18BP, and 
CD40LG) are associated with enhanced immune surveillance 
and antitumor responses. SELL, which encodes L-selectin, 
facilitates lymphocyte homing to secondary lymphoid organs 
and is essential for effective adaptive immune responses.7 
CD40LG, expressed on activated T cells, provides crucial 

costimulatory signals for dendritic cell activation and cross-
presentation, thereby promoting antitumor immunity.8 The 
negative coefficients of these genes in our signature suggest 
that their higher expression is associated with improved 
survival outcomes, likely through enhanced immune 
surveillance mechanisms.

Our functional enrichment analysis revealed distinct biological 
pathway signatures between high-risk and low-risk cases, 

Figure 2. Survival Analysis and Prognostic Performance. (a) Kaplan-Meier survival curves for the TCGA-OV training cohort, 
showing significantly worse overall survival in high-risk patients (n=186) than in low-risk patients (n=187) (log-rank 
p<0.001). Number-at-risk tables are provided below the curves. (b) Validation of prognostic performance in the GSE14764 
cohort, confirming significant survival differences between risk groups (log-rank p=0.032). Number-at-risk tables are 
provided below the curves. (c) Time-dependent ROC curves for the training cohort, demonstrating robust predictive 
performance with AUC values of 0.62, 0.67, and 0.71 for 1-, 3-, and 5-year overall survival, respectively. The 95% confidence 
intervals are shown for all ROC curves. (d) Distribution of risk scores in the training cohort, showing clear separation 
between high-risk and low-risk groups.

(a)

(c)

(b)

(d)
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Figure 3. Functional Enrichment and Immune Microenvironment Analysis. (a) Gene Ontology enrichment bubble plot 
showing significantly enriched biological processes, with bubble size representing gene count and color indicating risk 
group association (green: immune-related processes in low-risk; red: proliferation-related processes in high-risk). (b) KEGG 
pathway enrichment heatmap comparing high-risk and low-risk groups, with red indicating upregulation and blue indicating 
downregulation. A color scale is provided for the heatmap, and p-values/FDR-adjusted q-values are indicated in the legend. 
(c) Immune cell infiltration analysis showing significant differences between risk groups, with low-risk patients having higher 
CD8+ T-cell, CD4+ T-cell, and NK cell infiltration, whereas high-risk patients show increased Treg and macrophage infiltration. 
Statistical significance: p<0.05, p<0.01, and p<0.001. (d) Correlation heatmap between prognostic adenosine-related genes 
and immune markers, revealing negative correlations between risk genes and antitumor immune cells.

P-values were calculated using the Wilcoxon rank-sum test for continuous variables, the chi-squared test for categorical variables, and the log-rank test for 
survival analysis. Multiple testing correction was applied using the Benjamini-Hochberg method where appropriate.

(a)

(c)

(b)

(d)
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providing mechanistic insight into the prognostic value of 
the adenosine signature. High-risk patients demonstrated 
significant enrichment for pathways related to proliferation, 
angiogenesis, and matrix synthesis, consistent with aggressive 
tumor behavior and poor prognosis. Conversely, low-risk 
patients showed enrichment for immunological processes, 
including T-cell activation and enhanced immune responses, 
suggesting preserved antineoplastic immunity.

Our multiplatform deconvolution revealed profound 
immune polarization between risk strata. Low-risk patients 
exhibited enriched cytotoxic landscapes dominated by CD8+ 
T lymphocytes (p=0.000), activated CD4+ effectors (p=0.002), 
and NK cells (p=0.008), aligning with the established survival 
benefits of T-cell infiltration in EOC.9 The inverse correlation 
between the signature and CD8+ abundance (Spearman r=-
0.34, p=0.000) mechanistically implicates adenosine signaling 
in the suppression of antitumor immunity. Conversely, 
as mentioned previously, high-risk microenvironments 
demonstrated Treg (p=0.001) and M2 macrophage (p=0.003) 
dominance, directly validating the role of adenosine through 
A2A/A2B receptors in orchestrating the formation of an 
immunosuppressive environment. The increased expression 
of immune checkpoint markers, such as CTLA-4, TIM-3, and 
PD-L1, in high-risk patients suggests potential responsiveness 
to immune checkpoint inhibitor therapy, providing a rationale 
for personalized treatment approaches.

Our somatic mutation analysis revealed distinct mutational 
landscapes between risk groups, with notable differences in co-
occurrence patterns. The identification of FAT3-MGA and MUC16-
CSMD3 co-occurrence in high-risk patients provides insight 
into the genetic alterations that may contribute to adenosine 
pathway dysregulation and poor prognosis. These findings 
complement recent research demonstrating that specific 
mutational signatures can influence immune microenvironment 
characteristics and treatment responses in ovarian cancer.

The clinical associations observed in our study demonstrate 
the practical utility of the adenosine signature for patient 
management. High-risk cases were more likely to present 
with late-stage disease, higher histological grade, and larger 
residual tumor burden, consistent with more aggressive 
disease biology. The maintained prognostic value across 
different clinical subgroups and its independence from 
traditional prognostic factors in multivariate analysis support 
the clinical utility of this signature for treatment planning and 
patient counseling.

Clinical Implications of Moderate AUC Values: The AUC values 
for our prognostic signature, ranging from 0.62 to 0.71, 
indicate moderate discriminatory power. Although these 

values are not exceptionally high, they are consistent with 
those reported for other gene signatures in ovarian cancer, 
a disease characterized by significant heterogeneity and 
complex biological mechanisms.33 For instance, a previous 
9-gene signature for ovarian cancer reported a 30-month 
AUC of 0.657. This suggests that although our signature 
provides valuable prognostic information, it is likely to 
be most effective when integrated with other clinical and 
pathological factors rather than used as a standalone 
diagnostic tool. The utility of such signatures often lies 
in their ability to refine risk stratification within existing 
clinical frameworks, thereby guiding personalized treatment 
strategies and patient counseling.

Current developments in understanding the role of the 
adenosine pathway in ovarian carcinoma have highlighted 
its potential as a therapeutic target. As mentioned above, 
contemporary research has revealed that epithelial ovarian 
carcinoma cells use distinct mechanisms to establish 
immunosuppressive tumor microenvironments, with some 
cells expressing CD39 and CD73 for adenosine generation and 
others using alternative pathways such as CXCL10-induced 
regulatory T-cell recruitment. These findings highlight the 
complex nature of adenosine signaling in ovarian carcinoma 
and support the development of combination therapeutic 
approaches targeting multiple components of this pathway.

The therapeutic implications of our findings extend beyond 
prognostic stratification to include potential treatment targets. 
The identification of VSIG4 as a key driver of poor prognosis, 
along with its functional validation in promoting cancer cell 
aggressiveness, suggests that VSIG4-targeted therapies could 
benefit high-risk patients. Recent studies have demonstrated 
that adenosine receptor antagonists, particularly A2A and 
A2B receptor inhibitors, can reverse immunosuppression 
and enhance the effects of immune checkpoint blockers, as 
mentioned previously. The elevated expression of immune 
checkpoint molecules in high-risk patients identified by 
our signature provides a rationale for combining adenosine 
pathway inhibitors with checkpoint blockade therapy.

Our study also contributes to the growing understanding 
of stemness-related mechanisms in ovarian cancer. Recent 
research has demonstrated that tumor cells with increased 
stemness frequently show insensitivity to antineoplastic 
agents, leading to early metastasis and poor prognosis, 
as mentioned above. The association between adenosine 
signaling and stemness-related pathways identified in our 
analysis suggests that targeting adenosine metabolism could 
potentially overcome therapeutic resistance and improve 
treatment outcomes.
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The methodological approach used in this study represents 
a significant advancement in the development of prognostic 
signatures for ovarian cancer. The integration of WGCNA with 
LASSO regression allows the identification of biologically 
relevant gene modules while maintaining statistical rigor and 
preventing overfitting. As mentioned above, this approach has 
been successfully applied in recent studies to develop robust 
prognostic models for various cancer types. External validation 
using an independent dataset confirms the generalizability 
of our findings and supports the clinical application of the 
adenosine signature.

Limitations
We acknowledge that our study has several limitations. First, the 
retrospective cohort design and reliance on publicly available 
datasets may lead to selection bias and limit the generalizability 
of the results to diverse patient populations. Potential batch 
effects between different datasets, such as TCGA-OV and 
GSE14764, and inherent cohort imbalances, including variations 
in treatment protocols or follow-up durations, could influence 
the generalizability of our findings. Second, although our 
experimental validation focused on VSIG4, functional studies 
of other signature genes would provide additional mechanistic 
insights. Third, the lack of treatment-specific information in the 
datasets limits our ability to evaluate the value of the signature 
for specific therapeutic interventions.

Future research may focus on large-scale, prospective, 
randomized trials of the adenosine signature in clinical 
settings and the investigation of its predictive value for specific 
treatments, particularly immune checkpoint inhibitors and 
adenosine pathway-targeted therapies. Additionally, single-
cell RNA sequencing studies may provide deeper insights 
into the cellular sources and targets of adenosine signaling 
in the ovarian cancer microenvironment. The development 
of companion diagnostics based on the adenosine signature 
could facilitate the implementation of precision medicine 
approaches in ovarian cancer management. The integration 
of adenosine pathway targeting with existing therapeutic 
modalities represents a promising avenue for improving 
ovarian cancer outcomes. Recent clinical trials investigating 
adenosine receptor antagonists combined with immune 
checkpoint blockers have shown encouraging preliminary 
results, as mentioned previously. Determining which patients 
are likely to benefit from such combinations using our 
adenosine signature could enhance treatment efficacy while 
minimizing unnecessary toxicity.

In summary, our study establishes a modern adenosine 
pathway-based prognostic signature that provides 
valuable insights into ovarian cancer biology and clinical 
outcomes. The signature demonstrates robust prognostic 

performance, reveals important characteristics of the immune 
microenvironment, and identifies potential therapeutic 
targets for precision medicine approaches. The experimental 
validation of VSIG4 as a key driver of cancer aggressiveness 
supports its potential as an antitumor target. Our findings 
could improve the understanding of adenosine signaling 
in tumors and provide a basis for developing personalized 
treatment modalities for patients with ovarian cancer.

CONCLUSION
We developed and validated a comprehensive adenosine 
pathway-based prognostic signature for epithelial ovarian 
cancer. This model may have significant clinical utility for 
patient stratification and treatment guidance. The nine-gene 
signature, comprising PIK3CG, VSIG4, MATK, PIEZO1, RARRES1, 
SELL, S1PR4, IL18BP, and CD40LG, provides robust prognostic 
information with AUC values from 0.62 to 0.71 for overall survival 
prediction. High-risk patients identified by this signature exhibit 
distinct biological characteristics, including enrichment for cell 
proliferation and angiogenesis pathways, reduced immune cell 
infiltration, and elevated expression of immune checkpoint 
markers. Functional validation of VSIG4 as a key driver of cancer 
cell aggressiveness supports its potential as a therapeutic target. 
This adenosine-related prognostic signature provides valuable 
insights into the characteristics of the immune microenvironment 
and offers a foundation for developing personalized therapeutic 
approaches in ovarian cancer management.
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Objective: This study investigated new seropositivity detected during repeat screening 
among first-degree relatives of pediatric index cases with celiac disease (CD) who were 
seronegative at initial screening.
Materials and Methods: This single-center, observational, family-based screening study 
was conducted at a tertiary pediatric gastroenterology center. First-degree relatives 
of 117 pediatric index cases with biopsy-confirmed CD were invited for screening. 
CD screening was performed using tissue transglutaminase immunoglobulin A, with 
tissue transglutaminase immunoglobulin G used in cases of low total immunoglobulin 
A. Individuals with seropositivity underwent upper gastrointestinal endoscopy with 
duodenal biopsy. Histopathologic findings were evaluated according to the Marsh 
classification. Among participants with negative initial serology, those whose first 
screening had been performed at least 1 year earlier underwent repeat serologic 
screening.
Results: Of the 462 invited first-degree relatives, 376 participated in the initial screening. 
Seropositivity was detected in 5.6% of participants, and biopsy-confirmed CD was established 
in 5.0%. Among the 355 individuals with negative initial serology, 101 underwent repeat 
screening after a median interval of 3.0 years. New seropositivity was detected in 4 of these 
101 individuals [3.9%; exact binomial 95% CI: 1.1–9.8], and all had biopsy-confirmed CD. 
Three of the newly identified cases were siblings who had been screened in early childhood. 
No significant association was found between the presence of symptoms and serologic 
positivity at either screening.
Conclusion: First-degree relatives of pediatric patients with CD represent a high-risk group 
in whom new seropositivity may emerge over time. Repeat screening, particularly in relatives 
first screened during early childhood, may improve case detection.
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INTRODUCTION
Celiac disease (CD) is an immune-mediated enteropathy 
triggered by gluten ingestion in genetically susceptible 
individuals, with a clinical spectrum ranging from asymptomatic 
disease to overt malabsorption.1,2 Although the prevalence 
of CD in the general population has been reported to be 
approximately 1% to 1.65%, the biopsy-confirmed prevalence 
among healthy schoolchildren in Türkiye has been reported 
to range from 0.46% to 0.63%.2–6 Among first-degree relatives, 
however, the prevalence is substantially higher, with rates 
ranging from approximately 4.2% to 15% across studies.1,6–8 In 
addition, a considerable proportion of cases identified through 
family screening may be asymptomatic, indicating that a 
symptom-based approach alone may be insufficient.9,10

Accordingly, current literature recommends serologic 
screening for first-degree relatives of individuals with CD.2,8 
However, the optimal follow-up strategy for relatives with 
negative initial screening results remains unclear. Although 
previous studies have shown that a single screening 
assessment may be insufficient and that new seropositivity 
may emerge over time, no standard approach has been 
established regarding which individuals should undergo 
repeat screening, which age groups should be prioritized, or 
what rescreening interval would be most appropriate.2,11,12 In 
particular, cases with negative initial results during childhood 
but subsequent development of new seropositivity during 
follow-up suggest that family screening at a single time point 
may not be adequate.8,11,12

This study aimed to investigate newly detected seropositivity 
identified by repeat screening among first-degree relatives of 
pediatric index cases with CD who were seronegative at initial 
screening.

MATERIALS AND METHODS
Study Setting and Design

This was a single-center, observational, family-based 
screening study conducted among first-degree relatives of 
pediatric index cases with CD at the Division of Pediatric 
Gastroenterology, Gulhane Training and Research Hospital. 
During the study period, from May 2025 to February 2026, 
first-degree relatives of 117 index cases aged 0–18 years who 
had been diagnosed with CD according to the 2012 or 2020 
European Society for Paediatric Gastroenterology, Hepatology 
and Nutrition (ESPGHAN) guidelines and had biopsy-
confirmed diagnoses were evaluated for screening.13,14

Ethics Approval/Informed Consent

This study was approved by University of Health Sciences 
Gulhane Scientific Research Ethics Committee (Approval 

Number: 2025-267, Date: 06.05.2025). All stages of the study 
were conducted in accordance with the principles of the 
Declaration of Helsinki, as revised in 2013. Verbal and written 
information about the study was provided to all participants 
or to the legal guardians of individuals younger than 18 years, 
and written informed consent was obtained.

Participant Selection and Screening Approach
During the study period, first-degree relatives of index cases 
presenting to the outpatient clinic were invited to participate 
in the screening program, and those who agreed to 
participate constituted the study group. For individuals who 
had not previously undergone CD screening, the first serologic 
screening was performed as part of the study.

For those who had previously undergone serologic 
evaluation, earlier screening results were obtained from 
the hospital information system and the e-Nabız system. In 
individuals whose previous first screening had demonstrated 
seropositivity and/or in whom CD had been diagnosed, the 
available records were reviewed to confirm that the diagnosis 
was consistent with the 2012 or 2020 ESPGHAN guidelines, 
and these results were recorded as the first screening data.13,14

Among individuals whose first serologic evaluation was 
negative, all those whose previous assessment had been 
performed at least 1 year earlier were included in the second 
serologic screening. The study flow is presented in Figure 1.

Before study enrollment, prior adherence to a gluten-free diet 
was also assessed in individuals without a previous diagnosis 
of CD; however, no participant was found to be fully following 
a gluten-free diet.

For all participants, degree of relationship, age, sex, presence 
of symptoms, age at first screening, age at second screening 
when applicable, and the interval between the two screenings 
were recorded.

KEY MESSAGES

•	 Initial screening detected seropositivity in 5.6% of 
first-degree relatives and biopsy-confirmed celiac 
disease in 5.0%.

•	 Among initially seronegative relatives retested after 
at least 1 year, new seropositivity was detected in 
3.9%, and all cases were biopsy-confirmed.

•	 Repeat screening may improve case detection, 
particularly in relatives first screened during early 
childhood, because symptoms did not distinguish 
seropositive individuals from seronegative individuals.
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Serologic Evaluation
In the first and second screening tests performed at our 
hospital, serum tissue transglutaminase immunoglobulin A 
(tTG-IgA) levels >10 U/mL were considered positive. Because 
the serologic tests obtained from previous records had 
been performed in different laboratories using different 
commercial kits, positivity was defined according to the upper 
limit of normal specified by the relevant laboratory or kit 
manufacturer for each test. CD screening was performed using 
tTG-IgA and total immunoglobulin A (IgA) tests. In individuals 
with low total IgA levels, the evaluation was completed using 
tissue transglutaminase immunoglobulin G (tTG-IgG). In tests 
performed at our hospital, tTG-IgA and tTG-IgG levels were 
measured using enzyme-linked immunosorbent assay (ELISA) 
(Alegria®, ORGENTEC Diagnostika GmbH, Mainz, Germany).

Clinical Evaluation and Endoscopic Examination
All participants were questioned in detail about 
gastrointestinal and extraintestinal manifestations associated 
with CD, including diarrhea, vomiting, abdominal pain, weight 

loss, constipation, fracture history, dermatitis herpetiformis, 
growth retardation, and anemia. Endoscopic tissue sampling 
was recommended for all participants with seropositivity on 
serologic screening, and all agreed to undergo the procedure. 
In pediatric participants, the procedures were performed 
by the same pediatric gastroenterologist, whereas in adult 
participants, all procedures were performed by the same 
adult gastroenterologist. All endoscopic procedures were 
performed under deep sedation in the presence of an 
anesthesiology specialist. The Fujinon Eluxeo VP-7000/BL-
7000 endoscopy system (Fujifilm Corporation, Tokyo, Japan) 
was used for all procedures. Written informed consent was 
obtained from the patients and/or their parents or legal 
guardians before the procedure.

Histopathologic Evaluation and Diagnostic Criteria
A total of 6 tissue samples were obtained from all individuals 
who underwent endoscopy, including 2 from the duodenal 
bulb and 4 from the postbulbar duodenum. Histopathologic 
evaluation was performed according to the Marsh 

Figure 1. Flow diagram of participant selection and screening process.

117 pediatric patients with celiac disease

First-degree relatives invited (n=462)

Study group participants (n=376)

(122 mothers, 107 fathers, 147 siblings)

First screening negative 
(n=355)

Second screening negative 
(n=97)

Second screening positive (n=4, 3.9%)

(3 siblings, 1 father)

Biopsy-confirmed celiac disease

(Marsh type 3)

Second screening (n=101)
(51 parents, 50 siblings)

First screening positive (n=21, 5.6%)

Previously screened (n=107)	 Newly screened (n=269)

Previously screened positive (n=6)	 Newly identified positive (n=15)
Biopsy-confirmed celiac disease (n=4)	 Biopsy-confirmed celiac disease (n=15)

2 potential patients

(Antibodies became negative during 
follow-up: 32 and 23 months)

First screening (n=376)

Declined to participate

(n=86)

Excluded: 
<1 year 

since first 
screening
(n=254)
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classification.15 Individuals with histopathologic findings 
compatible with Marsh type 2 or type 3 were diagnosed 
with CD. In this study, new diagnoses were established in 
accordance with the ESPGHAN 2020 criteria; however, the no-
biopsy diagnostic approach was not applied.14

Sample Size and Power Analysis

For the first screening stage, the sample size was justified 
using an a priori power analysis based on the lowest 
prevalence estimate reported for first-degree relatives in the 
literature. Assuming a CD prevalence of 1.0% in the general 
population and a conservative expected prevalence of 4.2% 
among first-degree relatives, a one-tailed exact binomial test 
was performed using G*Power 3.1.9.7.1,7 With an effect size 
g of 0.032, α=0.05, and 95% power, the minimum required 
sample size was calculated as 248 participants. The inclusion 
of 376 participants in the first screening stage exceeded this 
minimum requirement.

For the second screening stage, a separate a priori power 
analysis was not performed because this subgroup was 
determined by the number of initially seronegative participants 
who were eligible for repeat testing after at least 1 year. 
Therefore, the second screening analysis was considered an 
exploratory follow-up analysis within the predefined eligible 
cohort. To support interpretation of the follow-up yield, the 
observed new seropositivity rate was presented with an exact 
binomial 95% confidence interval.

Statistical Analysis

Categorical variables were presented as numbers and 
percentages, whereas continuous variables were presented 
as medians, interquartile ranges (IQRs), and minimum–
maximum values, as appropriate. The normality of continuous 
variables was assessed using the Shapiro–Wilk test and visual 
inspection of histograms. Because the data were not normally 
distributed, continuous variables were compared using the 
Mann–Whitney U test. Categorical variables were compared 
using Fisher’s exact test. Effect sizes were reported as r for 
Mann–Whitney U tests and phi coefficients (φ) for categorical 
comparisons. All comparative statistical tests were two-tailed, 
and p<0.05 was considered statistically significant. Statistical 
analyses were performed using IBM Statistical Package for the 
Social Sciences (SPSS) Statistics for Windows, Version 22.0 (IBM 
Corp., Armonk, NY, USA).

RESULTS
Participant Flow

During the study period, a total of 462 first-degree relatives 
of index cases presenting to the outpatient clinic were invited 
for screening. Among those invited, 376 individuals agreed 

to participate and constituted the main study group. Of the 
355 individuals who were seronegative at the initial screening, 
101 whose first screening had been performed at least 1 year 
earlier were included in the second screening analysis (Fig. 1).

First Screening Results
Of the 376 individuals included in the study group, 195 were 
female and 181 were male, with a median age of 31.0 years 
(IQR: 12.0–39.0; range: 2–59). Among the participants, 229 
were parents (122 mothers and 107 fathers), whereas 147 
were siblings (73 girls and 74 boys). The median age was 
37.0 years (IQR: 33.0–43.0) for parents and 10.0 years (IQR: 
6.0–13.5) for siblings.

At the first serologic screening, CD seropositivity was detected 
in 21 of the 376 individuals (5.6%). The seropositivity rate was 
3.9% among parents (n=9; 5 mothers and 4 fathers) and 8.2% 
among siblings (n=12). Of the 21 seropositive individuals, 19 
were diagnosed with biopsy-confirmed CD. Histopathologic 
examination showed Marsh type 2 in 1 case and Marsh type 
3 in 18 cases. In 1 mother aged 36 years and 1 sibling aged 
12 years with seropositivity, biopsy results were reported 
as Marsh 0–1. During follow-up, tTG-IgA levels remained 
negative for 32 and 23 months, respectively, in these 2 
individuals (Fig. 1).

Second Screening Results
Among the 355 individuals who were seronegative at the 
initial screening, 101 participants (55 females and 46 males) 
whose first screening had been performed at least 1 year 
earlier underwent second screening. The median interval 
between the two screenings was 3.0 years (IQR: 2.0–4.0; range: 
1.0–11.0). Of the follow-up group, 51 were parents (30 mothers 
and 21 fathers), whereas 50 were siblings (25 girls and 25 boys). 
At the time of the second screening, the median age was 38.0 
years (IQR: 34.0–40.0) in the parent group and 11.0 years (IQR: 
6.3–15.0) in the sibling group. Screening results according to 
age distribution are presented in Figure 2.

At the second serologic screening, new CD seropositivity was 
detected in 4 of the 101 individuals [3.9%; exact binomial 95% 
CI: 1.1–9.8], and all were diagnosed with biopsy-confirmed 
CD. Because only 4 individuals tested positive at the second 
screening, this finding should be interpreted descriptively 
and with caution. The characteristics of these individuals are 
presented in Table 1.

Relationship Between Symptom Presence and Serologic 
Status
At both screenings, no significant difference was found in 
symptom presence between seropositive and seronegative 
individuals (Table 2).
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DISCUSSION
In this family screening study conducted among first-degree 
relatives of pediatric index cases with CD, seropositivity was 
detected in 21 of 376 individuals (5.6%) at the initial screening, 
and CD was biopsy-confirmed in 19 of them (5.0%). At the 
initial screening, the seropositivity rate was numerically higher 
in siblings than in parents (8.2% vs. 3.9%). Among the 101 
individuals who were seronegative at the initial screening and 
reassessed at least 1 year later, new seropositivity was detected 
in 4 (3.9%), and biopsy-confirmed CD was established in all 
of them. The finding that 3 of these newly identified cases 
were siblings who were 2–3 years old at the first screening 
and diagnosed at 6–9 years of age at the second screening 
suggests that repeat screening may contribute to the detection 

of new cases, particularly in children first screened during early 
childhood. In addition, the absence of a significant association 
between symptom presence and serologic positivity at either 
screening indicates that a screening approach based solely on 
clinical complaints may be insufficient in family-based screening.

Our findings are consistent with the literature showing 
that the prevalence of CD is substantially higher in first-
degree relatives than in the general population. Doğan et 
al.1 reported a biopsy-confirmed prevalence of 4.8% in 484 
first-degree relatives, whereas Bonamico et al.16 reported a 
prevalence of 9.5%. In the study by Singla et al.,17 the biopsy-
confirmed prevalence was 8.9%, while Wessels et al.8 reported 
a prevalence of 15% among screened relatives. More recently, 
a meta-analysis including 34 studies and 10,016 first-degree 

Figure 2. First and second screening results according to age distribution. The numbers within the columns indicate the 
number of participants in each group, while the percentages (%) above the columns represent the overall celiac screening 
positivity rate for the corresponding age group.

Table 1. Characteristics of individuals newly diagnosed with celiac disease at the second screening

Participant
Degree of 

relationship
Sex

Age at first 

screening, years

Age at second 

screening, years
Symptom Marsh classification

1 Sibling Female 2 9 None Type 3b

2 Sibling Female 2 6 Mild malnutrition Type 3c

3 Sibling Male 3 9 None Type 3c

4 Father Male 39 42 Constipation Type 3b
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relatives reported a pooled seroprevalence of 11% and a 
biopsy-confirmed prevalence of 7%.18 In addition, Ahmadipour 
et al.19 found a prevalence of 8.6% in a cohort including only 
siblings, whereas the Mayo Clinic cohort reported rates as high 
as 44.4% among screened first-degree relatives; this suggests 
that the observed frequency may be influenced by screening 
intensity, study methodology, and the characteristics of 
selected cohorts.9,19 Taken together, these data clearly indicate 
that first-degree relatives constitute a high-risk group for CD.

When evaluated in terms of age-related risk, the available 
evidence supports the importance of repeat screening, 
particularly during childhood. Wessels et al.8 showed that 
repeat testing is warranted in human leukocyte antigen 
(HLA)-DQ2/DQ8-positive first-degree relatives, especially 
those younger than 10 years of age when the index case was 
diagnosed, and that a substantial proportion of children who 
were 0–1 years old at initial evaluation were identified through 
serial screening within a mean period of 3.9±2.5 years. Paavola 
et al.12 likewise reported, over approximately 10 years of follow-
up, that individuals with a new diagnosis or new seropositivity 
were younger at baseline screening, with a first screening 
age of 23.3 years compared with 40.5 years.12 Similarly, in the 
study by Ahmadipour et al.,19 75% of newly diagnosed siblings 
were ≤15 years of age, further supporting the importance 
of screening during childhood and early adolescence. In our 
study, 3 of the 4 newly identified cases at the second screening 
were siblings who had first been screened in early childhood, 
suggesting that a single negative test may not be sufficient 
to reliably exclude the disease in this age group. We also 
identified 1 father who developed seropositivity 3 years after a 
negative first screening; however, larger studies are needed to 
clarify the potential role of repeat screening in adults.

The inadequacy of a symptom-based approach is another 
important finding of our study. Gould et al.10 showed that 51% 
of children screened because of an affected first-degree family 
member were asymptomatic, despite having histologic severity 
comparable to that of other diagnostic groups. Similarly, 

Goldberg et al.11 reported a 3.5% rate of new seropositivity 
on repeat evaluation of 171 family members whose initial 
screening results were negative; most of these individuals were 
asymptomatic, and no change in symptoms was observed during 
follow-up. Paavola et al.12 also found no significant differences in 
current symptoms or comorbidities between newly identified 
cases and unaffected relatives. Likewise, in the study by Nellikkal 
et al.,9 only 6% of first-degree relatives who were diagnosed had 
classical symptoms, whereas 66% had nonclassical symptoms 
and 28% were asymptomatic, suggesting that silent or subtle 
clinical presentations may predominate in family screening. 
Therefore, in individuals with a family history, screening should 
not be based on the presence of symptoms alone.

The strengths of our study include endoscopic confirmation in 
all seropositive cases and the inclusion of repeat testing after 
an initially negative screening. In addition, siblings and parents 
were evaluated separately, making the distribution of risk more 
clearly visible. However, several limitations should also be 
acknowledged. Repeat screening was restricted to individuals 
whose first screening had been performed at least 1 year 
earlier; therefore, the follow-up findings should be interpreted 
within this predefined follow-up framework and may not fully 
represent all individuals who were seronegative at the initial 
screening. In addition, only 4 individuals tested positive at 
the second screening; therefore, these findings should be 
interpreted cautiously as the observed diagnostic yield within 
this predefined single-center follow-up cohort and should 
not be generalized to all first-degree relatives. The absence of 
HLA-based risk stratification also limits direct comparison with 
the risk-based repeat screening strategies proposed in the 
literature.8,12,16 In addition, because the initial screening data were 
obtained from different laboratories using different commercial 
kits, standardization of the serologic results may have been 
limited. Although tTG-IgA is accepted as the preferred first-line 
test for the diagnosis of CD because of its high sensitivity and 
specificity, the lack of endomysial antibody assessment in our 
study may have limited serologic confirmation.6,14,20

Table 2. Comparison of age, sex, and symptom status according to serologic status at the first and second screenings

Variable

First 

screening 

negative 

(n=355)

First 

screening 

positive 

(n=21)

p
Effect 

size

Second 

screening 

negative 

(n=97)

Second 

screening 

positive 

(n=4)

p
Effect 

size

Age, years, median (IQR) 32 (12.0–39.0) 21 (14.0–35.0) 0.265u r=0.057 31 (12.0–38.0) 9 (8.0–17.0) 0.299u r=0.103

Female, n (%) 185 (52.1) 10 (47.6) 0.822f φ=0.018 53 (54.6) 2 (50.0) 1.000f φ=0.003

Symptomatic, n (%) 69 (19.4) 6 (28.6) 0.396f φ=0.047 25 (25.8) 2 (50.0) 0.290f φ=0.117

u: Mann–Whitney U test; f: Fisher’s exact test. IQR: Interquartile range (25–75th percentiles). Effect sizes are presented as r for Mann–Whitney U tests and phi coefficients 
(φ) for categorical comparisons.
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CONCLUSION
This family-based screening study showed that new 
seropositivity can be detected both at initial screening and 
on repeat evaluation among first-degree relatives of pediatric 
index cases with CD. The occurrence of new seropositivity 
during follow-up, particularly in siblings whose initial 
screening was negative in early childhood, suggests that 
repeat screening may provide additional diagnostic yield 
in selected relatives. In addition, the inability of symptom 
presence to distinguish serologic positivity supports that a 
screening strategy based solely on clinical complaints may be 
inadequate in family screening.
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Intramuscular Hydatid Cyst Involving the Hamstring 
Muscles: A Rare Localization
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Background: Echinococcosis is a parasitic zoonosis that predominantly affects the liver and 
pulmonary system. Isolated involvement of skeletal muscle in the absence of visceral disease 
is exceptionally rare, accounting for approximately 1–3% of cases. Owing to nonspecific 
clinical manifestations and overlapping imaging characteristics, muscular hydatid cysts may 
be misinterpreted as neoplastic lesions or abscesses, thereby complicating the diagnostic 
process.
Case Report: A 64-year-old woman presented with a painful mass in the posterior aspect 
of her thigh that had gradually increased in size. Magnetic resonance imaging revealed a 
well-circumscribed cystic lesion containing detached internal membranes, consistent with 
World Health Organization (WHO) stage 3a cystic echinococcosis (CE3a) and indicative of an 
active transitional hydatid cyst. Serological testing was strongly positive, and no evidence of 
hepatic or pulmonary involvement was detected. The patient was treated with albendazole 
therapy followed by a percutaneous puncture–aspiration–injection–reaspiration (PAIR) 
procedure, resulting in cyst regression without complications.
Conclusion: In endemic regions, hydatid disease should be considered in the differential 
diagnosis of atypical soft-tissue masses, even in the absence of visceral organ involvement 
or a clear history of exposure.
Keywords: Atypical presentation, echinococcosis, hydatid cyst, muscular mass.

ABSTRACT

INTRODUCTION
Echinococcosis, caused by cestodes of the genus Echinococcus, most commonly involves the liver 
and lungs, which together account for more than 90% of cases.1 Imaging modalities, including 
ultrasonography and magnetic resonance imaging (MRI), in combination with serological assays, 
are essential for establishing an accurate diagnosis and guiding appropriate treatment planning.2

This rarity has been attributed to the unfavorable microenvironment of muscle tissue for parasite 
development, including high lactic acid concentrations, continuous muscle contractions, and rich 
vascularization.3 Clinically, muscular hydatid cysts may mimic soft-tissue tumors or abscesses, 
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thereby complicating early diagnosis. Imaging techniques such 
as ultrasonography and MRI, together with serological testing, 
play a crucial role in diagnosis and therapeutic planning.2,4

Herein, we describe a rare case of a primary isolated muscular 
hydatid cyst located in the posterior thigh, successfully 
treated with albendazole therapy followed by a puncture–
aspiration–injection–reaspiration (PAIR) procedure. Written 
informed consent was obtained from the patient for 
publication of this report.

CASE REPORT
A 64-year-old woman with a history of hypertension presented 
with swelling in the posterior region of the left thigh that had 
been present for two years, with noticeable enlargement over 
the preceding 15 days. She reported moderate localized pain 
but denied fever, chills, or other systemic symptoms. There 
was no history of livestock exposure, pet ownership, trauma, 
invasive procedures, or insect bites. Physical examination 
revealed a firm, fixed 10-cm mass in the distal posterior 
thigh, accompanied by mild warmth and tenderness (Fig. 1a). 
Laboratory evaluation showed a leukocyte count of 7,900/
mm³, an erythrocyte sedimentation rate (ESR) of 35 mm/h, 
and a C-reactive protein (CRP) level of 3.1 mg/dL. All other 
biochemical parameters were within normal limits.

Magnetic resonance imaging demonstrated a 10 × 5.5 × 8.5 
cm lesion located deep to the fascia lata and superficial to the 
semitendinosus and semimembranosus muscles. The lesion 
exhibited low signal intensity on T1-weighted sequences and 
high signal intensity on T2-weighted sequences, with clearly 
visible detached germinative membranes. These radiological 

findings corresponded to the World Health Organization 
(WHO) stage 3a cystic echinococcosis (CE3a) (Fig. 1b). The 
presence of floating internal membranes reflects a transitional 
stage between active and inactive hydatid disease, thereby 
reinforcing the clinicoradiological correlation between 
imaging findings and the WHO cystic echinococcosis staging 
system. The indirect hemagglutination assay was positive at a 
titer of 1:2560. Thoracic and abdominal imaging revealed no 
evidence of visceral involvement.

Albendazole therapy (400 mg twice daily) was initiated, and 
in the third week of treatment, the patient underwent a 
PAIR procedure performed by interventional radiology. No 
complications occurred, and follow-up imaging demonstrated 
regression of the cyst (Fig. 1c–d).

DISCUSSION
Hydatid cysts arising primarily within skeletal muscle 
represent an uncommon manifestation of echinococcosis, 
comprising only a small proportion of reported cases (<4%). 
Isolated muscular involvement without concomitant hepatic 
or pulmonary disease, as observed in the present case, is 
considered exceptional. Previously reported sites include the 
thigh, gluteal region, paraspinal muscles, and psoas muscle.

Diagnosis is often delayed because muscular hydatid cysts 
typically present as slowly enlarging soft-tissue masses that may 
mimic neoplastic or infectious conditions.5 Ultrasonography is 
commonly employed as an initial diagnostic modality, enabling 
visualization of characteristic features such as daughter cysts, 
floating membranes, or hydatid sand. Owing to its excellent 
tissue characterization capability, magnetic resonance imaging 

Figure 1. Image features of a hydatic cyst in the left thigh. (a) Physical examination findings at the time of admission. (b) Pre-
procedural axial fat-suppressed T2-weighted magnetic resonance imaging (MRI) demonstrates a cystic lesion with a detached 
germinative membrane, classified as World Health Organization (WHO) cystic echinococcosis (CE) stage 3a. (c) Post-procedural 
axial fat-suppressed T2-weighted MRI demonstrates an 81% reduction in cyst volume, with further accentuation of detachment 
of the germinative membranes. (d) Post-procedural ultrasound image obtained using a linear transducer demonstrates the 
cystic lesion and the germinative membranes. 

CE: Cystic echinococcosis; MRI: Magnetic resonance imaging; WHO: World Health Organization.

(a) (b) (c) (d)
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plays a key role in evaluating cyst architecture, identifying 
internal membranes or septations, and differentiating hydatid 
cysts from other soft-tissue lesions.1,4

Diagnostic serological methods, including indirect 
hemagglutination and enzyme-linked immunosorbent 
assays, may provide supportive evidence for diagnosis; 
however, their sensitivity varies according to cyst location and 
biological activity. Seropositivity is generally higher in active 
or transitional cysts and may also assist in guiding treatment 
decisions. Management options include surgical excision, 
percutaneous interventions such as PAIR, and medical therapy 
with albendazole. The puncture–aspiration–injection–
reaspiration technique has gained acceptance as a minimally 
invasive alternative for accessible cysts or for patients at 
increased surgical risk. Adjunctive albendazole therapy 
administered before and after PAIR reduces cyst viability, 
decreases intracystic pressure, and lowers recurrence rates.6

CONCLUSION
This case underscores the importance of considering hydatid 
disease in the differential diagnosis of any atypical soft-tissue 
mass in endemic regions, even in the absence of a clear 
exposure history or visceral involvement. Although rare, 
primary isolated muscular hydatid cysts should be considered 
when evaluating atypical soft-tissue masses in endemic areas.
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Poppers, A Potential Trigger for Hemolytic Anemia:
A Case Report
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Background: Hemolytic anemia is a rare but possible complication of inhaled nitrite use, 
particularly among patients with glucose-6-phosphate dehydrogenase (G6PD) deficiency. 
This occurs when the oxidative effect of nitrites exceeds the enzymatic reducing capacity 
of the erythrocytes. In patients with G6PD deficiency, this reducing capacity is impaired, 
making them more susceptible to hemolysis.
Case Report: A 36-year-old male with no relevant medical history was admitted to the 
Internal Medicine ward presenting with fever (38 °C), general malaise, and mucocutaneous 
jaundice. Laboratory tests revealed a non-autoimmune regenerative hemolytic anemia with 
a hemoglobin of 8.3 g/dL, reticulocytes of 12.8%, unesterified bilirubin of 7.7 mg/dL, LDH 
of 1590 U/L, haptoglobin <8 mg/dL, and a negative direct Coombs test. Notably, three days 
before symptom onset, the patient used inhaled nitrites (“Poppers”) recreationally. Further 
investigation confirmed G6PD deficiency.
Conclusion: Nitrite inhalation can trigger hemolytic anemia in both healthy and G6PD-
deficient individuals.
Keywords: Glucose-6-phosphate (G6PD) deficiency, hemolytic anemia, inhaled nitrites, 
methemoglobinemia.

ABSTRACT

INTRODUCTION
We present a case of a male patient who developed hemolytic anemia following inhaled nitrite use 
and was subsequently diagnosed with glucose-6-phosphate dehydrogenase (G6PD) deficiency. 
G6PD deficiency is the most common enzymatic disorder of red blood cells, affecting 400 to 500 
million people worldwide.

Inhaled nitrites, including amyl nitrite - commonly known as “Poppers” - are recreational drugs 
primarily used in sexual contexts. Nitrites have been used for centuries, with their prevalence 
increasing particularly among younger populations. Through an oxidative mechanism that affects 
erythrocytes, they can induce hemolysis, although only a few cases have been documented in the 
literature.1-3
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CASE REPORT
A 36-year-old male with no significant medical history 
presented to the Emergency Department with a 24-hour 
history of general malaise, fatigue, a fever reaching 38 °C, 
mucocutaneous jaundice, and dark urine. The patient denied 
any other accompanying symptoms. He admitted to using 
“Poppers,” inhaled nitrites, in a recreational context three 
days prior to clinical onset and denied the use of other drugs. 
Further history revealed no signs of infection in the preceding 
weeks. He had a stable female sexual partner, denied contact 
with animals, and had not traveled abroad. He lived in an 
urban area and worked as an office administrator.

Upon examination, his temperature was 37.1 °C, blood pressure 
120/65 mmHg, heart rate 90 bpm, and oxygen saturation 98% 
on room air. He appeared in good general condition with 
evident mucocutaneous jaundice, but physical examination 
revealed no other significant findings.

The initial differential diagnosis considered, on the one hand, 
digestive causes of jaundice, such as biliary disorders, and, on 
the other hand, hematological causes.

Complementary tests were conducted, including blood 
tests, with the most relevant results presented in Table 1. 
Serological tests for syphilis; Epstein-Barr virus; toxoplasmosis; 
cytomegalovirus; hepatitis A, B, and C; HIV (antibodies and p24 
antigen); and Bartonella spp were negative. The urine sediment 
was non-pathological, and both blood cultures and respiratory 
virus PCR tests were negative. The electrocardiogram and chest 
X-ray were normal, but an abdominal ultrasound revealed 
splenomegaly, measuring 13.6 x 6.5 cm. The patient received 
intravenous ceftriaxone, 1 g, for 5 days. Throughout his stay, 
he showed good clinical and laboratory improvement, with 
gradual normalization of hemoglobin and bilirubin levels. He 
was discharged after 7 days with complete clinical recovery 
and resolution of the anemia, which was suspected to be 
associated with consumption of inhaled nitrites (Poppers). 
Further laboratory tests revealed G6PD deficiency of 3 mU/109 
erythrocytes (normal values 118-144 mU/109 erythrocytes), 
confirming the diagnosis of a hemolytic anemia episode in the 
context of inhaled nitrite consumption in a patient with G6PD 
deficiency. At a follow-up visit three months after discharge, 
the patient remained clinically stable and asymptomatic, with 
no new episodes. He denied any further use. Guidelines for 
foods and medications were provided, and the patient was 
discharged with follow-up by the primary care physician.

DISCUSSION
Inhaled nitrites, including amyl nitrite —colloquially known 
as “Poppers” — are widely used recreationally, particularly 
in sexual contexts. They produce a pleasurable effect and 

Table 1. Principal findings of the blood analysis

Parameter Value Unit

Hemoglobin 8.3 g/dL
Hematocrit 24 %
MCV 98 μm3

MHC 33 pg
Reticulocites 12.8 %
Fraction of immature red 

blood cells
0.6 %

Peripheral blood morphology

Polychromatophilia 

without notable 

morphological 

alterations

–

Direct Coombs test Negative –
Hemoglobin electrophoresis HbF 0.3, HbA2 2.3 %
Fibrinogen 733 mg/dL
D-dimer 3990 FEU/mL
Creatinine 0.84 mg/dL

GFR >90 
mL/min/ 

1.73 m2

Total bilirubin 8.5 mg/dL
Esterified bilirubin 0.8 mg/dL
Unesterified bilirubin 7.7 mg/dL
GGT 11 U/L
LDH 1590 U/L
PCT 0.53 ng/mL
CRP 83 mg/L
Haptoglobin <8 mg/dL
Folic acid 14 µg/L
Cobalamin 236 ng/L
Transferrin 150 mg/dL
TSI 37 %
Ferritin 1953 µg/L
Iron 78 µg/dL
Complement C3 116 mg/dL
Complement C4 26 mg/dL
Lupus anticoagulant Negative –
Beta 2 microglobulin Negative –
Anticardiolipin antibodies Negative –
Proteinogram Negative –
Venous pH 7.39 –
Venous HCO3

- 22.4 mmol/L
Venous lactate 1.3 mmol/L
MCV: Mean corpuscular volume; MCHC: Mean corpuscular hemoglobin 
concentration; GFR: Estimated glomerular filtration rate; GGT: Gamma-glutamyl 
transferase; LDH: Lactate dehydrogenase; PCT: Procalcitonin; CRP: C- reactive 
protein; TSI: Thyroid-stimulating Immunoglobulin.
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function as vasodilators, enhancing penile erection and 
promoting relaxation of the anal sphincter.1,2

Inhaled nitrites are highly oxidizing substances. From a 
hematological perspective, they present two potentially life-
threatening complications. First, they induce the formation of 
methemoglobin by oxidizing hemoglobin from its ferrous to 
ferric form, rendering it incapable of performing its physiological 
oxygen transport function, thus causing functional hypoxia.1,2 
Second, it can lead to hemolysis through an oxidative stress 
mechanism. Under normal conditions, erythrocytes protect 
their cell membranes from oxidation by producing reduced 
glutathione. G6PD catalyzes the first reaction in this pathway. 
Various chemical agents can overwhelm this physiological 
system and cause oxidation at multiple levels. Oxidation of the 
erythrocyte membrane impairs its flexibility, promotes cellular 
lysis, and results in intravascular hemolysis. On the other hand, 
oxidation of hemoglobin leads to dissociation of the heme 
group from globin, generating insoluble aggregates known as 
Heinz bodies. These aggregates can attach to the inner surface 
of the erythrocyte membrane, making the cell susceptible to 
lysis as it passes through the splenic sinusoids, thereby also 
contributing to extravascular hemolysis.1-3

Several studies have analyzed the mechanisms underlying 
hemolysis induced by inhaled nitrites. A dose-dependent 
relationship has been demonstrated, with a reported threshold 
of 30 mL of amyl nitrite required to induce hemolysis.1 
Hemolysis can occur in patients with normal G6PD levels, 
as nitrites possess sufficient oxidative potential to induce a 
hemolytic crisis, even in the presence of adequate enzymatic 
activity. However, in patients with G6PD deficiency, reduced 
enzymatic activity increases individual susceptibility to these 
substances, leading to hemolysis at lower concentrations than 
in healthy individuals.3,4

The treatment of hemolytic anemia caused by nitrite inhalation 
is based on supportive measures and the discontinuation 
of exposure to the triggering agent. In cases of hemolytic 
crisis,methylene blue is the treatment of choice.

However, methylene blue is contraindicated in patients with 
G6PD deficiency. In such cases, ascorbic acid can be used 
because of its strong reducing capacity.1

The clinical presentation was consistent with previously 
reported cases, although some patients exhibited more 
severe manifestations requiring intensive care support. G6PD 
deficiency was present in most cases, known beforehand in 

some cases and diagnosed after the event in others, as in this 
case. In one report, ascorbic acid was administered because 
the enzymatic deficiency had already been established.

CONCLUSION
The inhalation of nitrites can lead to hemolytic anemia. 
Although a few cases have been reported in the literature, 
nitrites appear to act as triggers in both healthy individuals 
and patients with G6PD deficiency. The use of inhaled nitrites 
has become increasingly common among young people, 
particularly in recreational settings. Therefore, it is important 
to consider them potential causes of non-autoimmune 
hemolytic anemia.
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Cervical Proprioception and Dysphagia in Parkinson’s 
Disease: The Importance of Disease Stage

 Okan Sökmen1
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Dear Editor,

The relationship between cervical proprioception and dysphagia in Parkinson’s disease remains 
insufficiently understood. In this context, the study by Ünlüer et al.1 provides valuable clinical 
observations by highlighting the potential role of cervical proprioceptive input in swallowing, an 
area that remains relatively underexplored in Parkinson’s disease (PD).

The reported association between dysphagia and sialorrhea is consistent with previous studies 
showing that these symptoms frequently co-occur and may reflect shared oropharyngeal 
dysfunction in PD.2 In contrast, the absence of an association with cervical proprioception 
warrants careful interpretation in the context of disease stage and methodological 
considerations.

A key factor is that the study population predominantly consisted of patients with early-stage 
PD (median Hoehn and Yahr stage ≈1.5). Proprioceptive deficits and broader impairments 
in sensory integration are known to become more pronounced as the disease progresses.3 
Therefore, the lack of association observed in this cohort may be partly explained by relatively 
preserved proprioceptive function in early-stage disease rather than by the absence of a 
true relationship. This interpretation may be further supported by the reported cervical joint 
position error values. Previous studies have shown that these values are generally low in 
healthy individuals and tend to increase with age.4 In this context, the values reported in the 
present study appear relatively close to those described in healthy populations, although this 
comparison remains indirect and hypothesis-generating in the absence of a control group. 
These findings may suggest that clinically significant proprioceptive impairment was limited 
in this cohort.

Another important consideration concerns the assessment of dysphagia. Although the EAT-10 is 
a valid and reliable screening tool, it is based on subjective reporting.5 In early PD, swallowing 
impairment may remain subtle or subclinical and may not be fully captured by patient-reported 
measures. Objective assessments, such as videofluoroscopic or endoscopic evaluations, may 
provide more sensitive detection and could clarify whether cervical proprioception contributes to 
swallowing dysfunction in selected patient groups.

Furthermore, dysphagia in PD should be viewed as a multifactorial condition involving motor 
dysfunction, sensory alterations, cognitive factors, and treatment-related effects. Analyses based 
solely on correlations may not fully reflect this complexity. Multivariate approaches and subgroup 
analyses based on disease stage may provide more comprehensive insights.
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Finally, the potential contribution of cervical proprioception 
may be time-dependent. Longitudinal studies are needed to 
determine whether its role becomes more evident with disease 
progression. This issue may also have practical implications for 
rehabilitation strategies, particularly in the later stages of PD.

In conclusion, this study addresses an important clinical and 
pathophysiological question. The findings may suggest that 
central motor mechanisms contribute more prominently 
to dysphagia in early PD, whereas cervical proprioceptive 
impairment may remain relatively limited at this stage of the 
disease. Studies including larger cohorts, objective assessment 
methods, and comprehensive analytical approaches will 
provide a better understanding of this relationship.
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Guinea Worm Disease in Medieval Islamic Medicine: 
ʿIrq al-Madanī and Early Insights into a Public Health 
Challenge
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Objective: Guinea worm disease, a neglected tropical disease caused by the parasite 
Dracunculus medinensis, is referred to as “ʿIrq al-Madanī” in medieval Arabic medical 
literature. This study examines Guinea worm disease, or “ʿIrq al-Madanī,” through an analysis 
of medieval medical texts written in the Islamic world between the 9th and 12th centuries. 
Understanding its historical context provides valuable insights into the development of 
parasitology and public health in premodern medical traditions.
Materials and Methods: Relevant sections from the works of prominent medieval Islamic 
physicians, including Thābit b. Qurra, Abū Bakr Muḥammad b. Zakariyyāʾ al-Rāzī, ʿAlī 
b. al-ʿAbbās al-Majūsī, Abū l-Qāsim Khalaf b. ʿAbbās al-Zahrāwī, Abū ʿAlī Ibn Sīnā, and 
Abū Marwān ʿAbd al-Malik b. Zuhr, were examined to analyze how “ʿIrq al-Madanī” was 
described, diagnosed, and treated. The findings were compared with one another and with 
contemporary medical knowledge and literature on Guinea worm disease.
Results: The analysis highlights overlapping, complementary, and divergent perspectives 
on the disease’s etiology, pathogenesis, diagnosis, and treatment, all situated within the 
framework of humoral pathology. In addition to the use of medicinal substances, surgical 
intervention was also documented as part of therapeutic practice.
Conclusion: Insights from the examined medieval Islamic texts largely align with earlier 
knowledge about the disease. Although some observations and findings correspond with 
contemporary approaches, key differences emerge, particularly in the conceptualization 
and interpretation of the disease.
Keywords: Guinea worm disease, history of medicine, Islamic medicine, medieval, neglected 
tropical diseases, waterborne diseases.

ABSTRACT

This study was orally presented 
at the 14th National Congress on 
the Turkish History of Medicine, 
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title “Bir Halk Sağlığı Sorunu 
Olarak ʿırḳu’l-medenī (Filaria 
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Eserler Işığında Gine Kurdu 
Hastalığına Bir Bakış”.
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INTRODUCTION
Dracunculiasis, also known as dracontiasis or Guinea worm 
disease, is nearing global eradication. An estimated 3.5 million 
cases were reported worldwide in the 1980s, primarily in 
African countries. However, as a result of eradication campaigns 
conducted by the World Health Organization (WHO), the 
United States Centers for Disease Control and Prevention 
(CDC), the United Nations Children’s Fund (UNICEF), and the 
Carter Center, disease transmission has been significantly 
reduced, with reported human cases decreasing to only 13 in 
2024.1,2 The Carter Center reported 10 human cases in 2025.3 
It is classified among the neglected tropical diseases, a group 
of parasitic, viral, and bacterial illnesses that includes leprosy, 
rabies, trachoma, Chagas disease, leishmaniasis, African 
sleeping sickness (trypanosomiasis), and lymphatic filariasis. 
These diseases impair physical and cognitive development 
in low-income regions, increase maternal and child mortality, 

reduce productivity, and affect more than one billion people 
in health, social, and economic terms.4–6 The disease affects 
impoverished communities in remote areas of Africa that lack 
access to safe drinking water supply.6 According to the WHO, 
the disease remains endemic in Angola, Chad, Ethiopia, Mali, 
and South Sudan.2

The causative agent of this disease is the nematode 
Dracunculus medinensis, commonly known as the Guinea 
worm or Medina worm.6–8 Infection occurs in humans—
the primary or definitive host—through the ingestion of 
unfiltered water containing Cyclops (water fleas).6,8,9 Cyclops 
is a genus of crustaceans from the subclass Copepoda 
and serves as the secondary or intermediate host.9,10 
Approximately one year after infection, in most cases, a 
blister with a burning sensation typically appears on the leg, 
and the adult worm emerges. When the patient immerses 

Figure 1. Section on “ʿIrq al-Madanī” in Thābit b. Qurra’s Kitāb al-Dhakhīra fī ʿIlm al-Ṭibb, located in the Directorate of National 
Palaces, Topkapı Palace Museum, Library of Ahmed III, no. 209815 (Courtesy of the Directorate of National Palaces, İstanbul, Türkiye).



332

Acıduman Subaşıay et al. Guinea Worm in Medieval Islamic Medicine J Clin Pract Res 2026;48(3):330–338

the affected area in water to relieve the pain, the worm 
releases its larvae into the water, where they are ingested by 
Cyclops, thus completing the parasite’s life cycle.2

Now nearing eradication, the disease has historically affected 
communities in several parts of the world. As Simonetti et 
al.11 stated in the title of their article, this disease is caused 
by “a parasite unfamiliar to the West.” Galen (126–216 AD), 
Soranus (1st–2nd century AD), Rufus of Ephesus (1st–2nd 
century AD), Paul of Aegina (c. 625–690 AD), Abū Bakr 
Muḥammad b. Zakariyyāʾ al-Rāzī (865–925 AD), Abū l-Qāsim 
Khalaf b. ʿAbbās al-Zahrāwī (c. 936–1013 AD), Abū ʿAlī Ibn 
Sīnā (980–1037 AD), and other authors are known to have 

written about this disease, and their works were translated 
and used in the West.11–13 To contribute to the existing 
knowledge of this disease and address a gap in the history 
of medicine literature, this study was designed to examine in 
detail selected medical texts produced in the Islamic world 
during the Middle Ages, analyzing how the disease was 
described and managed.

MATERIALS AND METHODS
In this study, sections on “ʿIrq al-Madanī” were examined 
and compared across the works of prominent physicians 
from the medieval Islamic world, more specifically between 
the 9th and 12th centuries. These physicians and their works 
are considered prominent because they lived and wrote 
during the so-called Golden Age of the Islamic world, a 
period corresponding to the Middle Ages in the West, and 
had a significant influence on Western medicine. These works 
include Thābit b. Qurra’s (836–901 AD) Kitāb al-Dhakhīra fī 
ʿIlm al-Ṭibb (The Book of Treasure in the Science of Medicine) 
(Fig. 1);14,15 Abū Bakr Muḥammad b. Zakariyyā al-Rāzī’s Kitāb 
al-Manṣūrī fī l-Ṭibb (Book of Medicine for al-Manṣūr) (Fig. 
2)16,17 and Kitāb al-Ḥāwī fī l-Ṭibb (The Comprehensive Book on 
Medicine);18 ʿ Alī b. al-ʿAbbās al-Majūsī’s (930–994 AD) Kāmil al-
Ṣināʿat al-Tibbiyya (The Complete Book of the Medical Art) (Fig. 
3);19–21 Abū l-Qāsim Khalaf b. ʿAbbās al-Zahrāwī’s al-Taṣrīf li-
man ʿ ajiza ʿ an al-taʾlīf (The Arrangement of Medical Knowledge 
for One Who Is Not Able to Compile a Book for Himself);22 Abū 
ʿAlī Ibn Sīnā’s al-Qānūn fī l-Ṭibb (The Canon of Medicine);23 and 
Abū Marwān ʿAbd al-Malik b. Zuhr’s (1094–1162 AD) Kitāb 
al-Taysīr fī l-Mudāwāt wa l-Tadbīr (Easy Guide to Therapy and 
Dietetics).24 Because these works were originally written in 
Arabic, they were translated by the authors when English or 
Turkish translations were not available. The examined works 
are provided in the References section.

Among the works examined, Kitāb al-Ḥāwī fī l-Ṭibb includes 
quotations from al-Rāzī’s predecessors alongside his own 
commentary. These quotations were drawn from [ʿAbdallāh 
b. Yaḥyā al-Barmakī]’s al-Ikhtiṣārāt (Abridgements); Qusṭā [b. 
Lūqā]’s Kitāb fī l-Balgham (Book on Phlegm); Būlus’ (Paul of 
Aegina) [al-Kunnāsh (Compendium)]; [Jālīnūs’ (Galen)] Kitāb al-
ʿAlāmāt (Book of Signs); al-Yahūdī’s [Kunnāsh (Compendium)]; 
Kitāb Majhūl (Anonymous Book); Ibn Māsawayḥ; Ḥunayn’s 
Ikhtiyārāt (Selections); al-Kindī’s Ikhtiyārāt (Selections); and 
Jālīnūs’ (Galen) al-Aʿḍāʾ al-Ālima (On the Affected Parts). 
Because of the journal’s reference limitations, it was not 
possible to cite all these works separately; therefore, they were 
cited as al-Ḥāwī.

The findings are presented as paragraphs in the Results section 
and grouped under the following categories: regions where 
the disease was observed, signs and symptoms, views on the 

Figure 2. Section on “ʿIrq al-Madanī” in al-Rāzī’s Kitāb 
al-Manṣūrī fī l-Ṭibb, located in the Presidency of Türkiye 
Manuscripts Institution, Nation’s Library, Feyzullah Efendi 
Collection, no. 132717 (Courtesy of the Türkiye Manuscripts 
Institution, İstanbul, Türkiye).
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causative agent and predisposing factors, and methods of 
treatment and prevention. The literature review and existing 
knowledge are presented in the Discussion section.

RESULTS
In the works examined, the disease is referred to by various 
names, such as ʿIrq al-Madanī, ʿIrq al-Madīnī, ʿIrq Madīnī, and 
ʿUrūq al-Madaniyya. According to these texts, the disease is 
most commonly observed in hot,14,16–19,22,25 dusty,14 parched, and 
poorly fertile lands.16,22,25 It has most frequently been reported 
in Medina,23,26 Indian countries,18,19 Egypt,18,19,23,26 Abyssinian 
countries,19 the Hejaz,22,25 lands of Arabs,25 Khuzestan,23,26 the 
Sudan,24 and Mecca.18

This disease is attributed to several causes, including thick 
humor,24 foods that produce bad chyme,20 consumption 
of fruits and vegetables in regions where the disease is 
common,16,22 corruption of the nerves, dryness of the blood, 
drinking bad water or the presence of hot boiling phlegm, 
sticky and thick blood, excessive heat,18 hot, bad, and 
melancholic blood or burnt phlegm, and certain foods and 
waters that cause the disease.23,26 Exhaustion is considered 
a cause of the disease in individuals unaccustomed to 
fatigue.14,20 Some sources report that the disease was 
suspected to involve actual animals generated beneath the 
skin or a thickened, damaged nerve branch.23,26 The origin 
of the disease has also been described as “corruption taking 
place beneath the skin in the same way that round-worms 
and worms and gourd-worms arise in the inward parts of the 
body; also the worms that are generated between the skin 
and the flesh.”25

Al-Rāzī reported observing the disease in individuals with 
muscular and thin bodies, but not in those who were 
accustomed to bathing and soaking in water, drinking wine, 
and consuming a varied diet.18 Ibn Sīnā also noted that the 
disease was less common in individuals with moist body 
constitutions, those who bathed frequently, consumed 
fresh foods, and drank appropriate amounts of fluids.23,26

The disease is mostly reported in the calves,14,16,18,25 initially 
presenting with a burning sensation,14,22 followed by blister 
formation and the emergence of a structure piercing through 
the skin.14,16,18,22,23,25,26 This emerging structure has been 
described as a vein,14,16,18,22,25 resembling a nerve,24 a plant 
stem, or a vein like an animal.25 It has also been described as 
moving,18 like a worm,19,23,26 and as resembling the flowing 
movement of a serpent beneath the skin.18 The disease has 
been reported in the wrists, arms, and thighs.18,20 In addition, 
it may occur in other body parts,25 such as the hands23,26 and 
flanks, particularly in children.18,23,26 Al-Zahrāwī also stated that 
when the vein emerges in the feet or ankles, it branches out 
and exits through multiple openings.25

The treatment of the disease appears to be classified into 
stages before and after the emergence of the vein. During the 
early stages of the disease, it is stated that the affected area 
should be anointed with stock/gillyflower, lily, or castor oil to 
facilitate the emergence and visibility of the vein. Before the 
vein emerges, cooling substances should be applied to the 
swelling, a leech should be placed on the area, and barley 
flour, purslane, aloe, rose oil, and similar substances should 
be applied.18 Once emergence begins following the burning 

Figure 3. Section describing the removal of “ʿIrq al-Madanī” in ʿAlī b. al-ʿAbbās al-Majūsī’s Kāmil al-Ṣināʿat al-Ṭibbiyya, located 
in the Presidency of Türkiye Manuscripts Institution, Süleymaniye Manuscript Library, Murad Molla Collection, no. 148221 
(Courtesy of the Türkiye Manuscripts Institution, İstanbul, Türkiye).
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sensation, drinking aloe and rubbing it on the skin are said 
to eliminate the disease.16,18,22,23,26 It is also recommended 
that the area be dressed and cooled using the two types of 
sandalwood, camphor, and similar rubs.18 Dressings should 
have cooling and moisturizing properties.23,26

It has been reported that the piercing vein should be pulled 
out without breaking it.14,16,18,22–25 A piece or stick of lead 
should be tied or wrapped around it to ensure that it emerges 
slowly.14,16,18,20,22–25 Some sources also report that if it becomes 
too long after being wrapped around the lead, the excess 
should be cut off and the remaining part tied again.16,25 It 
has been stated that a dressing should be applied until the 
vein has fully emerged.20 Substances such as cooled sap, cold 
seed water, and oils should also be applied to facilitate its 
emergence.23,26 Once it has fully emerged, it should be treated 
with a cold ointment, such as ceruse ointment.18 It was also 
reported that cutting it off may lead to putrefaction and 
sores, necessitating a long incision.18,20,25 The wound should 
then be treated with butter and substances that promote 
flesh growth,16,20 or the area should be allowed to suppurate 
and treated as an abscess.25 Hot18 or sharp medicines should 
be avoided.23,26

It is explained that if it is difficult to bring the disease to the 
surface, the area can be softened using various oils, and an 
ointment made from pitch may be applied. If needed, an 
incision can be made to remove it completely; if this is not 
easily achieved, alternative methods include allowing it to 
putrefy with butter, applying hot medicines, rubbing the area 
with salt, or anointing it with softening oils. If complete surgical 
removal is necessary, the incision should be made obliquely 
beneath the affected area without cutting the vein.23,26

Moisturization through warm baths and diet is considered 
beneficial for this illness.14,16,20,22 Anointing the limb,20 applying 
compression,18 and pouring hot water over the affected 
area are also recommended.18,20,23,26 If inflammation or fever 
affects the entire body, bloodletting14,18,20,23,26 and softening 
remedies, such as fruit juices, barley water, and other cooling 
and moisturizing treatments, are recommended.14,20 If the 
inflammation is localized to the site where the vein is piercing, 
the bowels should be loosened,14 and an infusion of aloe with 
chicory juice should be administered.14,20

To prevent the occurrence of the disease, the humors should 
be matured and softened using ʿunṣūlī oxymel [oxymel 
prepared with squill27,28] mixed with hot water, after which the 
thick humor should be discharged.24 Consuming myrobalan 
and dates,18 as well as myrobalan, senna, common fumitory, 
and qūqiyā [a paste composed of myrrh, bināsb, hyacinth, 
saffron, cinnamon, cassia, geranium flowers, Acorus calamus, 

bdellium, raisins, and honey29] tablets, is also recommended 
for preventing this disease.23,26 The use of qūqiyā tablets is also 
mentioned in al-Ḥāwī.18

DISCUSSION
The Ebers Papyrus, a medical text written in ancient Egypt 
around 1550 BC, describes a condition believed to involve 
Guinea worms in the arms and legs. The Egyptians interpreted 
this as a foreign body reaction rather than a natural human 
structure and reported the removal of this “foreign material” as 
treatment for the condition.8 A disease called šagbānu, which 
emerged from a clear vesicle on the foot, was also known 
in the Assyrian civilization (2025–612 BC), which existed 
in the northern region of Mesopotamia. Because ancient 
Mesopotamians could easily recognize insect larvae and 
used nonparasitic larvae to cleanse tissue, and given that this 
disease was assigned a specific name, Adamson suggests that 
“it was a disease diagnosable by Assyrian physicians.”8

Galen referred to this disease as drakontia30,31 and stated that 
he had not personally seen it,18,31 nor did he know its cause 
or origin. However, he knew individuals who had seen the 
disease8,12,31 and believed that it appeared similar to a nerve, 
although it resembled a worm in color and thickness.12,31 Paul of 
Aegina described the worms known as dracunculi in India and 
Upper Egypt. He noted that they appeared in muscular parts of 
the body, such as the arms, thighs, and calves, and in children, 
beneath the skin along the sides, and that they moved. He 
stated that once the worm emerged, a lead weight should 
be tied to it to facilitate removal by its own weight. He also 
noted that applying hot water would help the worm emerge 
further, allowing it to be gently pulled out with the fingers. 
However, according to Soranus, it was not an animal but a 
nervous concretion, although it appeared to be mobile. He also 
reported that it could be induced to fall out using warm water, 
digestive cataplasms, and plasters. In cases of suppuration, the 
skin should be incised, the contents evacuated, a tent inserted, 
and appropriate treatment for suppuration applied.13

In this study, which examined various works by leading 
physicians of the medieval Islamic world, some of the 
causes attributed to the disease known as “ʿIrq al-Madanī” 
were found to be consistent with humoral pathology. These 
include thick humor, bad chyme, dryness of the blood, hot 
boiling phlegm, sticky and thick blood, excessive heat, hot, 
bad, and melancholic blood, and burnt phlegm. According 
to humoral pathology, the body, as the microcosm, is 
composed of four humors—blood, phlegm, yellow bile, and 
black bile. These humors move as a reflection of the heavens, 
or the macrocosm, and correspond to the elements—air, 
water, fire, and earth—each of which has its own properties: 
blood is hot and moist, phlegm is cold and moist, yellow bile 
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is hot and dry, and black bile is cold and dry. Under certain 
conditions, these humors can transform into one another, 
such as phlegm into blood, blood into yellow bile, and blood 
into phlegm, whereas black bile does not transform into any 
other humor. When the balance of these humors is disrupted 
in favor of one, disease occurs, and treatments are applied 
to reduce the excess humor.32,33 Additionally, because of its 
structural resemblance to veins and nerves, the disorder was 
believed to be associated with these anatomical structures. 
Although it was likened to a worm because of its mobility, no 
direct association with the causative agent was established. 
Al-Rāzī’s view, cited from Kitāb al-Ikhtiṣārāt,18 authored by 
ʿAbdallāh b. Yaḥyā (9th century AD),30,34 that the disease could 
be caused by bad water aligns with the current understanding 
of its mode of infestation. This idea is not included in the 
other sources examined in this study. Conversely, in the 
works quoted in al-Ḥāwī, including ʿAbdallāh b. Yaḥyā’s Kitāb 
al-Ikhtiṣārāt, the emergence of the disease is attributed to 
disturbed or imbalanced humors in the body.

The association between the parasite and water sources has 
been recognized since ancient times, although debates have 
persisted over whether it enters the body through ingestion 
of water or by penetrating the skin. Rufus of Ephesus 
described a disease named ofis (ὄφις), meaning tendon 
(νεῦρον) in Greek, and remarked that it affected those who 
“drank the water suffered from this disease.”11 In the 18th 
century, the Swedish botanist Carl Linnaeus (1707–1778), in 
his work Systema Naturae, classified the worm named Filaria 
medinensis among intestinal worms and noted that it enters 
the feet of those who walk barefoot.35 In 1869, the Russian 
helminthologist Aleksej Fedchenko (1844–1873) dissected 
Cyclops from water and discovered larvae, which he identified 

as intermediate stages of the Guinea worm.36,37 He proposed 
that humans become infected by drinking water containing 
these organisms.37 The British helminthologist Robert 
Thomson Leiper (1881–1969) elucidated the life cycle of the 
parasite during his explorations in West Africa.36,37 In addition 
to describing the parasite’s life cycle, Leiper proposed several 
methods to prevent its transmission.37

As stated in the literature, the nematode generally exits 
the skin through the lower extremities. A vesicle forms, the 
skin is pierced, and the parasite exits the body. Emergence 
from the abdomen and flanks is also observed in children. 
The nematode’s need for contact with water to release its 
larvae2 is consistent with the information in the examined 
texts, which states that pouring water on the affected area 
facilitates its emergence. A notable treatment method 
involves tying a lead object to the emerging vein to allow 
it to exit slowly and completely without breaking. Similarly, 
today, the nematode is gradually extracted each day and 
tied to a stick (Fig. 4)38 to prevent it from re-entering the 
body. Surgical removal of the nematode is also possible,39 
which is consistent with the information in the sources 
examined. The ointments, plasters, and oral medications 
applied were intended to regulate humoral balance; in 
accordance with the perceived causes of the disease and the 
principles of humoral pathology, they were used as cooling 
and moisturizing agents. Similarly, in cases of generalized 
inflammation, bloodletting, softening remedies, and cooling 
and moisturizing treatments were recommended, whereas 
loosening the bowels was advised for localized inflammation. 
According to humoral pathology, such practices aimed to 
restore humoral balance, either through diet or through 
the evacuation of excess humor using methods such as 
phlebotomy, cupping, and purging.32

The protective methods described in the works examined 
in this study, such as the maturation and softening of the 
humors and dietary recommendations, were also intended to 
maintain humoral balance in accordance with the principles 
of humoral pathology. Today, preventive measures against 
the disease include restricting infected or infested individuals 
from accessing drinking water sources, installing filters at 
water tank inlets, using filtered straws for drinking, and 
implementing vector control.11,39

The regions where the disease was historically reported are 
consistent with those where it has been observed in the recent 
past, before elimination efforts succeeded (Fig. 5).40 Definitive 
hosts other than humans, such as dogs, cats, and baboons,2 
were not mentioned in the examined texts, which appears to 
be consistent with the relatively recent recognition that this 
disease also involves nonhuman animal hosts.

Figure 4. Extraction of a Guinea worm from a patient’s leg 
using a stick. Source: CDC, PHIL, public domain.38
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CONCLUSION
In the works examined, the causes of ʿIrq al-Madanī and 
its nonsurgical treatments were addressed within the 
medical paradigm of the period, namely humoral pathology. 
Nevertheless, observation-based descriptions of the disease, 
along with its primary treatment—the physical removal of the 
parasite—were commonly found in the examined documents 
and align with current medical knowledge. Because of the 
nature of the organism, parasite removal, which remains the 
standard treatment today, was also the primary and effective 
treatment approach used in the past. Al-Rāzī’s suggestion—
cited from Kitāb al-Ikhtiṣārāt—that the disease could be 
associated with water is a notable insight absent from the 
other sources examined. With a paradigm shift and the 
discovery of the disease’s true etiology and the parasite’s life 

cycle, the disease could cease to be a public health challenge 
through the implementation of appropriate measures.
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