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Abstract

The Developmental Origins of Health and Disease (DOHaD) framework highlights that unfavorable conditions during fetal
development can trigger persistent biological changes, increasing the risk of metabolic disorders in adulthood. While clinical
manifestations often appear only later in life, fetal programming produces subtle but permanent structural, functional, and
epigenetic modifications in key metabolic organs—including the pancreas, liver, and skeletal muscle. These carly alterations
weaken physiological resilience and predispose tissues to dysfunction when exposed to postnatal challenges such as poor diet,
sedentary behavior, chronic stress, or environmental toxins. Initially, compensatory mechanisms may mask these vulnerabilities,
but with aging and cumulative metabolic stress, these reserves decline, culminating in overt conditions such as hypertension,
obesity, type 2 diabetes, and vascular disease. Cellular and molecular mechanisms—including epigenetic remodeling, disrupted
signaling pathways, mitochondrial impairment, and chronic low-grade inflammation—serve as mediators linking early-life insults
to long-term metabolic dysregulation. Because individuals with normal birth weight also develop these disorders with advancing
age, it is plausible that such disease clusters have an age-related component. Downstream consequences of metabolic dysfunction—
such as oxidative stress, impaired vascular tone, endothelial dysfunction, dysregulated glucose and lipid metabolism, arterial
narrowing, and activation of platelet and coagulation pathways—further drive the progression of metabolic risk. By dissecting
these mechanisms, it becomes possible to identify early biomarkers and design targeted interventions that halt disease progression
before irreversible damage sets in. Thus, integrating developmental biology with molecular medicine offers a powerful opportunity
to prevent and treat metabolic disorders rooted in early life. However, contemporary medical practice remains largely disease-
focused, emphasizing management of established risk factors. A more forward-looking approach must prioritize early detection,
preventive strategies, and lifestyle modification, guided by a deep understanding of the cellular and molecular foundations of
metabolic vulnerability.(International Journal of Biomedicine. 2026;16(2):130-144.)
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particularly related to nutrition and the intrauterine environment,
could "program" the fetus for increased susceptibility to a range
of chronic diseases later in life!l® These diseases, termed
metabolic diseases, include hypertension, obesity, type 2

Introduction

British  Epidemiologist David Barker's hypothesis
focused on the "Fetal Origins of Adult Disease" (FOAD),

often referred to as the Barker hypothesis, which proposed that
adverse influences during critical periods of fetal development,

*Correspondence: Emeritus Professor, Gundu H. R. Rao, PhD.
Laboratory Medicine and Pathology, Director, Thrombosis Research,
Lillehei Heart Institute, University of Minnesota, Minneapolis,
Minnesota, USA. E-mail: gundurao9@gmail.com

diabetes (T2D), vascular diseases, neurodegenerative diseases,
and, to some extent, even cancer22 Low birth weight, a
marker of poor fetal growth, has been linked to a higher risk of
coronary artery disease, hypertension, and stroke in adulthood.
Studies have shown associations between fetal undernutrition
and increased risk of obesity, insulin resistance, and T2D.%2
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Research also suggests a link between fetal programming and
the development of certain neurological conditions, including
Parkinson's and Alzheimer's disease.” The FOAD hypothesis
has also been explored in relation to cancer development and
progression. Barker's hypothesis highlights the crucial role
of early developmental influences, especially during the fetal
period, in shaping long-term health outcomes and disease
susceptibility.?

Metabolic  disturbances during fetal development
can trigger adult-onset metabolic diseases through several
interconnected mechanisms, primarily linked to fetal
programming and epigenetic modifications.2** The fetal
pancreas produces hormones like insulin and glucagon during
key developmental periods. Maternal malnutrition or metabolic
disorders can disrupt pancreatic development by altering
transcription factors and signaling pathways, thereby reducing
B-cell mass and function.2 This deficiency can reduce insulin
production and impair glucose sensing, thereby increasing the
offspring's risk of T2D. The fetal liver is also a major target
of programming, with its size and later function being shaped
by the intrauterine environment.?#® Suboptimal nutrition
during gestation can alter the expression of genes involved
in hepatic energy production, leading to increased hepatic
gluconeogenesis and insulin resistance in adulthood. This can
contribute to hyperglycemia and the development of T2D. The
fetal liver is also a major target of programming, with its size
and later function being shaped by the intrauterine environment.
Suboptimal nutrition during gestation can alter the expression
of genes involved in hepatic energy production, leading to
increased hepatic gluconeogenesis and insulin resistance
in adulthood. This can contribute to hyperglycemia and the
development of T2D. Maternal obesity or a high-fat diet during
pregnancy can induce epigenetic changes in fetal adipose
tissue, leading to increased adipogenesis and a predisposition to
obesity in adulthood.?3®

Epigenetic changes are alterations in gene expression that
do not involve changes in the DNA sequence itself but can be
transmitted to subsequent cell divisions and even generations.
DNA Methylation: This involves adding methyl groups to CpG
islands in DNA, often silencing gene expression. For example,
studies have shown altered DNA methylation patterns in the
insulin-like growth factor 2 (IGF2) gene in individuals exposed
to prenatal famine, which is linked to increased risk of metabolic
diseases.?? Histone Modifications: These include modifications
like acetylation and methylation of histone proteins, which
can affect chromatin structure and gene accessibility. These
modifications can alter the expression of genes involved in
key metabolic pathways.?* MicroRNAs (miRNAs): These small
non-coding RNAs regulate gene expression by binding to
target mRNAs, thereby affecting protein synthesis. Adverse
intrauterine environments can alter miRNA expression profiles,
thereby influencing metabolic pathways such as insulin
signaling, lipid metabolism, and food intake.**

Fetal exposure to abnormal levels of hormones, such
as insulin, glucocorticoids, and insulin-like growth factors,
can permanently affect organ development and function,
predisposing individuals to metabolic diseases.® Maternal
high-fat diets can affect hypothalamic gene expression in the

offspring, leading to leptin resistance and altered regulation
of appetite and energy balance.’® In essence, metabolic
disturbances during critical windows of fetal development
can trigger long-lasting structural and functional changes in
key metabolic organs, such as the pancreas and liver, often
mediated by epigenetic modifications.’” These changes can
impair glucose homeostasis, insulin sensitivity, and lipid
metabolism, increasing the risk of developing metabolic
diseases such as T2D, obesity, and metabolic syndrome in
adulthood. If fetal metabolic disturbances are the root cause of
adult-onset metabolic diseases, why is there a delay of several
years to develop these chronic diseases? What epigenetic
factors trigger or initiate the risks for the development of
metabolic diseases? Answers to such questions are the key to
our understanding of the “developmental origins of health and
disease” (DOHaD) hypothesis.?#*

The delay between fetal programming and the onset of
adult metabolic diseases is due to several interacting factors that
cumulatively affect outcomes over time. Fetal programming
causes permanent, often subtle, changes in the structure and
function of key metabolic organs (like the pancreas, liver,
and muscle) and systems.**#! These changes might not be
severe enough to cause problems immediately, but they leave
these organs with reduced capacity or altered responses to
later environmental challenges. Epigenetic marks (like DNA
methylation and histone modifications) can be permanently
altered by the fetal environment, affecting gene expression
throughout life.#2% These changes can prime genes involved
in metabolic regulation to respond differently to stimuli, but
the full impact may only become evident when combined with
other factors over time. The postnatal environment plays a
crucial role in triggering the manifestation of fetal programming
effects. Factors like diet: An unhealthy diet, especially one
high in fat and sugar, can place extra stress on organs already
compromised by fetal programming.®®37 Lifestyle: A sedentary
lifestyle further exacerbates the risks of developing metabolic
disorders.* Stress: Chronic stress can disrupt hormonal balance
and metabolic function, particularly in individuals with pre-
existing vulnerabilities. ¥ Environmental factors: Exposure to
certain chemicals or toxins can interact with fetal programming,
further increasing disease risk.*%4%

Gradual Accumulation of Damage: Metabolic diseases
often involve the gradual accumulation of damage to organs and
tissues over time.*#4 For example, insulin resistance develops
progressively, leading to declining p-cell function and eventual
diabetes.®® Fetal programming creates a predisposition, but
the full disease state requires the added impact of aging and
other risk factors. Compensatory Mechanisms: In early life,
the body’s compensatory mechanisms may be able to mask
the effects of fetal programming. For instance, the pancreas
may initially compensate for reduced p-cell mass by increasing
insulin secretion.” However, these mechanisms may eventually
be overwhelmed by the combined effects of aging, poor
lifestyle choices, and other factors, leading to the development
of metabolic diseases. In essence, delay is not a sign that the
fetal insult is not the root cause, but rather that it sets the stage
for future problems that unfold over time in combination with
later-life exposures and the natural aging process.®>*
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Fetal Origin of Adult Diseases

From 1934 onwards, the birth weight, length, and head
circumference of all babies born in CSI Holdsworth Memorial
Hospital (HMH), Mysore, India, were recorded in obstetric
notes. 21013161 The studies with the ‘Mysore Cohort” were
among the first in a low-and middle-income country to test
DOHaD concepts, with a predicted association between
small size at birth and adult coronary heart disease, insulin
resistance, and low lung function.!® The Mysore Parthenon
study findings suggest that exposure to maternal nutritional
deficiencies, as well as overnutrition, may contribute to an
increasing burden of cardiovascular disease in India, and
that these two conditions may co-exist in the same mother,
leading to dual insults to the offspring.!* During 1993-2001,
in a collaborative study with Barker’s group at the Medical
Research Council (MRC) Life course Epidemiology Unit,
University of Southampton, UK, the records were used to
trace people born in HMH, Mysore, India, between 1934 and
1966.1° The FOAD, a concept first popularized by Dr. David
Barker, has since led to many studies that have provided
evidence that certain diseases have links to fetal origins. The
concept of the fetal origin of adult disease has been extended
well beyond cardiovascular disease (CVD) and now includes
investigations into the development of the central nervous
system and the early origins of adult mental health and
cognitive function.** Given that epigenetic alterations during
fetal development may cause several adult metabolic diseases,
as well as diseases of the nervous system, we would like to
see future research focus on possible intervention strategies to
halt, reverse, or prevent these epigenetic modulations of fetal
metabolism.
New Hypothesis on Fetal Origin of Adult Diseases

Obesity is a well-recognized risk factor for T2D. A
landmark discovery from Children’s National Hospital,
Washington, DC, has been described as a potential “game
changer” in detecting obesity-related complications.
According to a hospital news release, physician-scientist
Dr. Robert Freishtat and his colleagues have shown that
“early intervention and prevention of obesity-related illness
may soon be possible.” It is well established that visceral
adipose tissue (belly fat) is strongly associated with serious
complications of obesity, including cardiovascular disease
and insulin resistance leading to diabetes. What had remained
unclear until recently, however, were the precise mechanisms
by which excess visceral fat triggers these conditions. Dr.
Freishtat’s team demonstrated that as visceral fat accumulates,
adipocytes undergo changes and begin releasing a distinct
set of exosomes compared to those released by lean fat cells.
These altered exosomal signals disrupt critical biological
pathways, impairing the body’s ability to regulate glucose and
cholesterol. Dr. Freishtat has likened exosomes to “biological
tweets”—brief molecular messages that enable cell-to-
cell communication and influence gene expression. In their
exploratory studies, the team collected adipose tissue from
lean and obese female patients and used modified bead-based
flow cytometry to isolate and compare exosomal miRNAs.
They concluded that the successful identification of these
exosomes paves the way for the development of diagnostic

tests that could enable early intervention or even the prevention
of obesity-related diseases.*2

Similarly, microvesicles (MVs) released by multiple cell
types carry mRNA and miRNA, remaining in the extracellular
space to mediate intercellular signaling—functionally
echoing Dr. Freishtat’s “biological tweets.” Importantly, these
vesicles play a role in epigenetic reprogramming of host cell
metabolism. Building on these findings, we contacted Dr.
Freishtat to explore a potential US—India collaborative project
on the role of maternal exosomal miRNAs in reprogramming
fetal genetic material and gene expression. The Diabetes
Research Group at King Edward Memorial (KEM)
Hospital, Pune, had already established a large biobank of
maternal and fetal tissues. With the leadership of Professor
C.S. Yajnik, we initiated preliminary studies. Genotypic
Technology, Bengaluru, partnered to provide rapid miRNA
assays. Encouraging early results enabled the team to secure
funding from the U.S. National Institutes of Health (NIH)
for further research.®? Based on these observations, a “new
hypothesis” has emerged regarding the FOAD: maternal and
cord blood adipocyte-derived exosomal miRNAs that regulate
adipogenesis are associated with higher infant adiposity.® As
body fat increases during obesity, fat cells change and release
different exosomes than lean adipocytes. These altered signals
interfere with key metabolic processes, ultimately reducing the
body’s capacity to manage sugar and cholesterol effectively.
Cardiometabolic Diseases

Cardiometabolic  diseases, including hypertension,
excess weight, obesity, T2D, and vascular disorders, have risen
markedly in incidence and prevalence worldwide. #-A cascade
of pathological events contributes to the progression of these
conditions and the onset of acute arterial complications. Key
factors include oxidative stress, vascular inflammation, obesity,
diabetes, endothelial dysfunction, arterial stiffness, subclinical
atherosclerosis, growth and rupture of atherosclerotic plaques,
arterial stenosis, and activation of platelet and coagulation
pathways. Hypertension, obesity, and T2D are central drivers
of this process. An imbalance between free radicals and
antioxidants promotes widespread cellular and tissue damage,
particularly in blood vessels. Persistent vascular inflammation
is a critical mechanism that initiates structural changes in the
arteries. Over time, vessel walls lose elasticity and become
rigid—an independent predictor of cardiovascular risk. Fatty
streaks and early lesions evolve into advanced lipid-rich
plaques within the arterial wall. When these plaques rupture,
thrombogenic material is exposed, triggering platelet activation
and blood clot (thrombus) formation. Depending on the site of
obstruction, this process can result in acute clinical events such
as myocardial infarction (coronary arteries), ischemic stroke
(cerebral arteries), or peripheral artery disease (limb arteries).
Altered Endothelial Metabolism: Vascular Dysfunction

Altered endothelial metabolism leading to vascular
dysfunction is widely recognized as one of the earliest
indicators for the progression of vascular disease. This damage
to the endothelium—the thin layer of cells lining blood
vessels—can precede and predict the onset of atherosclerosis
and subsequent cardiovascular events.”” Endothelial cells
(ECs) adapt their metabolic pathways in response to stressors
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like hyperglycemia, hyperlipidemia, and hypertension. This
metabolic reprogramming disrupts vascular homeostasis,
leading to inflammation, impaired vasodilation, and oxidative
stress that characterize endothelial dysfunction. Endothelial
cells typically favor glycolysis over mitochondrial oxidative
phosphorylation, even in the presence of sufficient oxygen.
However, under stressful conditions such as hypoxia or
inflammation, this preference is heightened. This shift can
promote the production of inflammatory and pro-atherogenic
molecules. Excess reactive oxygen species (ROS) from
metabolic shifts—such as from uncoupled endothelial nitric
oxide synthase (eNOS) and NADPH oxidase activation—
damage ECs and oxidize lipoproteins. ROS also react with
nitric oxide (NO) to produce peroxynitrite, reducing NO
bioavailability and inhibiting its anti-inflammatory and
vasodilatory effects. NO, a key molecule for regulating
vascular tone and inhibiting inflammation, is a metabolic
product of the amino acid L-arginine through the eNOS
enzyme. In metabolic disease, NO bioavailability is reduced
due to reduced L-arginine, or eNOS coupling.

In metabolic disease, NO availability is reduced by
reduced L-arginine availability and by inhibition of various
endogenous enzymes by lipid hydroperoxides and oxidized
lipoproteins (Figure 1). In hyperlipidemia, ECs exposed to
oxidized LDL (ox-LDL) express adhesion molecules that
cause platelets to adhere to the arterial wall. Macrophages
consume these lipids to become foam cells, the earliest
visible signs of atherosclerosis. Insulin resistance impairs the
insulin-mediated signaling pathway(P13K/AKT/eNOS) that
typically stimulates NO production. This causes an imbalance
between vasoactive molecules such as prostacyclin and
NO, and vasoconstrictive molecules such as endothelin-1,
prostaglandins (PG), PGG2, PGH2, and thromboxane A2.
In hyperglycemia, excess glucose reacts with proteins and
lipids to form AGEs. When AGEs bind with ECs, they
promote inflammation and oxidative stress. Hyperglycemia
also alters the balance in the production of vasoconstrictive
prostaglandins and vasodilatory metabolites.™

ot Ta] SeCUI

Contribution of dothelial Dystuncio oV
Hypertension, Arterial Occlusion, Restenosis and Thrombosis

Lipid hydroperoxides and oxidized lipoproteins
lower endogenous vasodilators

VASODILATORS

Prostacyclin Nitric Oxide

L-Arginine
(nitric oxide synthetase)

Arachidonic Acid
(prostacyclin synthetase)

Figure 1. Lipid Hydroperoxides and Oxidized lipoproteins
lower endogenous Vasodilators (Schematic representation,
prepared by the University of Minnesota Medical Artists).

Hypertension
Intrauterine growth restriction (IUGR) leads to a reduced
number of nephrons at birth, a condition that predisposes an

individual to salt-sensitive hypertension later in life through
compensatory hyperfiltration and epigenetic changes to the
renin—angiotensin—aldosterone system (RAAS). This process
is part of the «developmental origins of adult disease» theory,
which posits that adverse events during critical periods of fetal
development can have permanent effects on organ structure
and function.” Endothelial dysfunction is a hallmark of
programmed hypertension. Mitochondrial ROS production
impairs nitric oxide (NO) bioavailability.” Excessive ROS
production, often due to mitochondrial dysfunction, leads to
endothelial activation, inflammation, and vascular disease
by affecting NO release,”” while histone modifications in
endothelial nitric oxide synthase (eNOS) genes suppress
vasodilatory capacity.” These changes, along with an altered
balance between vasodilators and vasoconstrictors induced
by hyperglycemia, lead to increased vascular stiffness and
heightened sympathetic activity.™

Changes in signaling pathways in vascular endothelial cells
and vascular smooth muscle cells (VSMCs) are key molecular
mechanisms that trigger vascular dysfunction and promote the
development of hypertension (Figure 2).”

Figure 2. A: Healthy Endothelium. B: Dysfunctional
Endothelium. (Courtesy: Professor (Late) James G White,
University of Minnesota Medical School)

Molecular pathways influencing blood vessels can
be broadly categorized into two groups. The first indirectly
regulates vascular sympathetic activity through mechanisms
such as RAAS, immune signaling, and redox pathways.
The second directly affects vascular functions, including
calcium signaling, NO-(NOsGC)-cGMP pathways, and
vascular remodeling. The indirect pathways form a complex
network that primarily induces vasoconstriction via direct
mechanisms. For instance, sympathetic disorders often
promote vasoconstriction by activating calcium channels,
while RAAS not only activates calcium channels but also
drives vascular remodeling. While endothelial and smooth
muscle cell signaling pathways are the primary drivers of
vascular tone, platelets critically modulate this system. By
tipping the PGI/TXA: balance toward vasoconstriction,
platelet dysfunction directly contributes to hypertension and
its cardiovascular complications (Figure 3).

In terms of therapeutic application, molecular pathways
involved in vascular regulation, such as calcium signaling,
NO-(NOsGC)-cGMP, RAAS, and sympathetic activity, have
demonstrated clear efficacy in clinical practice. 88 Modern
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medicine increasingly views hypertension not as a standalone
disease but as a significant risk factor for vascular disorders.®
The primary goal of blood pressure management is to reduce
cardiovascular events, much as controlling blood lipids or
glucose levels. It is essential to recognize that the molecular
basis of hypertension lies in vascular dysfunction and/or
altered vascular volume. A deeper understanding of these
mechanisms is crucial for advancing research on the signaling
pathways underlying hypertension.

Endothelial
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R, cytokines
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Figure 3. Cros-talk between endothelial cells, vascular
smooth muscle cells, and platelets (Prepared by Open
AI-ChatGPT)

Obesity

Compared to Europeans and Americans, South Asians
and East Asians tend to develop central abdominal obesity
and T2D at a lower body mass index (BMI). Advances in
high-throughput genotyping technologies have enabled large-
scale genome-wide association studies (GWAS), uncovering
hundreds of genetic loci linked to BMI and waist-to-hip ratio
(WHR), primarily in European populations. A major limitation
of such studies is the overwhelming number of genes associated
with these risks. For instance, a large meta-analysis of BMI-
associated single-nucleotide polymorphisms (SNPs) identified
more than 750 SNPs linked to susceptibility genes, including
specific variants. Among them, the FTO (alpha-ketoglutarate-
dependent dioxygenase) gene emerged as a strong contributor
to polygenic obesity. Despite these findings, the molecular
mechanisms driving this complex disorder remain poorly
understood, and the variation in fat distribution across global
populations is still unexplained. Obesity is now recognized
as the leading public health challenge worldwide, yet the
strikingly different fat distribution patterns in nearly half
the global population remain a mystery. Central abdominal
obesity is considered a major risk factor for T2D. Globally,
the highest prevalence of T2D is observed in the United
States, followed by China and India. This indicates that fat
distribution alone is not the sole determinant; rather, factors
such as poor dietary habits, poor nutritional quality, sedentary
lifestyle, and broader socio-economic conditions contribute
significantly to the development of metabolic disease.®*

Brown fat and white fat are two distinct types of adipose
tissue with opposite roles in energy metabolism, and their
balance influences obesity and metabolic health (Figure 4, Table
1). (94). White adipose tissue (WAT) is the ‘storage fat’ that
stores excess energy in the form of triglycerides. It is usually
distributed subcutaneously and viscerally around internal
organs. Excess visceral fat accumulation is strongly linked to

insulin resistance, T2D, CVD, and chronic inflammation. These
tissues secrete adipokines (leptin, adiponectin, resistin, TNF-a.,
IL-6). In obesity, secretion patterns shift towards the generation
of pro-inflammatory signals, driving systemic metabolic
dysfunction.®87 Whereas brown adipose tissue (BAT) burns
energy to produce heat using uncoupling protein 1 (UCP1) in
mitochondria.® More abundant in newborns, in adults, in areas
like the neck, supraclavicular regions, and around large blood
vessels. In obesity, BAT activity is reduced, leading to reduced
energy expenditure and favoring fat accumulation. Active BAT
helps maintain body weight by increasing energy expenditure,
improving glucose and lipid metabolism, and insulin sensitivity.
White fat cells can sometimes transform into beige adipocytes
under certain stimuli (cold exposure, exercise, some hormones).
This process, called “browning of white fat” is a potential
therapeutic strategy against obesity.® Exercise increases irisin
and other myokines that promote browning of fat. Dietary
factors that promote this process include capsaicin, catechins,
caffeine, and omega-3 fatty acids.

Excess maternal nutrition or gestational diabetes can
also further aggravate obesity risk by enhancing adipogenesis
through altered PPARy and C/EBPa signaling, thereby
expanding adipocyte progenitor pools.?? Research from
INSERM, France, highlights that dysregulated adipose
progenitor cells (APCs) and abnormal perinatal adipogenesis,
mediated by epigenetic mechanisms, are key drivers
of long-term adipose dysfunction in offspring of obese
mothers.2Additionally, mitogen-activated protein kinases
(MAPKs), including ERK1/2, JNK, and p38MAPK, play
critical roles in regulating appetite, adipogenesis, glucose
homeostasis, and thermogenesis. While landmark studies
on liraglutide, a GLP-1 receptor agonist, have demonstrated
remarkable success in obesity management, such therapeutic
strategies do not address the fundamental cellular and
molecular mechanisms underlying obesity.

WHITE FAT BROWN FAT BEIGE FAT
Storage of Burning of Thermogenesis
energy energy
Therapeutic Therapeutic Therapeutic
target target target

Figure 4. Different types of adipose tissue. (Created by
Open Ai-Chat GPT)

Table 1.

Schematic diagram shows the differences between white fat, brown
fat, and beige fat. (Developed by OpenAl ChatGPT).
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Diabetes Mellitus

The combined effects, such as DNA methylation and
histone modifications, can suppress pancreatic and duodenal
homeobox 1 (PDX1) and hepatocyte nuclear factor 4 alpha
(HNF4a), leading to oxidative stress and mitochondrial defects,
and resulting in insufficient ATP generation in pancreatic
B-cells. 2% This severely limits glucose-stimulated insulin
release and contributes to the dysfunction seen in T2D.*
Skeletal muscle is a major site for glucose uptake after meals,
primarily facilitated by the glucose transporter type 4 (GLUT4).
Programming of this tissue, often associated with insulin-
resistant states, affects glucose metabolism through two main
avenues. Reduced mitochondrial oxidative capacity: This refers
to a decline in the mitochondria’s ability to efficiently generate
energy through oxidative phosphorylation. A lower oxidative
capacity reduces the muscle’s glucose demand, leaving more
glucose in the bloodstream.” Reduced GLUT4 expression:
Insulin and exercise typically trigger GLUT4 translocation
from the cell’s interior to the plasma membrane to facilitate
glucose entry.® In programmed muscle, GLUT4 expression
or translocation is reduced, limiting the cell’s ability to clear
glucose from the blood.

The liver is the primary organ responsible for endogenous
glucose production, a process that is normally suppressed by
insulin. In states of insulin resistance, this process becomes
unregulated and contributes significantly to hyperglycemia,
particularly during fasting. The two key proteins involved are:
FOXOI: A transcription factor that activates the expression
of genes involved in gluconeogenesis, such as glucose-6-
phosphatase (G6Pc) and phosphoenolpyruvate carboxykinase
(PEPCK).” Normally, insulin signaling via Akt phosphorylates
FOXOI, sequestering it in the cytoplasm and inactivating it.
In insulin resistance, this suppression is impaired, and active
FOXOI1 remains in the nucleus, promoting glucose production.
PGC-1a: A transcriptional co-activator that collaborates with
transcription factors like FOXO1 to boost the expression
of gluconeogenic enzymes.”® The combined effect of these
dysfunctional pathways is systemic hyperglycemia. /n fasting
states: The liver increases its glucose production through
hyperactivated gluconeogenesis, flooding the bloodstream
with glucose. Upon feeding: The impaired glucose uptake by
skeletal muscle means that ingested glucose is not efficiently
cleared from the blood, further worsening hyperglycemia.
This vicious cycle demonstrates a central aspect of metabolic
disorders like T2D, where tissue-specific defects converge to
cause persistently high blood sugar.

FOXO1 activation: The transcription factor
Forkhead box O1 (FOXO1) is a key regulator of hepatic
gluconeogenesis (the production of glucose from non-
carbohydrate sources).!® Normally, insulin signaling
activates Akt, which phosphorylates FOXO1 and sends
it out of the cell’s nucleus, effectively turning it off. In
insulin-resistant states, this phosphorylation is impaired,
and FOXO1 remains active in the nucleus. Active FOXO1
promotes the transcription of key gluconeogenic enzymes,
such as phosphoenolpyruvate carboxykinase (PEPCK) and
glucose-6-phosphatase (G6Pase), thereby increasing the
liver’s production of glucose.

PGC-la  hyperactivation: Peroxisome proliferator-
activated receptor gamma coactivator 1-alpha (PGC-1a)
is a transcriptional coactivator that works with FOXO1 to
regulate gluconeogenesis.® Similar to FOXO1, PGC-1la is
typically activated during fasting to stimulate hepatic glucose
production. In the context of the described programming,
increased activity leads to persistently elevated glucose
production, contributing to fasting hyperglycemia. This cycle
of reduced glucose uptake and increased production is a
classic feature of insulin resistance and T2D.!%

Hyperglycemia promotes a prothrombotic milieu
by facilitating platelet activation, perturbing coagulation
pathways, and impairing fibrinolytic mechanisms.!2 The
underlying pathophysiological processes involve oxidative
stress, endothelial dysfunction characterized by diminished
nitric oxide bioavailability, accumulation of advanced
glycation end products (AGEs), elevated -circulating
coagulation factors, augmented platelet aggregation, and
decreased fibrinolytic enzyme activity.!®  Endothelial
Dysfunction: Sustained hyperglycemia induces oxidative and
inflammatory stress within the vascular endothelium, resulting
in impaired endothelial function. This dysfunction is associated
with reduced synthesis of nitric oxide (NO) and prostaglandin
I, both of which inhibit platelet aggregation. Consequently,
endothelial impairment contributes to a prothrombotic state.
Platelet Activation: Hyperglycemia directly modulates platelet
behavior by increasing their sensitivity to activating stimuli
and promoting aggregation.”!* Additionally, it enhances the
release of platelet-derived microparticles and strengthens the
binding affinity for specific coagulation factors, collectively
amplifying thrombotic potential 1%

In a unique study conducted at the University of
Minnesota, in collaboration with Dr. Jonathan Gerrard, we
investigated alterations in arachidonic acid metabolism in
drug-induced diabetic rats.”® Diabetes was induced in these
animals by streptozotocin injection. We assessed prostanoid
production in platelets and vascular tissues by measuring stable
metabolites of radiolabeled arachidonic acid, specifically
thromboxane and prostacyclin. In diabetic rats, thromboxane
production was elevated, whereas prostacyclin production
was reduced compared with control animals (Figure 5).
Remarkably, transplantation of pancreatic islet cells into
diabetic rats restored prostaglandin production to normal
levels, demonstrating that the shift in prostanoid balance
toward a pro-thrombotic state was disease-specific.

DIABETES

Blatelot
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Figure 5. Altered Prostanoid Metabolism in Drug-
Induced Diabetes Rat Model (Courtesy: My Associate,
Dr. Jonathan Gerrard, University of Minnesota).
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Clinical complications associated with  chronic
hyperglycemia include microvascular dysfunction that
contributes to the development of peripheral neuropathy,
retinopathy, and nephropathy, primarily as a result of arterial
and capillary insufficiency.’® Prolonged hyperglycemia
activates multiple biochemical pathways that damage vascular
endothelial cells.® Excess intracellular glucose increases flux
through the polyol pathway, leading to sorbitol accumulation,
osmotic stress, and depletion of NADPH, thereby reducing
antioxidant defenses, including glutathione. Concurrently,
hyperglycemia enhances the formation of advanced glycation
end products (AGEs), which cross-link with proteins in the
vascular basement membrane and interact with receptors for
AGEs (RAGE) on endothelial and inflammatory cells, triggering
oxidative stress and inflammatory signaling!*'%-Activation
of protein kinase C (PKC), particularly the B-isoform, further
promotes vasoconstriction, increased vascular permeability, and
basement membrane thickening by upregulating endothelin-1,
vascular endothelial growth factor (VEGF), and transforming
growth factor-f (TGF-B)12 Additionally, increased glucose
auto-oxidation and mitochondrial overproduction of reactive
oxygen species (ROS) exacerbate endothelial dysfunction
by impairing nitric oxide (NO) bioavailability and promoting
prothrombotic and proinflammatory states.” Collectively,
these mechanisms result in capillary rarefaction, reduced tissue
perfusion, and ischemic injury to nerves, retinal microvessels,
and renal glomeruli, which are the pathological hallmarks of
diabetic microangiopathy.

Occlusive Arterial Disease

Occlusive arterial disease develops primarily as a
consequence of atherosclerosis, a chronic, progressive
condition involving structural and functional alterations
of the arterial wall."'® The process begins with endothelial
injury, often triggered by factors such as hypertension,
hyperglycemia, dyslipidemia, smoking, or oxidative stress.
U1 Damage to the endothelium leads to a loss of vascular
homeostasis, characterized by reduced nitric oxide (NO)
availability, increased permeability to lipids, and enhanced
expression of adhesion molecules that promote the recruitment
of circulating platelets, monocytes, and T lymphocytes (Figure
6).2 Once within the intima, monocytes differentiate into
macrophages, which engulf oxidized low-density lipoproteins
(oxLDL) through scavenger receptors, transforming into
foam cells—the hallmark of early fatty streak lesions.!?
This process is amplified by reactive oxygen species (ROS),
which not only oxidize lipids but also activate redox-sensitive
transcription factors such as NF-kB, leading to the production
of inflammatory cytokines (e.g., TNF-0, IL-1B, and IL-6).
These cytokines sustain local inflammation, attract more
immune cells, and promote smooth muscle cell migration
from the media to the intima.!**

Vascular smooth muscle cells (VSMCs), once in
the intimal layer, undergo phenotypic switching from a
contractile to a synthetic state, enabling them to proliferate,
secrete extracellular matrix components, and take up lipids.*2
Signaling pathways involving Bruton’s tyrosine kinase (BTK)
have been implicated in regulating macrophage activation,
VSMC behavior, and lipid metabolism within the plaque

microenvironment.!1® At the molecular level, microRNAs
(miRNAs) play critical regulatory roles by modulating gene
expression involved in inflammation, lipid metabolism,
and cell survival. For instance, certain miRNAs suppress
endothelial repair mechanisms or enhance pro-inflammatory
signaling, further aggravating vascular dysfunction.'?
Over time, these processes culminate in the formation of
fibroatheromatous plaques, composed of lipid cores, necrotic
debris, inflammatory cells, and fibrotic tissue.!® Continued
oxidative and inflammatory stress may weaken the fibrous
cap, predisposing it to rupture. Plaque rupture exposes
thrombogenic material to circulating blood, triggering
platelet activation and thrombus formation that can abruptly
obstruct blood flow, manifesting clinically as myocardial
infarction, stroke, or peripheral arterial occlusion.' In
summary, occlusive arterial disease represents a complex
interplay between endothelial dysfunction, oxidative stress,
immune activation, lipid metabolism, and molecular signaling
networks (including BTK and miRNAs). Together, these
events perpetuate a self-amplifying cycle of inflammation
and vascular injury that drives the progression from early
atherosclerosis to advanced, clinically significant arterial

occlusion.

Figure 6. Platelet Interactions with the arterial vessel wall.
(Courtesy: My associate, (Late) Professor James G. White,
University of Minnesota).

Prothrombotic role of blood platelets

Prothrombotic conditions at the vascular wall arise
from an imbalance between antithrombotic and prothrombotic
mediators produced by endothelial cells and circulating
platelets (Figure 7).

Figure 7. Platelet Interaction with healthy endothelium (A),
Platelet interaction with dysfunctional endothelium (B), and
subendothelium (C).(Courtesy: My associate, (Late) Professor
James G White, University of Minnesota).

Under  physiological  conditions,  vasodilators
and antithrombotic agents such as prostacyclin (PGL),
thrombomodulin, protein C, plasminogen activators, and
heparin-like  glycosaminoglycans maintain  endothelial
integrity and inhibit platelet aggregation and fibrin
formation.®*® However, oxidative stress, inflammation,
or hyperglycemia can disrupt this equilibrium, leading to



Gundu H. R. Rao / International Journal of Biomedicine 16(2) (2026) 130-144 137

enhanced synthesis and release of prothrombotic factors,
including platelet-activating factor (PAF), von Willebrand
factor (vWF), plasminogen activator inhibitors, endothelial
proteases, and tissue factor. These molecules promote platelet
adhesion, activation, and aggregation, while concurrently
stimulating the coagulation cascade through thrombin
generation and fibrin deposition. Additionally, increased
production of prostanoids such as prostaglandins G2 and Ha,
and thromboxane A», augments vasoconstriction and platelet
aggregation, further amplifying the prothrombotic milieu that
predisposes to vascular occlusion and ischemic events.™

Ionized calcium acts as the primary bioregulator,
with numerous biochemical mechanisms modulating the
availability of free cytosolic calcium.’® Signal transduction
begins when agonists bind to specific receptors, leading
to the stimulation of effector enzymes via transmembrane
GTP-binding proteins (Figure 8). Key enzymes that
regulate calcium levels via secondary messengers include
phospholipase C, phospholipase A2, phospholipase D, adenyl
cyclases, and guanyl cyclases. Phospholipase-C activation
results in the hydrolysis of phosphatidylinositol trisphosphate,
generating the secondary messengers 1, 2-diacylglycerol (1,
2-DQ@) and inositol trisphosphate (IP3).12 Signal transduction
mechanisms are similar to agonist-induced transmembrane
signaling. Platelet antagonists act at the membrane receptors,
inducing transmembrane signals that result in the formation
of second messengers, cyclic AMP (cAMP) and cyclic GMP
(cGMP).12 These second messengers lower cytosolic calcium
levels and thereby limit the availability of free calcium needed
for platelet activation, leading to the assembly of actin,
contraction of cytoskeletal proteins, and secretion of granule
contents.'2122
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Figure 8. Signal transduction, formation of second messengers.
(Schematic representation prepared by the University of
Minnesota Artists).

Occlusive Arterial Events

All major arteries are susceptible to oxidative
stress—induced endothelial injury, a fundamental initiating
event in the pathogenesis of atherosclerosis.'?'2* Under
normal physiological conditions, the vascular endothelium
serves as a critical regulator of vascular homeostasis
by maintaining vasodilation through nitric oxide (NO)
production, inhibiting platelet aggregation, and preventing
smooth muscle proliferation. However, chronic exposure
to oxidative stress—arising from metabolic abnormalities
such as hyperglycemia, dyslipidemia, hypertension, and
smoking—Ileads to excessive generation of reactive oxygen
species (ROS).1% These reactive species rapidly inactivate
NO, impairing endothelial-dependent  vasodilation,

and promoting a pro-inflammatory, pro-coagulant, and
vasoconstrictive milieu.

Endothelial dysfunction enhances vascular
permeability, facilitating subendothelial accumulation of
LDL. Oxidative modification of LDL within the intima results
in the formation of oxidized LDL (oxLDL), which acts as
a potent chemoattractant for circulating monocytes and T
lymphocytes.’2* Upon infiltration, monocytes differentiate
into macrophages that internalize oxLDL via scavenger
receptors, giving rise to foam cells, the earliest morphological
feature of fatty streaks. The local inflammatory environment
perpetuates the release of cytokines, chemokines, and growth
factors that stimulate vascular smooth muscle cell (VSMC)
migration and proliferation into the intima. These VSMCs
contribute to extracellular matrix deposition, leading to the
development of a fibrofatty atheromatous plaque!2 As the
lesion matures, persistent inflammation and oxidative stress
weaken the fibrous cap via macrophage-derived matrix
metalloproteinases (MMPs), rendering the plaque unstable
and prone to rupture. Plaque rupture exposes thrombogenic
core material to circulating blood, activating platelets and the
coagulation cascade, culminating in thrombus formation and
acute vascular occlusion. 128122

The clinical consequences of such occlusive arterial
disease are determined by the vascular territory affected. In
coronary arteries, it manifests as myocardial ischemia and
infarction; in cerebral vessels, as transient ischemic attacks
or ischemic stroke; and in peripheral arteries, as critical limb
ischemia or gangrene.’?® Similarly, involvement of renal and
retinal microvasculature results in ischemic nephropathy and
retinopathy, respectively.’3! Collectively, oxidative stress—driven
endothelial dysfunction integrates metabolic, inflammatory,
and vascular mechanisms, forming the central axis of
atherogenesis. This progressive process not only underlies the
structural narrowing (stenosis) of arteries but also predisposes
to acute ischemic events that compromise perfusion and the
functional integrity of vital organs. Therapeutic implications:
Understanding the molecular interplay between oxidative
stress, inflammation, and endothelial dysfunction provides a
strong rationale for targeted interventions.*>13 Strategies that
restore redox balance—such as antioxidants, NADPH oxidase
inhibitors, and mitochondrial ROS modulators—alongside
agents that enhance endothelial NO bioavailability or suppress
vascular inflammation (e.g., statins, anti-cytokine therapies, and
BTK inhibitors), hold promise in preventing or attenuating the
progression of atherosclerotic vascular disease 132133

Discussion

Cardiovascular diseases (CVDs) remain the foremost
cause of death worldwide. Of the 20.5 million CVD-related
deaths reported in 2021, nearly 80% occurred in low- and
middle-income countries.’** Much of the foundational
understanding of CVD pathophysiology stems from the
landmark Framingham Heart Study, which identified key
risk factors such as hypertension, diabetes, and smoking. The
study also underscored several critical contributors to heart
disease—elevated cholesterol (particularly LDL or “bad”
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cholesterol), obesity, physical inactivity, family history, age,
and sex. It has been estimated that the complete elimination of
cardiovascular diseases could extend average life expectancy
by approximately 11 years.’** The INTERHEART study further
demonstrated that nine modifiable risk factors account for over
90% of the global risk of myocardial infarction across diverse
regions and populations, implying that effective management
of these factors could prevent most premature heart attacks.'3
Similarly, Khera and colleagues at Harvard University showed
that even among individuals with a high genetic predisposition,
adherence to a healthy lifestyle reduced the relative risk of
coronary artery disease by nearly 50%.137 Research from
Imperial College London revealed a decline in cardiovascular
mortality but a concurrent rise in diabetes-related deaths in high-
income countries. Between 1980 and 2009, age-standardized
cardiometabolic mortality decreased across 26 industrialized
nations, with reductions in modifiable risk factors contributing
to 49% of the decline in men and 40% in women. However, no
country has yet succeeded in reversing or halting the increasing
incidence of vascular diseases.

In a monograph we published in 2001 titled “Coronary
Artery Disease in South Asians,” world-renowned cardiovascular
epidemiologist Professor Henry Blackburn of the University of
Minnesota emphasized, “The ultimate health goal is not merely
to control disease or reduce high risk, but to prevent high risk
from developing in the first place—both in individuals and across
entire populations.”*# According to the Cleveland Clinic, healthy
lifestyle habits could prevent up to 80% of chronic diseases,
most of which are linked to modifiable risk factors—a finding
supported by numerous studies and public health organizations.
Despite this evidence, modern healthcare continues to focus
largely on managing diagnosed conditions such as hypertension,
T2D, obesity, and vascular diseases, rather than preventing them.
The future of medicine, however, lies in proactive prevention,
targeting modifiable risks and promoting a longer, healthier
lifespan.”* Our current understanding of the cellular and
molecular mechanisms underlying cardiometabolic risk and the
development of metabolic diseases has advanced substantially.
In this review, we summarize these mechanisms, including
oxidative stress, dysregulated lipid and glucose metabolism,
endothelial dysfunction, arterial injury, atherosclerosis, and
acute vascular events. In addition to lifestyle modification, early
detection of metabolic dysfunction and targeted intervention at
the cellular and molecular levels may significantly enhance the
prevention and management of chronic metabolic diseases.

The concept of the FOAD, originally proposed by Dr.
David Barker, has evolved into the DOHaD paradigm.'*
This hypothesis suggests that the intrauterine environment,
including maternal nutrition, hormonal milieu, and metabolic
status, profoundly influences fetal organ development and
long-term health outcomes. Evidence from the Mysore Cohort
and subsequent Mysore Parthenon Studies demonstrated that
low birth weight, a marker of suboptimal fetal nutrition, was
associated with an increased risk of coronary heart disease,
insulin resistance, and metabolic dysfunction in adulthood.
10-12 Fyrthermore, maternal undernutrition or overnutrition—
often coexisting in low- and middle-income countries—was
found to exert dual adverse effects on offspring, predisposing

them to metabolic and cardiovascular diseases. A new
mechanistic hypothesis has emerged from studies led by Dr.
Robert Freishtat’s team at Children’s National Hospital and
collaborative work with Indian research institutions. Their
work focuses on adipocyte-derived exosomal microRNAs
(miRNAs) that mediate intercellular communication and
epigenetic regulation.®? In obesity, visceral adipocytes release
altered exosomes that contain specific miRNAs, which
reprogram metabolic pathways in distant tissues—impairing
glucose and lipid homeostasis.®*% Extending this concept,
maternal exosomal miRNAs may cross the placenta and modify
fetal gene expression, influencing adipogenesis and lifelong
susceptibility to obesity and T2D. This finding integrates
epigenetic regulation into the DOHaD framework and opens
avenues for early diagnosis and intervention.

The global rise in cardiometabolic diseases—including
hypertension, obesity, T2D, and vascular dysfunction—reflects
an interplay between metabolic, oxidative, and inflammatory
processes.* 40 Endothelial Dysfunction: A pivotal early
marker of vascular disease, characterized by reduced nitric
oxide (NO) bioavailability due to oxidative stress and
metabolic imbalance.” Hypertension: Linked to fetal growth
restriction, nephron deficit, and persistent activation of the
renin—angiotensin—aldosterone system (RAAS), representing
a developmental programming effect.*” Obesity: Differences
in adipose tissue function—white (WAT), brown (BAT), and
beige fat—determine metabolic efficiency. Maternal obesity
and gestational diabetes further aggravate fetal adipogenesis
via altered PPARy and MAPK signaling, increasing long-term
obesity risk.**? Diabetes Mellitus: Epigenetic modifications
suppress critical pancreatic genes (PDX1, HNF4a), impairing
B-cell function and insulin secretion. In peripheral tissues,
reduced GLUT4 expression and mitochondrial dysfunction
diminish glucose uptake, perpetuating hyperglycemia and
insulin resistance.”%

Atherosclerosis underlies occlusive arterial
diseases through a cascade initiated by endothelial injury.
Hyperglycemia, dyslipidemia, and hypertension increase
oxidative stress, leading to lipid oxidation (ox-LDL
formation), activation of inflammatory cytokines (TNF-a,
IL-1B, IL-6), smooth muscle proliferation, and plaque
formation.'Z127Platelets play a prothrombotic role, amplifying
vascular injury by promoting imbalanced prostanoid signaling
and elevating thromboxane A.. Experimental evidence,
such as prostanoid imbalance in diabetic rats, confirms
this metabolic-vascular linkage. In advanced stages, these
mechanisms culminate in ischemic events—myocardial
infarction, stroke, or peripheral artery disease—reflecting the
systemic consequences of metabolic dysregulation. Despite
advances in understanding molecular pathways—calcium
signaling, NO—cGMP cascades, and redox regulation—
clinical outcomes rely heavily on modifiable risk factor
control. Historical and contemporary studies (Framingham,
INTERHEART, Harvard’s Khera et al.)*¢13” converge on the
same conclusion: lifestyle modification—including balanced
nutrition, physical activity, and smoking cessation—remains
the most effective preventive strategy. Modern medicine must
transition from a reactive model of disease management to a
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proactive prevention model, emphasizing early identification
of epigenetic and metabolic markers of disease susceptibility.

Conclusions

The cumulative evidence from decades of global
and Indian research underscores that adult metabolic
and cardiovascular diseases originate, in part, from
adverse intrauterine environments that induce epigenetic
reprogramming of key metabolic pathways. The integration of
exosomal signaling, maternal nutrition, and oxidative stress into
the DOHaD framework provides a unified model linking fetal
events to adult pathology. Cardiometabolic diseases—spanning
obesity, diabetes, hypertension, and vascular disorders—share
a common axis of endothelial dysfunction, oxidative stress,
and inflammation. While molecular research has identified
numerous therapeutic targets, the greatest impact will come from
early-life interventions and preventive strategies that address
maternal and fetal health, aiming to halt the intergenerational
transmission of disease risk. Ultimately, the future of medicine
lies not merely in treating disease but in preventing high-risk
states from developing, thereby promoting healthier aging
and reducing the global burden of chronic cardiometabolic
disorders.
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Abstract

This review explores the similarities and distinctions between polymyalgia rheumatica (PMR) and fibromyalgia (FM),

focusing on pain mechanisms, clinical features, diagnostic challenges, and individualized treatment strategies. Although both
disorders manifest as musculoskeletal pain syndromes with overlapping features, PMR is characterized by inflammation
and glucocorticoid responsiveness, while FM is dominated by central sensitization mechanisms. This article emphasizes the
importance of differentiating between the two for accurate diagnosis and tailored therapy.(International Journal of Biomedicine.
2026;16(2):145-150.)
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Main Points

*  PMR and FM share symptoms but differ in that PMR is inflammatory and FM is centrally mediated.

e Distinguishing PMR from FM is very important to avoid misdiagnosis and inappropriate glucocorticoid use.
»  Diagnosis depends on symptoms, inflammation markers, imaging (for PMR), and classification criteria.

*  PMR is treated with glucocorticoids, while FM requires neuromodulators and non-drug therapies.

¢ PMR and FM can coexist, especially in older adults, requiring tailored multidisciplinary care.
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Biomedicine. 2026;16(2):145-150. doi:10.21103/Article16(2) RA1

Abbreviations

CBT, cognitive behavioral therapy; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; FM, fibromyalgia; FMS,
fibromyalgia syndrome; GCA, giant cell arteritis; PMR, polymyalgia rheumatica; RA, rheumatoid arthritis.

Introduction

Fibromyalgia (FM) is a chronic condition marked by
pervasive musculoskeletal pain, accompanied by symptoms
that significantly impact daily activities and diminish quality of
life. The hallmark symptoms of FM encompass pervasive pain
throughout the body, debilitating fatigue, sleep disturbances,
and cognitive impairment, often termed “fibro-fog.” Alongside
psychological issues such as anxiety and depression, patients

*Corresponding author:Dr. Abdulrahman Ali M Khormi. E-mail:
isameldin2015@gmail.com

frequently endure headaches, irritable bowel syndrome,
muscular and joint stiffness, and heightened pain sensitivity
(allodynia and hyperalgesia). It is estimated that between
0.2% and 6.6% of the global population is afflicted by this
condition, with a marked prevalence among women compared
to men. A significant percentage of patients with inflammatory
rheumatic diseases meet the fibromyalgia syndrome (FMS)
criteria, complicating diagnosis, treatment, and follow-up.
The coexistence of FMS may lead to superfluous laboratory
and radiological evaluations.!2

Polymyalgia rheumatica (PMR) is the most common
inflammatory rheumatological disease in adults over 50,

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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occurring 2-3 times more frequently in women. PMR results
in significant disabilities if inadequately managed. Symptoms
include muscle rigidity and discomfort, predominantly in the
cervical or shoulder regions and pelvic girdle, along with low-
grade fever, depression, fatigue, anorexia, and weight reduction.
Individuals affected often experience significant mobility
restrictions due to discomfort, typically exacerbated in the
mornings or after periods of inactivity. PMR is distinguished
by increased inflammatory markers, including C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR). It
is typically administered with medium or low doses of oral
glucocorticoids. The diagnosis of PMR depends on a synthesis
of clinical assessment, medical history, physical examination,
and laboratory tests. To diagnose PMR, conditions that may
elicit similar symptoms must be excluded, according to the
guidelines set forth by the American College of Rheumatology
and the European League Against Rheumatism. The core
exclusion disorders encompass infections, cancer, and
giant cell arteritis (GCA), along with FM, hypothyroidism,
rheumatoid arthritis, and drug-induced myalgia.?

The symptoms of FM and PMR often coincide,
leading to potential misinterpretation or misdiagnosis,
especially in elderly individuals presenting with fatigue and
musculoskeletal pain. Muscle pain, stiffness, and fatigue are
prevalent symptoms of both conditions, and distinguishing
between them can be challenging because FM lacks definitive
diagnostic tests, and symptoms vary. Certain criteria facilitate
the differentiation between PMR and other pain disorders,
such as FM, which typically manifests at a younger age
than PMR. Furthermore, laboratory markers typically do
not show elevation to indicate an inflammatory condition
in FM. It is essential to differentiate between PMR and FM
for accurate diagnosis and effective treatment, as well as to
prevent the unwarranted administration of glucocorticoids in
FM patients.

This review paper examines pain mechanisms, clinical
features, diagnostic techniques, and individualized therapies
for PMR and FM. Furthermore, to demonstrate the similarities,
intersections, and distinctions between the two conditions.

Pain Mechanisms

Polymyalgia Rheumatica

Common symptoms may include fatigue, fever, and
weight loss. Pain is induced by systemic inflammation,
primarily involving IL-6 and various cytokines. In certain
studies, arthroscopic biopsies from the glenohumeral joints
of untreated patients with PMR demonstrated synovitis
characterized by leukocyte infiltration and vascular
proliferation. Proximal pain is associated with synovitis and
bursitis in the hip and shoulder regions. Most infiltrating
cells were macrophages and memory T cells, with a minor
presence of B cells. T cells exhibited elevated levels of major
histocompatibility complex class II molecules, indicating
activation. Inflamed tissues contain activated macrophages
and T cells that sensitize peripheral nociceptors. Recent
studies suggest that PMR patients experiencing persistent
pain may exhibit low-grade central sensitization. Vascular
endothelial activation may contribute to pathogenesis, as

elevated expression of vascular endothelial growth factor
(VEGF) in synovial biopsies is associated with GCA in
10-20% of cases, with vascular inflammation exacerbating
pain. Elevated expression of adhesion molecules in
endothelial and synovial lining cells may facilitate the
recruitment of inflammatory cells to these lesions. Levels
of vasoactive intestinal peptide (VIP) were elevated in
the shoulder synovium of patients with PMR compared
to those with rheumatoid arthritis (RA) or osteoarthritis.
Nociception linked to local VIP production may contribute
to the distinctive shoulder pain in PMR. A recent observation
indicates that PMR may manifest as an adverse effect of
cancer therapy utilizing checkpoint inhibitors.>?
Fibromyalgia

Fibromyalgia is predominantly attributed to heightened
painsignaling within the central nervous system. Neuroimaging
research indicates modified brain connectivity in pain-
processing areas, such as the insula and anterior cingulate
cortex (10). Discrepancies in serotonin, norepinephrine, and
substance P all enhance pain perception. Emerging evidence
indicates low-grade inflammation and small-fiber neuropathy
in certain FM patients, although it is less common than in
polymyalgia rheumatica. Fibromyalgia-related pain has been
linked to modifications in brain regions involved in pain
processing, reduced activity of pain-inhibitory pathways,
and heightened activity of pain-facilitating pathways. The
precise pathogenetic mechanism underlying FM pain remains
incompletely elucidated, yet it is thought to engage multiple
peripheral and central pathways. Conditions such as FM can
lead to sustained activation of glial cells and the ensuing
release of proinflammatory agents.'

Thus, PMR painis primarily inflammatory and peripheral,
driven by cytokine-mediated activation of nociceptors. FM
pain is centralized, with minimal inflammatory contribution,
focusing on CNS amplification and neurochemical changes.

Clinical Differences

Polymyalgia rheumatica

The predominant symptoms include proximal pain and
morning stiffness in the pelvic girdle and shoulders persisting
for over 45 minutes, which may be acute or progress over
several days to weeks, a swift response to glucocorticoids,
and elevated ESR/CRP levels. Common symptoms may
encompass fatigue, fever, and weight reduction. The
nonspecific clinical presentation and absence of distinctive
laboratory or serologic findings often result in diagnostic
delays. PMR imposes a considerable burden on the daily
lives of elderly individuals.>4
Fibromyalgia

Fibromyalgia symptoms are persistent functional
manifestations. Individuals exhibita spectrum of symptoms and
severity, ranging from mild and intermittent to persistent and
debilitating. Clinical manifestations encompass diffuse pain,
tender points, fatigue, sleep disturbances, and non-restorative
sleep, alongside a form of cognitive impairment characterized
by concentration difficulties and mental fog (“fibro fog”);
headaches (e.g., migraines), paresthesia, memory deficits,
abdominal discomfort or cramps, autonomic dysregulation,
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xerostomia, xerophthalmia, visual disturbances, restless leg
syndrome, and normal inflammatory markers. Fibromyalgia
and other conditions with overlapping symptoms are not
mutually exclusive and may coexist simultaneously.>3

Demographics
Polymyalgia rheumatica

Polymyalgia rheumatica is the most common
inflammatory rheumatic condition in individuals over 50, with
a prevalence in women that is 2-3 times greater than in men.
In Sweden, the prevalence of PMR among individuals aged
50 and older varies from 34 to 50 per 100,000. One review
established that PMR is more prevalent among individuals
of Northern European descent, while GCA and PMR are
less prevalent in Asian populations. Polymyalgia rheumatica
is 2 to 3 times more prevalent than GCA and manifests in
approximately 50% of individuals diagnosed with GCA.
Polymyalgia rheumatica may precede, coincide with, or
succeed GCA #1113
Fibromyalgia

This disease impacts individuals across all age groups
and typically exacerbates with advancing age, reaching its
zenith between 50 and 60 years old. Women are three times
more likely to be affected than men. Global estimates vary from
0.2% to 6.6%. It is the third most prevalent musculoskeletal
condition, following lumbar pain and osteoarthritis. The
prevalence in Europe is 2.31%. Countries like the United States,
Canada, and Japan report prevalence rates of 6.4%, 1.5%, and
2.1%, respectively. Y. Bawazir conducted a systematic review
and meta-analysis regarding the prevalence of FMS in Saudi
Arabia.? It disclosed that FMS is more prevalent among
women, especially in Saudi Arabia, where its occurrence is
13.4%. Factors correlated with a heightened probability of
developing FM encompass diagnoses of major depressive
disorder, irritable bowel syndrome, and restless legs syndrome.
A study conducted by AlOmair et al.!3 revealed that 15.2%
(n=47) of the 310 seropositive RA patients met the diagnostic
criteria for FMS 21413

Diagnostic Approaches

Polymyalgia Rheumatica

The diagnosis of PMR is difficult because there are no
definitive findings on clinical evaluation, laboratory analysis,
or imaging to validate the condition. Increased ESR (>40
mm/h) and CRP are prevalent but may be normal in 10-
20% of instances. Ultrasound or MRI can identify bursitis or
synovitis; PET-CT may be used to assess for GCA association;
and a response to glucocorticoids (e.g., prednisone 15-20
mg/day) can serve as a diagnostic criterion. Chuang et al.
and Healey et al. delineated diagnostic criteria for PMR,
with the latter incorporating a swift response to less than
20 mg/day of prednisolone. Nevertheless, these criteria are
not extensively utilized in standard clinical practice. The
American College of Rheumatology and the European League
Against Rheumatism recommend excluding conditions that
mimic PMR symptoms, including core exclusion conditions
(GCA, cancer, infections), rheumatoid arthritis (RA), FM,
hypothyroidism, and drug-induced myalgia. The American

College of Rheumatology and the European League Against
Rheumatism recommend excluding conditions that mimic
the symptoms of PMR, including core exclusion conditions
(GCA, cancer, infections), RA, FM, hypothyroidism, and
drug-induced myalgia. In 2012, the European League Against
Rheumatism (EULAR) proposed new classification criteria
for PMR. The American College of Rheumatology (ACR)
developed a scoring algorithm incorporating factors such as
morning stiffness exceeding 45 minutes (2 points), hip pain
or restricted range of motion (1 point), absence of rheumatoid
factor and/or anti-citrullinated protein antibodies (ACPA)
(2 points), and absence of peripheral joint pain (1 point). A
score of >4 demonstrates 68% sensitivity and 78% specificity
for PMR. The inclusion of ultrasound results yields a score
of >5, increasing sensitivity to 66% and specificity to 81%.
Patients aged 50 and above presenting with bilateral shoulder
pain of unexplained origin may be diagnosed with PMR if
they exhibit morning stiffness exceeding 45 minutes, elevated
CRP and/or ESR, and newly developed hip pain. These
classification criteria mitigate heterogeneity among positive
cases by emphasizing typical manifestations, thereby reducing
the likelihood of false-positive diagnoses. Nonetheless, they
may not be applicable in atypical instances of PMR. The
majority of diagnostic criteria for PMR exhibit low sensitivity
and specificity and were formulated for populations with a
high prevalence of the disorder. Consequently, comprehensive
clinical assessment and the exclusion of alternative potential
causes are imperative for precise diagnosis. The functions of
imaging studies in the diagnosis, treatment, and prognosis of
PMR are inadequately documented and necessitate further
elucidation. -2
Fibromyalgia

The diagnosis is predicated on the persistence and
extensive distribution of pain. The pain must persist for at least
3 consecutive months and be widespread. Sleep disturbances,
fatigue, and mood disorders are typically evident. The
diagnosis is established only after a comprehensive history
and clinical examination have excluded peripheral pain of
structural, inflammatory, or neuropathic origin, and after
specific laboratory tests and clinical evaluations have
excluded other conditions, such as normal inflammatory
markers and negative autoimmune serologies. In 1990, the
American College of Rheumatology (ACR) published the
inaugural diagnostic criteria for fibromyalgia. In 2010, the
ACR acknowledged “The American College of Rheumatology
Preliminary Diagnostic Criteria for Fibromyalgia and
Measurement of Symptom Severity” as “an alternative
diagnostic method.” The 1990 classification and 2010
diagnostic criteria were formulated among rheumatology
patients and were physician-centric. Due to its nonspecific
nature, it is no longer recommended to assess fibromyalgia
based on pain at 11 of the 18 tender points. The tender
point count relies on the patient’s self-report, the physician
examiner’s assessment and interpretation, and the natural
decrease in pain threshold. Gracely et al. characterized the
tender count as “some unspecified combination of tenderness
and distress” and referred to it as “a sedimentation rate for
distress.”™ The 2011 criteria incorporated a fibromyalgia
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severity (FS) score, derived from the sum of the Widespread
Pain Index (WPI) and the Symptom Severity Scale (SSS),
facilitating a quantitative evaluation of fibromyalgia
symptom severity. Application of the 2010/2011 criteria
to regional pain syndromes resulted in misclassification.
Nevertheless, the incorporation of a modified widespread
pain criterion, termed the “generalized pain criterion,”
eradicated misclassification. Fibromyalgia and other
conditions with overlapping symptoms are not mutually
exclusive and may coexist simultaneously. Consider testing
for alternative conditions in patients with the appropriate
history and distinctive clinical features. ACR 2016 criteria,
highlighting the intensity of symptoms and extensive pain.
This is an update to the fibromyalgia criteria from 2010 and
2011. Emerging tools for assessing fibromyalgia patients
encompass Quantitative Sensory Testing and neuroimaging
for research applications. A diagnosis of fibromyalgia is
legitimate regardless of other diagnoses.22 Adults can
now be diagnosed with fibromyalgia if they meet all of the
following criteria:

e There is widespread pain, which is characterized by
pain in at least four out of five areas.

*  For at least three months, the symptoms have persisted
at a comparable level.

*  Symptom severity scale (SSS) score >5 and widespread
pain index (WPI) >7 or SSS score >9 and WPI of 4-6.

* A diagnosis of fibromyalgia is valid irrespective of
other diagnoses. A diagnosis of fibromyalgia does
not exclude the presence of other clinically important
illnesses.

Diagnostic Challenges

Overlap: Both may present stiffness, fatigue, and
generalized pain, leading to misdiagnosis.

Tools: Polymyalgia rheumatica diagnosis relies on
clinical criteria (e.g., EULAR/ACR 2012 classification) and
inflammatory markers. FM diagnosis uses ACR 2016 criteria
(widespread pain index, symptom severity scale).

Comorbidity: Fibromyalgia may coexist with PMR,
complicating pain assessment. Up to 20% of PMR patients
may meet FM criteria. Yu Yokota et al reported a 92-year-old
woman with polymyalgia rheumatism who had been treated
with prednisolone for 18 years and was later diagnosed with
coexisting fibromyalgia based on two physical examinations
and her personal history of general pain. Pregabalin was
prescribed, and her pain gradually disappeared.?

Differentiation

Inflammatory markers and glucocorticoid response are
key to distinguishing PMR from FM. Fibromyalgia requires
assessment of non-pain symptoms (headaches, paresthesia,
memory deficits, abdominal discomfort or cramps, autonomic
dysregulation, xerostomia, xerophthalmia, visual disturbances,
restless leg syndrome) to ensure an accurate diagnosis. Table 1
for summarizing diagnostic features of PMR vs. FM.

Table 1.
Diagnostic Features of PMR vs. FM.

Diagnostic Feature PMR FM
Inflammatory markers Elevated CRP, ESR | Normal
Age relevance >50 years é)glf %?)—60)
Imagin Ultrasound, MRI Not useful
ging (bursitis/synovitis) | clinically
e o ACR 2016
Classification criteria EULAR/ACR 2012 (WPI + SSS)

Response to glucocorticoids| Rapid and significant| None

Treatment Approaches

Polymyalgia Rheumatica

The management of PMR emphasizes symptom relief,
reduction in inflammation, and enhancement of overall
function. Corticosteroid therapy is the foundation of PMR
treatment. Nonsteroidal anti-inflammatory drugs (NSAIDs)
may be prescribed to augment corticosteroid therapy and
alleviate symptoms. Physical therapy is crucial for managing
PMR. Glucocorticoids generally elicit a rapid response to all
PMR symptoms. The latest ACR/EULAR guideline for the
initial daily dosage of prednisolone in PMR is 12.5-25 mg.
The diagnosis is corroborated by the patient’s rapid response
to treatment and alleviation of pain within 1-2 weeks. It is
recommended to gradually reduce dosage over a period of 6
to 12 months to mitigate side effects. A suboptimal treatment
response should necessitate a reevaluation of alternative
diagnoses, especially malignancy or other rheumatic
disorders. To mitigate long-term toxicity, supportive measures
must be employed alongside GC treatment. Calcium, vitamin
D, and bisphosphonate supplements are utilized to prevent
osteoporosis. A daily dosage of 10 mg or greater is associated
with an increased risk of injury. When evaluating the extent of
harm associated with a daily dose of 5-10 mg, it is essential
to consider patient characteristics and comorbidities. The
prognosis for PMR is generally positive, and the condition
usually resolves within a few years. A meta-analysis by Floris
et al. included 21 studies, revealing that 77%, 51%, and 25%
of participants remained on glucocorticoids at 1, 2, and 5
years post-diagnosis, respectively. While further research
is necessary, intramuscular MP is probably an effective
alternative to oral GC for specific patients, including the
elderly and those with adherence issues. Patients with PMR
necessitate GC-sparing strategies due to the myriad adverse
effects associated with prolonged GC therapy. The ACR/
EULAR panel conditionally recommended the early initiation
of MTX, particularly for patients at elevated risk of relapse
and/or those necessitating extended treatment. Numerous case
reports and series indicate the effectiveness of intravenous
tocilizumab in individual patients with PMR. TNF inhibitors
are contraindicated for the management of PMR. The most
prevalent comorbidity reported following a PMR diagnosis is
vascular disease. The vascular disorders encompass strokes,
myocardial infarction, and peripheral vascular disease.22
Table 2 presents a treatment comparison of PMR and FM.
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Table 2.
Treatment Comparison of PMR and FM.

Treatment Feature |PMR FM

. . Glucocorticoids | SNRISs, anticonvulsants,
First-line therapy (prednisone) TCAs
Treatment response Rapid (days) Gradual

time (weeks to months)

Non-pharmacologic | Physical therapy, |CBT, exercise, sleep

approaches taper monitoring |hygiene
Other medications Methotrexate, Low-dose naltrexone,
tocilizamab ketamine (experimental)
. Essential for Ineffective and not
Steroid use L
remission recommended
Osteoporosis, Depression, anxiety, IBS,

Comorbidity focus

GCA, vascular risk| sleep disorders

Fibromyalgia

Individualized and multidisciplinary treatment is
necessary. It is crucial to manage comorbid conditions
like psychiatric disorders and sleep disturbances and to
educate patients. Aerobic cardiovascular fitness exercises are
beneficial. For certain patients, tai chi and/or water exercise
may be more beneficial. FDA-approved drugs include a dual
uptake inhibitor, such as duloxetine 20 to 30 mg at breakfast,
gradually increased to 60 mg/day, or milnacipran 12.5 mg
each morning, gradually increased as tolerated to 50 mg twice
daily. Pregabalin (anticonvulsant) for centralized pain taken
at bedtime. Treatment is initiated at a dose of 25 to 50 mg at
bedtime and is adjusted upwards as tolerated to 300 to 450 mg/
day. Gabapentin is an acceptable alternative for patients for
whom cost or regulatory constraints limit the availability of
pregabalin. Amitriptyline (low dose) and/or cyclobenzaprine
can also be used. Emerging treatment low-dose naltrexone
(1-4.5 mg/day) shows promise in reducing pain and fatigue.
Lidocaine infusions could give an alternative option for patients
who have not responded well to conventional therapies. A 2024
systematic review by de Carvalho and de Sena3®-demonstrates
the effectiveness and safety of ketamine in FM patients in
the short term. More studies, including long-term follow-
up studies, are still needed. Recently, the FDA approved
cyclobenzaprine HCL sublingual (Tonmya) as a treatment
for fibromyalgia in adults. Non-pharmacological options also
include cognitive behavioral therapy (CBT) and mindfulness-
based stress reduction for pain coping. 23t

Comparison

PMR treatment targets inflammation, with a rapid
response to steroids. FM treatment focuses on neuromodulation
and symptom management, with a slower, variable response.
Overlap management: If PMR and FM coexist, combine anti-
inflammatory and neuromodulation strategies.

Conclusion

It is important to diagnose both FM and PMR accurately
and early. Additionally, clinicians should be aware of the

distinct pain mechanisms in both conditions (inflammatory
vs. central), differences in clinical features, and the possibility
of both conditions coexisting. Tailored therapy is needed
to improve the outcomes. Integrating rheumatology, pain
medicine, and psychology is needed for holistic management.
Longitudinal studies to understand the development of FM in
PMR patients are needed.
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Abstract

Diabetes mellitus (DM) is one of the most vital health crises across the world in the 21st century, as it affects more than 537
million adults in the world and is projected to increase to 783 million individuals by 2045. The existing pharmacological treatments,
such as metformin, sulfonylureas, and insulin therapy, though effective, have significant drawbacks, including gastrointestinal
adverse effects, hypoglycemic events, weight gain, and diminishing efficacy over time. Bioactive compounds of plant origin have
emerged as new therapeutic options, offering multi-targeted supplementation with a good safety profile. This review provides an
in-depth analysis of key groups of antidiabetic phytochemicals, including phenolics (gallic acid, chlorogenic acid), flavonoids
(quercetin, kaempferol, anthocyanins), alkaloids (berberine, trigonelline), and terpenoids (ginsenosides, oleanolic acid). Recent
discoveries between 2024 and 2026 show significant potential to modulate glucose homeostasis through AMP-activated protein
kinase (AMPK), a-glucosidase, B-cell protection, and the anti-inflammatory pathway. Potential drugs such as Gymnema
sylvestre, Momordica charantia, Azadirachta indica, and Celtis tetrandra have good preclinical and clinical results. Although
bioavailability, standardization, and clinical translation are challenging, plant-based bioactive compounds are promising next-
generation antidiabetic therapeutic agents, as monotherapy or as a supplement to the current treatment.(International Journal of
Biomedicine. 2026;16(2):151-156.)
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Introduction

Diabetes mellitus (DM) is a heterogeneous group of
metabolic diseases characterized by chronic hyperglycemia
resulting from defects in insulin secretion, insulin action, and
both.! The prevalence of diabetes nowadays is at epidemic
levels, and the International Diabetes Federation (IDF)
estimates 537 million cases in 2021, and it will reach 783
million by 2045.2 This increasing rate of prevalence has high
economic costs, as the global healthcare spending reaches
USD 966 billion yearly.

There are multiple pathophysiological entities associated
with diabetes. Type 1 diabetes mellitus (T1DM) is an
autoimmune destruction of B-cells in the pancreas, requiring
lifelong insulin replacement. Type 2 diabetes mellitus
(T2DM) is a progressive insulin resistance disease associated
with defective B-cells and 90-95% of all diseases. Gestational
diabetes mellitus (GDM) is an illness that arises during

pregnancy, placing both mother and child at risk of developing
serious metabolic disorders. Maturity-onset diabetes of the
young (MODY) is a monogenic disorder caused by mutations
in genes that regulate B-cell function.?

Existing treatment approaches are largely limited.
The pharmacotherapy of T2DM, which is the first-line
option, Metformin, is most commonly associated with
gastrointestinal intolerance, manifesting as diarrhea and
nausea, and thus discontinuations are as high as 5-10% in
patients. Sulfonylureas encourage hypoglycemia and weight
gain, and thiazolidinediones heighten cardiovascular risks and
fluid retention. TIDM and advanced T2DM insulin therapy
are vital and necessitate close observation and carry the threat
of hypoglycemia. Moreover, several traditional agents have
shown a decreasing efficacy with time owing to progressive
B-cell failure.

Such restrictions have prompted the exploration of
medicinal plants and their bioactive compounds. The use

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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of botanical preparations in the management of diabetes
has a history of thousands of years in traditional medicine,
which includes Ayurveda, Traditional Chinese Medicine, and
Arabic medicine. In modern pharmacognosy, some bioactive
molecules responsible for the aforementioned antidiabetic
effects have been identified, enabling mechanistic evaluation
of these effects and the application of therapeutic strategies in
a standardized manner. The mentioned effects of plant-derived
compounds include the following: multi-targeted activity,
reduced toxicity, and potential B-cell protection.?

This review aims to present a timely overview of
recent developments (2024-2026) in the field of plant-derived
bioactive compounds for the management of diabetes, with
a focus on mechanistic insights, clinical trials, and potential
therapeutic implications.

Plant-Derived Bioactive Compounds with
Antidiabetic Potential

Phytochemicals are secondary metabolites produced by
plants to protect against external stressors. These compounds
have developed complex molecular structures that facilitate
interaction with mammalian biological targets, including
glucose homeostatic biological targets. The significant classes
that have antidiabetic effects are:

The phenolic compounds are aromatic secondary
metabolites with hydroxylated benzene rings. This
heterogeneous group consists of phenolic acids (gallic acid,
caffeic acid, chlorogenic acid), stilbenes (resveratrol), and
lignans. Their antidiabetic effect is mediated by antioxidant
activity, enzyme inhibition, and alterations in glucose
transporters.®

The largest group of polyphenols is the flavonoids,
which share the diphenylpropane (C6-C3-C6) skeleton. They
have subclasses of flavonols (quercetin, kaempferol), flavones
(apigenin), flavanols (catechins), and anthocyanins (cyanidin-
3-glucoside). Such compounds show insulin secretagogue
effects, B-cell protection, and anti-inflammatory properties.

Alkaloids are nitrogen-based basic compounds that
are based on the amino acid precursors. Some well-known
antidiabetic alkaloids include berberine (isoquinoline type),
trigonelline (pyridine type), and piperine. These molecules
first and foremost activate AMP-activated protein kinase
(AMPK), which regulates cellular energy metabolism.”

Saponins and terpenoids are derivatives of isoprene,
such as triterpenes (oleanolic acid, ursolic acid) and saponins
that are steroids (ginsenosides). These chemicals improve
insulin sensitivity, maintain lipid metabolism, and prevent
diabetic complications.

The general mechanisms underlying the antidiabetic
effects of these compounds are: (1) blockage of carbohydrate-
digesting enzymes (a-amylase, o-glucosidase); (2)
enhancement of insulin secretion and regeneration of B-cells;
(3) promotion of peripheral glucose uptake through GLUT4
translocation; (4) inhibition of hepatic gluconeogenesis;
(5) inhibition of oxidative stress and inflammation; and (6)
alteration of gut microbiota.?

Major Classes of Antidiabetic Bioactive
Compounds

Phenolic Compounds

Phenolic acids are important antidiabetic agents, and
their mechanisms are well documented. Chlorogenic acid,
which is present in large quantities in coffee, apples, and
blueberries, exhibits strong hypoglycemic and hypolipidemic
properties. Recent reports show that chlorogenic acid inhibits
a-amylase and enhances insulin action in antioxidant and
anti-inflammatory mechanisms. Gallic acid and caffeic
acid exhibit similar enzyme-inhibitory profiles; caffeic acid
shows stronger a-glucosidase inhibitory activity (IC50 8.00
+ 0.40 mg/mL) than the standard drugs. Rosmarinic acid, a
compound extracted from Rosmarinus officinalis and other
species of the Lamiaceae family, increases insulin sensitivity
by regulating the expression of GLUT4 and suppressing
phosphoenolpyruvate  carboxykinase = (PEPCK).  The
molecular docking studies show that rosmarinic acid binds to
the a-glucosidase active site, forming stable hydrogen bonds
with binding energies similar to those of acarbose. According
to recent studies, rosmarinic acid modulates the activity of
glycogen phosphorylase and glycogen synthase in diabetic
animals and restores hepatic and muscular glycogen levels
after 30 days of administration.

Phenolic antioxidant capacity is very instrumental in
alleviating diabetic complications. These scavenge reactive
oxygen species (ROS), prevent the formation of advanced
glycation end-products (AGEs), and chelate transition metals
(Fe*, Cu?") that catalyze oxidative reactions. Quercetin and
resveratrol, in particular, exhibit AGE-inhibitory activity,
trapping reactive dicarbonyl compounds and inhibiting protein
glycation.t

Flavonoids

The variety of antidiabetic mechanisms of flavonoids
is impressive. Quercetin, which is rich in onions, apples, and
broccoli, exhibits a variety of activities, including inhibition
of DPP-4 (IC50 1.150 mg/mL), a-glucosidase, and B-cell
apoptosis. According to recent mechanistic research, quercetin
alleviates endoplasmic reticulum stress and oxidative harm
in pancreatic B-cells, maintaining insulin production and
secretion.?

Among the flavonols with a promising future is
kaempferol, according to research in 2024-2025. In vitro
experiments indicate that kaempferol inhibits a-glucosidase
and a-amylase with IC 50 values of 2.33 mg/mL and 52.95mg/
mL, respectively. Kaempferol enhances hexokinase activity
in both skeletal muscle and liver in streptozotocin-induced
diabetic mice but inhibits hepatic gluconeogenesis through
the inhibition of pyruvate carboxylase. It is important to note
that kaempferol upregulates autophagy in B-cells, which
helps defend against lipotoxic injury by maintaining lipid
homeostasis.'

The pigmented flavonoids, anthocyanins, that color
berries and grape plants blue, purple, and red have shown
specific protective effects on pancreatic -cell function. A



F. Siddique et al. / International Journal of Biomedicine 16(2) (2026) 151-156 153

systematic review of in vitro studies of cyanidin-3-glucoside
(C3G) found that the compound can enhance B-cell function
under conditions of glucotoxicity and oxidative stress,
alleviating endoplasmic reticulum (ER) stress, decreasing
apoptosis, and promoting insulin production. Cyanidin-3-
rutinoside (C3R) stimulates insulin release by elevating
intracellular Ca*" and raising ATP synthesis by glucokinase
up-regulation.

Anthocyanins at the transcriptional level activate
genes essential to B-cells (Insl/Ins2, Sle2a2 (GLUT2), Gek
(glucokinase), and the transcription factor PDX-1) and
regulate ion channel genes (Cav1.2, Kir6.2), thereby affecting
membrane excitability and insulin exocytosis. These data
are consistent with larger studies on dietary polyphenols that
protect B-cells against metabolic stress, but not by acting on
individual molecular targets.

Alkaloids

One of the most studied plant-derived antidiabetic
agents is berberine, an isoquinoline alkaloid found in Coptis
chinensis, Berberis species, and the bark of Phellodendron
(Phellodendron amurense tree). New 2024-2025 studies
have clarified the advanced mechanisms of action underlying
berberine’s therapeutic effects. The compound triggers the
AMP-activated protein kinase (AMPK) via LKB1-mediated

phosphorylation, thereby regulating several metabolic
processes simultaneously.
Berberine-induced increases in  AMPK activity

in skeletal muscle and adipose tissue stimulate GLUT4
translocation to the plasma membrane to enable glucose
uptake, irrespective of insulin receptor signaling, and are
significantly  beneficial in insulin-resistant conditions.
Berberine inhibits gluconeogenesis hepatically through the
AMPK-TORC?2 pathway by reducing PEPCK and glucose-
6-phosphatase (G6Pase). Recent randomized clinical trials
with the gut-targeted berberine ursodeoxycholate co-crystal
(HTD1801) showed AMPK activation and inhibition of the
gluconeogenic gene signature, with 0.5 percentage point
reductions in HbAlc compared to placebo.:2

In addition to glucose homeostasis, berberine has lipid-
lowering effects distinct from those of statins, enhancing
LDR expression and cholesterol clearance. Berberine affects
adipokine profiles as well, lowering pro-inflammatory leptin
and MCP-1 levels and increasing adiponectin levels, thereby
improving insulin sensitivity.

The main alkaloid of fenugreek (7rigonella foenum-
graecum), trigonelline, is the antidiabetic material that activates
AMPK and regulates carbohydrate metabolism. Recent results
suggest that trigonelline improves glucose tolerance and
insulin sensitivity in experimental animals, although clinical
evidence is less robust than that for berberine.l

Terpenoids and Saponins

Panax  ginseng  contains  triterpene  saponins
(ginsenosides), which have a complex metabolism. These
substances enhance insulin sensitivity by stimulating the
AMPK system and PI3K/Akt pathway. Recent network
pharmacology research indicates that ginsenosides Rbl and

Rgl are among the most important bioactive compounds that
interact with various proteins, such as PPAR-g, IRS-1, and
GLUT4, in diabetes.

Oleanolic acid is a pentacyclic triterpene that is abundant
in olive leaves, garlic, and other medicinal plants, which has
been shown to have an antidiabetic effect by both increasing
insulin secretion by pancreatic B-cells and reducing peripheral
insulin resistance. The compound binds to the TGRS receptor,
activating GLP-1 release and energy consumption while
preventing B-cell oxidative stress-related apoptosis.

Momordica charantia (bitter melon) saponins, such as
charantin and momordicosides, have insulin-like properties
and inhibit intestinal glucose absorption. Recent molecular
docking studies show that these compounds also bind several
targets in diabetes, such as B-glucosidase and protein tyrosine
phosphatase 1B (PTP1B).

Antidiabetic Medicinal Plants

Gymnema sylvestre

Gymnemic acids and gurmarin peptides are present in
Gymnema sylvestre (an herb used in Ayurvedic medicine),
which has potent antidiabetic effects, as the plant is known
as gurmar (sugar destroyer). Recent network pharmacology
and molecular docking studies in 2024 have identified
bioactive substances and their molecular targets. Gymnemic
acids exhibit a-glucosidase-inhibitory action and restore the
pancreatic B-cells in rodent diabetic models. The intestinal
glucose absorption is decreased, and the endogenous insulin
secretion is increased by the plant extracts, which act by
modulating ATP-sensitive potassium channels.1

Momordica charantia

Momordica charantia is among the most widely
researched antidiabetic plants worldwid. It has charantin
(steroidal saponin), vicine, and polypeptide-p (insulin of the
plants) in its fruit.> Recent combined computational analysis
based on network pharmacology and molecular docking has
helped elucidate the molecular pathophysiology underlying
its antidiabetic action by identifying key targets, including
PI3K, Akt, and MAPK signaling pathways. Some trials show
substantial decreases in fasting blood glucose and HbAlc
values comparable to those with metformin.

Azadirachta indica

Neem (Azadirachta indica) is a plant that incorporates
azadirachtin, nimbin, and nimbidin with proven hypoglycemic
properties. The extracts of leaves and bark enhance
insulin sensitivity and are powerful antioxidants and anti-
inflammatory agents. Recent studies have focused on neem’s
capacity to regulate the Nrf2/ARE antioxidant pathway and
to prevent NF-kB-mediated inflammation in diabetic tissues.?

Celtis tetrandra

Celltis tetrandra Roxb. is a member of the Cannabaceae
family and a promising antidiabetic plant according to
recent 2024-2025 studies. Profiling of gas chromatography-
mass spectrometry has revealed the presence of various
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bioactive compounds, including flavonoids, phenolic acids,
and terpenoids, with antimicrobial, anti-inflammatory, and
cytotoxic properties.'® Leaf extracts showed strong antidiabetic
and antihyperlipidemic effects in diabetic rats, improving lipid
profiles and characterized by protective histopathological
changes in pancreatic tissue. The results contribute to the
established use of C. tetrandra in the management of diabetes
and warrant further clinical study.

Other medicinal plants, their bioactive compounds, and
reported antidiabetic activity are shown in Table 1.

Mechanisms of Antidiabetic Action

Plant-derived bioactive compounds exert antidiabetic
effects through multiple organ-specific mechanisms, as
illustrated in Figure 1, and the details are described next.

’ B-cell protection
| insulin secretion

reduced

luconeogenesis
g 9 increased

glucose uptake

storage

improved insulin - Y a-glucosidase
sensitivity inhibition
! delayed glucose
z | absorption
tissue TS Intestine P
\Reduced blood glucose,

Fig. 1. Organ-specific mechanisms of antidiabetic action of
plant-derived bioactive compounds. Bioactive phytochemicals
induce antihyperglycemic effects in the body by acting on
several mechanisms, such as stimulation of insulin secretion
and f-cells in the pancreas, and enhancing glucose uptake in
skeletal muscle, o. -glucosidase inhibition and slowed glucose
absorption in the intestine, decreased hepatic gluconeogenesis
and glycogen storage in the liver, and enhanced insulin
sensitivity of adipose tissue, which results in low levels of blood
glucose.

Insulin Secretion Stimulation

Plant bioactive compounds stimulate insulin secretion
through multiple pathways. Sulfonylurea-like mechanisms
involve closure of ATP-sensitive potassium (KATP)
channels on B-cell membranes, causing depolarization and
calcium influx. However, unlike synthetic sulfonylureas,
phytochemicals such as gymnemic acids and naringenin exhibit
glucose-dependent insulin secretion, thereby reducing the risk
of hypoglycemia. Recent studies reveal that anthocyanins
upregulate glucokinase (GCK) expression, enhancing glucose
sensing and ATP production in B-cells.

B-Cell Regeneration and Protection

Chronic  hyperglycemia induces [-cell apoptosis
through oxidative stress, ER stress, and inflammation.
Flavonoids, including quercetin and kaempferol, protect
B-cells by upregulating antioxidant enzymes (SOD, CAT,
GPx), suppressing caspase-3 activation, and promoting

autophagy. Berberine stimulates mitochondrial biogenesis
through the AMPK-SIRT1-PGC-la axis, restoring B-cell
energy metabolism.

Enzyme Inhibition

Inhibition of a-glucosidase and o-amylase enzymes
slows carbohydrate digestion, thereby lowering blood glucose
levels. The phenolic compounds exhibit non-competitive
inhibition, unlike acarbose, and are not affected by substrate
concentration. The structure-activity relationship shows that
hydroxylation of the flavonoids is responsible for the increased
inhibitory potential.”

Glucose Uptake Enhancement

Activation of the AMPK signaling pathway is a
core mechanism for improving glucose uptake. Berberine,
resveratrol, and galegine activate the AMPK signaling
pathway by inhibiting mitochondrial Complex I and
increasing the AMP/ATP ratio. Activated AMPK increases
GLUT4 translocation to the plasma membrane in skeletal
muscle and adipose tissue, thereby increasing glucose uptake
independently of insulin action. Moreover, rosmarinic acid
activates the AMPK signaling pathway in L6 muscle cells and
increases glucose uptake.®

Antioxidant Activity

Hyperglycemia-induced oxidative stress drives diabetic
complications through ROS generation and AGE formation.
Phenolic compounds scavenge free radicals, chelate metal
ions, and inhibit lipid peroxidation. Quercetin and resveratrol
specifically inhibit the Maillard reaction, preventing protein
glycation and AGE accumulation.

Anti-Inflammatory Pathways

Chronic low-grade inflammation characterizes T2DM,
with elevated TNF-a, IL-6, and IL-1B contributing to insulin
resistance. Flavonoids suppress NF-«kB activation and MAPK
signaling, reducing proinflammatory cytokine production.
Berberine activates the AMPK-SIRT1 axis, suppressing NF-
«B and limiting MCP-1 production in adipose tissue.'?

Many medicinal plants and their bioactive compounds
have demonstrated significant antidiabetic activity and exhibit
diverse mechanisms of action, as shown in Table 1.

Challenges and Future Perspectives

Although preclinical evidence of the ability of plant-
derived antidiabetic compounds to be translated into clinical
settings appears promising, a number of obstacles hinder such
translation:

Revealing Clinical Trials: Although berberine has been
extensively studied in clinical trials, most plant compounds
have not undergone rigorous randomized controlled trials
across various population groups. Most of the evidence has
been based on in vitro research and small-animal models,
which require large-scale human studies to determine efficacy
and safety profiles.

Standardization Problems: Botanical extracts exhibit
high batch-to-batch variation in bioactive compound content
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due to geographical location, harvest timing, and processing
procedures. Phytochemical profile standardization and the
implementation of quality control markers remain the keys to
consistent therapeutic responses.

Bioavailability Limits: Oral bioavailability of many
polyphenols and alkaloids is also low due to low aqueous
solubility, high first-pass metabolism, and P-glycoprotein-
mediated efflux. This is one such instance of berberine in
which oral bioavailability is less than 1%. High-tech drug
delivery systems—such as nanoparticles, liposomes, and
phospholipid complexes—can enhance absorption and ensure
targeted delivery to tissues.

Toxicity and Dosage Concerns: High doses can cause
hepatotoxicity, nephrotoxicity, or drug interactions, though
these are considered safe. It is necessary to obtain systematic
toxicological profiling and calculate therapeutic indices.

Regulatory Frameworks: The regulatory pathways
for Herbal medicines have become complicated, with
specifications for consistency, purity, and stability similar to
those for synthetic pharmaceuticals.

The future directions include (1) applying network
pharmacology and systems biology to identify synergistic
combinations of compounds; (2) developing semi-synthetic
analogs with improved pharmacokinetics; (3) combining
metabolomics analysis with gut microbiome analysis to

Table 1.

personalize phytotherapy; (4) adopting the precision medicine-
based approaches that are based on genetic variants of drug
metabolism.

Conclusion

Plant-derived bioactive compounds offer a useful
therapeutic pool for the management of diabetes, providing
multi-target effects that address the complex pathophysiology
of metabolic disease. Recent developments between 2024
and 2026 have greatly enhanced our understanding of the
mechanisms by which phenolics, flavonoids, alkaloids, and
terpenoids regulate glucose homeostasis by activating AMPK,
inhibiting enzymes, protecting  cells, and mediating anti-
inflammatory responses. Medicinal plants, such as Gymnema
sylvestre, Momordica charantia, and newer ones which show
clinical promise through mechanistic research, include Celtis
tetrandra. Although bioavailability, standardization, and clinical
validation remain challenging, these natural compounds offer
promising opportunities for developing safer, more effective
treatments for diabetes. To maximize the therapeutic potential
of plant-derived bioactive compounds for managing diabetes
worldwide, future studies should focus on rigorous clinical
trials, sophisticated formulations, and their combination with
precision medicine to achieve the desired outcome.

An overview of plant-based bioactive compounds with documented antidiabetic properties, their sources, key phytochemical compounds,
experimental models, and mechanism of action, and significant results of major studies.

Plant source Bioactive compound(s) Eli%eerllmental Mechanism of action Key findings Reference
Momordica charantia Charantin, Diabetic animal models Insulin secretion, glucose Reduced blood glucose 15
polypeptide-p uptake

Gymnema sylvestre | Gymnemic acids Animal models B-cell regeneration Improved insulin 14
secretion

Azadirachta indica Nimbin, flavonoids In vitro / in vivo a-glucosidase inhibition | Reduced hyperglycemia 5

Celtis tetrandra Phenolics, flavonoids | Alloxan-induced rats AntloX}dant, p-cell Irpproved pancreatic 16

protection histology
Berberis vulgaris Berberine Clinical & animal AMPK activation Reduced HbAlc 12
Camellia sinensis | Catechins (EGCG) | Animal studies Antioxidant, insulin Improved glucose 19
signaling metabolism

Curcuma longa Curcumin Animal models Anti-inflammatory Reduced insulin 5
resistance

Allium sativum Allicin Diabetic rats Insulin secretion Lower blood glucose 20

Trigonella Trigonelline Human & animal Insulin sensitivity Reduced fasting glucose 5

foenum-graecum

Panax ginseng Ginsenosides Animal model B-cell protection géﬁ’trr%\lled glycemic 19

Aloe vera Aloin Animal model Glucose uptake Reduced blood glucose 20

Ocimum sanctum Eugenol Animal model Antioxidant Improved glucose 20
tolerance

Zingiber officinale Gingerols Animal model Insulin sensitivity Lower glucose levels 19
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Abstract

Background: Hesperetin is a natural dihydroflavonoid compound with multiple pharmacological activities. Previous studies have
shown that hesperetin targets multiple cellular proteins, such as cell cycle regulation, apoptosis, metastasis, tyrosine kinases,
growth factor receptors, estrogen metabolism, and antioxidant-related proteins, to inhibit tumor formation.

Methods and Results: In this study, we treated the triple-negative breast cancer cell line MDA-MB-231 with hesperetin for 24
h and extracted total RNA for RNA-seq analysis, which revealed that 1203 genes were up-regulated and 1997 genes were down-
regulated. GO clustering and KEGG enrichment analysis indicated that most of these genes played important roles in tumorigenesis
and various cellular signaling pathways. Four genes related to tumor cell apoptosis and migration, including NR4A41, CSF2, KDR,
and LRRK?2, were selected for real-time RT-PCR analysis for validation. The mRNA level changes were consistent with the
transcriptome sequencing results. Further western blot analysis of changes in the expression of the orphan nuclear receptor NR4A 1
and the apoptosis-related protein Bcl-2 showed that they may be involved in hesperetin-induced apoptosis in MDA-MB-231
cells. The current research results provide a preliminary basis for further elucidating the molecular mechanism of hesperetin
against breast cancer and for developing future clinical drugs based on hesperetin.(International Journal of Biomedicine.
2026;16(2):157-162.)
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Introduction

As a naturally occurring dihydroflavonoid compound
commonly found in citrus fruits, hesperetin (4-methoxy-3,5°,7’-
trihydroxyflavanone, C16H1406, MW 304.2713) has been
demonstrated to possess various pharmacological activities,
including antitumor, anti-inflammatory, antioxidant, antiviral,
antibacterial, antifibrotic, anti-aging, and neuroprotective
effects.L In recent years, it has garnered widespread attention
from numerous researchers. Hesperetin effectively scavenges
hydroxyl radicals and singlet oxygen in the human body,
upregulates or downregulates dysfunctional immune cells,
and activates or inhibits multiple target molecules such as p38/
MAPK, reactive oxygen species, Bcl-2, as well as related cellular
signaling pathways, thereby inducing various programmed cell
death pathways including apoptosis, autophagy and necroptosis,
exerting its diverse pharmacological functions.>* However,
due to its low bioavailability, relatively poor solubility, and
instability, there have been increasing reports in recent years
on coating, modification, and solubilization technologies for

hesperetin. These studies provide further support for enhancing
the higher application value and clinical development prospects
of hesperetin.

Breast cancer is a heterogeneous disease involving
multiple genetic and environmental factors. In recent years, it
has become one of the tumors with the highest incidence and
mortality rates globally, and it has been the most diagnosed
malignant neoplasm and the second leading cause of cancer
mortality among Chinese females in 2020.¢ Current treatments
for breast cancer primarily involve surgical interventions,
antibody-drug conjugate (ADC) therapy, immunotherapy, and
chemoradiotherapy, based on specific diagnostic biomarkers
and prognostic criteria.” Although these approaches show
certain efficacy for patients with early-stage detection, the
high individual heterogeneity of breast cancer, particularly in
triple-negative breast cancer (TNBC, characterized by negative
estrogen receptor and progesterone receptor expression, and
HER2 expression below 2+ or FISH-negative), presents
significant challenges. Due to the strong drug resistance and
high metastasis risk in these cases, effective therapeutic targets
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remain scarce, leading to limited survival outcomes. Research
on the molecular mechanisms influencing the proliferation
and migration of breast cancer cells, especially TNBC, is
now urgently needed to identify new treatment targets for this
aggressive subtype.

As a natural compound with broad-spectrum antitumor
effects, hesperetin can exert cytotoxicity against various tumor
cells while exhibiting minimal toxicity to normal cells.2? In
preliminary studies, we treated a triple-negative breast cancer
cell line MDA-MB-231 with hesperetin and observed its dose-
and time-dependent inhibition of tumor cell proliferation and
migration, along with induction of autophagy and apoptotic
cell death. Based on this, this study employed transcriptome
sequencing (RNA-Seq) to analyze differentially expressed
genes, aiming to identify functional genes influencing
cell proliferation, migration, and apoptosis, and to further
validate their roles through experimental validation, with the
expectation of uncovering the cellular signaling pathways
mediating hesperetin’s anticancer effects. This research could
provide more data and theoretical insights for molecular-level
exploration of its mechanisms.

Materials and Methods

Cell Culture and Hesperetin Stock

Breast cancer MDA-MB-231 cells were preserved at
Henan University of Technology. The cells were cultured with
RPMI 1640 medium containing 10% FBS at 37°C in a 5%
CO2 incubator. Hesperetin was purchased from Macklin Inc.
(Shanghai, China) and dissolved in DMSO solution to prepare
a concentration of 600 mM as a storage solution.
Cell RNA Extraction and Purification

MDA-MB-231 cells were treated with hesperetin (400
uM final concentration), and after 24 hours of drug treatment,
total RNA was extracted from the cells using the TRIzol
reagent (Thermo Fisher, no. 15596018, CA, USA) according
to the manufacturer’s instructions. An untreated blank group
was set up. Three replicates were set for each sample group.
The extracted RNA was measured for concentration using a
NanoDrop 2000 (Thermo Fisher Scientific), and its integrity
was assessed using an Agilent 2100 and a LabChip GX
(PerkinElmer LabChip GX).
Transcriptome Sequencing

After binding mRNA with oligo (dT) magnetic beads
twice, interrupting mRNA, synthesizing the first strand of
cDNA, synthesizing the second strand of cDNA, purifying the
product, repairing the end of the cDNA strand and adding an A
base, purifying the linker product and fragment selection, PCR
amplification and product purification, the library was subjected
to quality inspection. Double-end sequencing was performed
using [llumina Novaseq 6000 (transcriptome sequencing process
was entrusted to Beijing Tsingke Biotech Co., Ltd., China).
Data Filtering and Quality Control

The raw image data files obtained from high-throughput
sequencing are converted into sequencing raw data (Raw
Data) using CASAVA Base Calling analysis. The base quality
value (Quality Score or Q-score) is an integer that maps to the
probability of base-calling errors. This experiment requires

an average Q30 ratio of 85% or above. mRNA fragmentation
results were simulated by mapping read positions across
various mRNA transcripts, and the randomness of mRNA
fragmentation was assessed. Furthermore, the saturation of
gene numbers with different expression levels was simulated
using the Mapped Data for each sample, and saturation testing
was performed on transcriptome sequencing data.
Data Assembly and Gene Expression Analysis

We applied HISAT2 (Hierarchical Indexing for Spliced
Alignment of Transcripts, https://dachwankimlab.github.io/
hisat2/,version:hisat2-2.2.1) to align Clean Reads with the
reference genome to obtain positional information on the
reference genome or gene, as well as unique sequence features
of the sequencing sample. The number of Mapped Reads in
different regions (exons, introns, and intergenic regions) of the
specified reference genome was counted. StringTie (version
number stringtie-2.1.6, developed by Johns Hopkins University
in collaboration with the University of Texas Southwestern
Medical Center) was used for transcript assembly and prediction
of expression levels, and FPKM (Fragment Per Kilobase of
transcript per Million fragment mapped, per kilobase transcript
fragment/million mapped reads) was used as an indicator to
measure transcript or gene expression levels.
Screening and Analysis of Differentially Expressed Genes

The DESeq2 software was applied to perform
differential gene expression analysis between sample groups.
A fold change greater than 2 and a false discovery rate (FDR)
parameter less than 0.05 was used as the screening criteria
(using the Benjamin Hochberg correction method to correct
the significance p-values obtained from the original hypothesis
test, and using FDR as the key indicator for differential gene
screening). Moreover, hierarchical clustering analysis and
functional annotation of the selected differentially expressed
genes were performed, along with GO functional and KEGG
pathway enrichment analyses of the expressed genes.
RT-qPCR

Based on transcriptome sequencing analysis, four
differentially expressed functional genes, CSF2, KDR, NR4Al,
and LRRK2, which affect cell proliferation, apoptosis, and
autophagy, were randomly selected for RT-gPCR validation
analysis. The briefprocess is to collect MDA-MB-231 cells treated
with hesperetin and extract total RNA using a cell total RNA
extraction kit (Beijing Qingke Biotechnology Co., Ltd., Beijing).
After reverse-transcribing it into cDNA, the RT-qPCR reaction
system was prepared according to the procedures of the SYBR
qPCR Master Mix kit (Nanjing Novozymes Biotechnology Co.,
Ltd.), and the reaction was detected using the Eppendorf PCR
System instrument. The data were calculated using the 2-44¢
method (experiment was repeated three times in parallel). The
primer sequences required for the experiment were as follows:

CSF2-F: GCCTCACCAAGCTCAAGGG, CSF2-R:
TCATCTGGCCGGTCTCACTC

KDR-F: CGGTCAACAAAGTCGGGAGA, KDR-R:
TCCCACATGGATTGGCAGAG

NR4A1-F: CCTCGCCTTGGTTGGAGG, NR4AI-R:
CTCGGTGCTGGTGTCCCATA

LRRK2-F: CCTGGATCTTTCAACTCGTCG, LRRK2-R:
GTCCCAAACGGTCAAGCAAG
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Western Blot

After protein extraction from MDA-MB-231 cells
treated with hesperetin, subsequent immunoblotting
was performed using conventional methods.2 The brief
procedures are as follows: The proteins were first analyzed
by SDS-PAGE (labeled with color prestained markers)
and then transferred onto nitrocellulose membranes (NC
membrane, Beijing Solarbio Technology Co., Ltd.). After
blocking the NC membranes with a 5% skim milk powder
solution diluted with TBS buffer for 1 h, the membranes were
incubated with primary antibodies against NA4R1 or Bcl-2
for 16-18 h at 4 °C, respectively. After washing three times
with TBS buffer, the NC membranes were further incubated
with secondary antibody (sheep anti-mouse IgG produced by
LiCOR Bioscience, USA) for 4 h at 4 °C. After washing with
TBST buffer three times (7 minutes each time), the blots in
the NC membranes were scanned and saved using an Odyssey
infrared laser imager.

Results

Quality Control of Sequencing Data

To investigate the effect of hesperetin treatment on gene
expression in MDA-MB-231 cells, we set up three blank
control groups (C1, C2, and C3) and three MDA-MB-231
cell groups (T1, T2, and T3) treated with hesperetin (400
pu M) for 24 h each for RNA-seq analysis in this study. The
correlation analysis of biological replicates showed that the
r-values between the dosing groups T1, T2, and T3, and the
blank groups C1, C2, and C3 were close to 1.000, while the
r-values between the two groups were 0.773~0.681 (Figure
1) (according to the Pearson correlation coefficient r-index,
r>0.95 is significant correlation, and 0.5 < r < 0.8 is moderate
correlation). The results indicated a strong correlation between
intra-group duplicate samples in the hesperetin treatment
group and the control group, while the correlation between the
two groups was weak, indicating that the experimental sample
selection is reasonable and the conditions are reliable.
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Fig. 1. Correlation analysis of gene expression between
different samples. CI1, C2, and C3 denote different
control duplicates, while T1, T2, and T3 stand for three
hesperetin treatment samples, respectively.

In addition, by comparing the sequencing base
information with the human genome, the total Clean data of
the sequencing samples was 37.71 Gb, and the average Q30
ratio was above 93.64% (Table 1). The sequencing results
indicate that the data quality of this study is qualified, and all
samples meet the basic requirements for library sequencing.

Table 1.
Statistical analysis of sequencing data quality control.
Sample ID Clean reads| Clean bases Gg (ng)got)ent QS(;\S;%P’%
Control 1 (C1) | 21563838 | 6464239479 |  49.70 93.64
Control 2 (C2) | 21278783 | 6377945170 50.01 95.03
Control 3 (C3) | 20657474 | 6192076317 | 49.83 94.31
Test 1 (T1) | 20275484 | 6077236081 49.56 94.94
Test 2 (T2) 19147049 | 5739575817 | 49.28 95.00
Test 3 (T3) | 22887520 | 6860538159 | 49.48 95.36

Note: Clean reads, total number of pair-end reads in Clean Data; GC
content, the percentage of G and g bases in the total bases in Clean
Data; >Q30%, the percentage of bases with a Clean Data quality
value greater than or equal to 30.

Overall Analysis of Differentially Expressed Genes

The screening criteria for differentially expressed genes
were based on a multiple difference of > 2 (equivalent to an
absolute value of log2FC > 1) and a g-value<0.05 (p-value
correction). The number of differentially expressed genes
between the experimental and control groups was counted.
Amongthem, 3200 genes were differentially expressed (DEGs),
including 1203 up-regulated and 1997 down-regulated genes,
indicating that hesperetin affects the transcription levels of
multiple genes. Cluster analysis was performed on genes with
the same or similar expression patterns (Figure 2A), and the
control and experimental groups showed good reproducibility.
The volcano plot (Figure 2B) visually displays the overall
distribution of differential gene expression levels and fold
differences between two groups.

ke VOIFDR)

[
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Fig. 2. Cluster heatmap of differentially expressed genes in hesperetin-
treated MDA-MB-231 cells (A, Different columns represent different
samples and different rows represent different genes. Colors represent
the log10 expression levels of genes in the samples) and volcano plot
(B, Green dots represent down-regulated differentially expressed genes,
red dots represent up-regulated differentially expressed genes, and black
dots represent non-differentially expressed genes).
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Clustering of Differentially Expressed Genes and KEGG
Annotation

Further Gene Ontology analysis was conducted on 3200
differentially expressed genes induced by hesperetin in MDA-
MB-231 cells, which were classified into three functional
categories: Molecular Function (MF), Cellular Component
(CC), and Biological Process (BP). Among them, there are
relatively more differentially expressed genes involved in
intracellular metabolic processes and molecular functions
such as cell membrane binding, catalysis, and regulation of
molecular signaling pathways.

On this basis, further KEGG (Kyoto Encyclopedia of
Genes and Genomes) annotation analysis was performed on
differentially expressed genes in MDA-MB-231 cells treated
with hesperetin. The results showed that the differentially
expressed genes had the highest number of genes involved in
anti-tumor related pathways, with 105 genes, accounting for
8.95% (Figure 3, marked in red). In addition, 29 genes (2.47%)
were related to cell apoptosis. There are 60 genes related to
the MAPK signaling pathway, all of which can regulate cell
proliferation and apoptosis. Besides that, hesperetin treatment
of cells also led to differential expression of 70 genes (5.97%)
in the PI3K-Akt pathway, most of which are related to cellular
autophagy, migration, and apoptosis. These data provide
direction for further in-depth study on the molecular anti-
proliferative mechanism of hesperetin on MDA-MB-231 cells.
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Fig. 3. Classification of differentially expressed genes KEGG in
hesperetin-treated MDA-MB-231 cells. The vertical axis shows
the name of the KEGG metabolic pathway, and the horizontal
axis shows the number of genes annotated to this pathway and
their proportion to the total number of annotated genes.

Enrichment Analysis of Differentially Expressed Genes in
KEGG Pathway

Using the metabolic pathways represented in the KEGG
database as units of analysis, hypergeometric testing was
applied to identify pathways that are significantly enriched in
differentially expressed genes compared to the entire genome
background. Figure 4 shows the top 20 pathways with the
lowest Q-values in the KEGG enrichment analysis (the lower
the Q-value, the more significant the enrichment). These
pathways involve TGF-f signaling pathway, NOD like receptor
signaling pathway, microRNAs in cancer, longevity regulation
pathway (multi species), JAK-STAT signaling pathway, anti-
folate resistance, ECM receptor interaction, toxoplasmosis,
steroid biosynthesis, relaxin signaling pathway, Kaposi

sarcoma associated herpesvirus infection, cancer pathway, IL-
17 signaling pathway, measles, small cell lung cancer, herpes
simplex virus | infection, whooping cough, TNF signaling
pathway, legionellosis, AGE-RAGE signaling pathway in
diabetes complications, etc. Among them, the proportion
of differentially expressed genes involved in pathways in
cancer is the highest (Figure 4), which again confirms the
disturbance of MDA-MB-231 tumor cell-related signaling
pathways caused by hesperetin treatment, providing guidance
for further identification of functional genes that affect tumor
cell proliferation and death.
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Fig. 4. Scatter plot of KEGG pathway enrichment for differentially
expressed genes in hesperetin-treated MDA-MB-231 cells.

RT-qPCR and Western Blot Validation of Differentially
Expressed Genes

Based on the differential gene GO clustering and KEGG
pathway enrichment analysis results, we further selected four
genes related to tumor cell apoptosis and migration, including
nuclear receptor 4A1 (NR4Al), colony stimulating factor 2
(CSF2), kinase insert domain receptor (KDR), and leucine
rich repeat kinase 2 (LRRK?2), for RT-qPCR analysis to further
verify the reliability of transcriptome sequencing. The results
showed that after treatment with hesperetin in MDA-MB-231
cells for 24 h, the mRNA levels of NR4A1, CSF2, and KDR
were upregulated, while the mRNA level of LRRK2 decreased
(Figure 5A), which were consistent with the trend of RNA-seq
analysis, proving the high reliability of sequencing in this study.
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Fig. 5. A. Changes in mRNA level (CSFE, LRRK2, KDR, and
NR4A1) of relevant differential genes detected by fluorescence
quantitative PCR in hesperetin-treated MDA-MB-231 cells
(*p<0.05, ***p<0.001). B. Western blot analysis of NR441 and
Bcl-2 protein expression. tect protein expression.

To further verify the expression changes of key functional
genes and the potential anti-proliferative mechanism in
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hesperetin-treated MDA-MB-231 cells, the NR4A1 gene was
selected for western blot analysis to assess its expression.
Previous research confirmed that the orphan nuclear receptor
NR4A1 can induce mitochondrial apoptosis by exposing the
BH3 domain of the anti-apoptotic protein Bcl-2, leading to
conformational changes in Bcl-2. This study found that after
hesperetin treatment, NR4A1 and Bcl-2 expressions increased
in a dose-dependent manner (Figure 5B). It is speculated that
the synergistic effect of the two proteins is involved in the
hesperetin-induced apoptosis process of MDA-MB-231 cells.

Discussion

As an important natural dihydroflavonoid compound,
hesperetin has been shown to exhibit strong anti-tumor
effects, although the specific molecular mechanisms remain to
be further explored. Previous studies showed that hesperetin
can inhibit the proliferation of breast cancer cells by acting as
an epigenetic modulator of gene expression.!2 In addition,
hesperetin can inhibit breast cancer stem cells and, when
combined with other agents, achieve a synergistic anti-tumor
effect by targeting p53, PPARG, Notch, and other signal
transduction pathways.14

In order to further explore the anti-proliferative molecular
mechanism on breast cancer cells, we selected the triple-negative
breast cancer cell line, MDA-MB-231, as a cell model, and used
transcriptome sequencing to study the differential expression of
functional genes after hesperetin treatment, aiming to screen
important functional proteins involved in regulating cell
proliferation, migration, and influencing various cell signal
pathways. As a mature high-throughput RNA sequencing
technology, RNA-seq can obtain millions of readings in
each experimental sample, enabling high-resolution study
of any cellular transcriptome changes and obtaining valuable
clues about the organism’s response to specific stimuli.l316
Our current research showed that, compared with the blank
control group, the numbers of upregulated and downregulated
genes were 1203 and 1997, respectively, in hesperetin-treated
cells. Subsequent gene cluster analysis and KEGG pathway
enrichment analysis revealed that the largest number of genes
are involved in tumorigenesis; furthermore, numerous genes
are involved in modulating signaling pathways, such as tumor
cell proliferation and apoptosis. This suggested that hesperetin
treatment can affect tumor cell survival-related functional genes,
thereby inhibiting the proliferation of MDA-MB-231 cells.

Previous studies have shown that hesperetin targets
multiple cellular proteins, such as cell cycle regulation,
apoptosis, metastasis, tyrosine kinases, growth factor
receptors, estrogen metabolism, and antioxidant-related
proteins, to inhibit tumor formation.!” Based on transcriptome
sequencing data analysis, four differentially expressed genes
(NR4A1, CSF2, KDR, and LRRK?2) related to tumor cell
proliferation, migration, and apoptosis were further screened
and validated by RT-qPCR. The trends in mRNA levels
were consistent with transcriptomic sequencing, further
demonstrating the reliability of RNA-seq in this study. On
this basis, the orphan nuclear receptor NR4A1 was also
selected for western blot analysis to assess its translation

level. We found that in hesperetin-treated MDA-MB-231
cells, both NR4A1 and the apoptosis-related protein Bcl-
2 were upregulated in a dose-dependent manner. Previous
literature has shown that NR4A1 can be located in the gene
body and 3’UTR regions of immediate early genes in cells,
inhibits the transcriptional elongation of RNA polymerase II,
and that its ectopic expression enhances the tumorigenesis
of breast cancer cells.®® Preliminary studies on retinoids and
apoptosis inducers have suggested that their cytotoxic activity
is NR4A1 dependent and involves drug-induced NR4Al
nuclear export and mitochondrial pro-apoptotic NR4A1-
Bcl-2 complex formation.*>2 Orphan members of the nuclear
receptor family, lacking the BH3 domain, can bind to Bcl-2
and regulate its effects on cell apoptosis and autophagy.?'The
endogenous apoptotic pathway of cells (also known as the
mitochondrial pathway) is initiated by various intracellular
signals, mainly regulated by the Bcl-2 family, which comprises
pro-apoptotic and anti-apoptotic proteins that together control
the permeability of the mitochondrial outer membrane.?2 In
this study, we found that NR4A1 and Bcl-2 exhibit a dose-
dependent upregulation, which may play an important role
in hesperetin’s anti-proliferative effect on breast cancer cells.
In fact, our recent study has shown that hesperetin indeed
induces apoptosis and autophagy in MDA-MB-231 cells. In
the future, further exploration can be conducted to determine
whether the two proteins exhibit a synergistic effect and
participate in hesperetin-induced mitochondrial apoptosis in
MDA-MB-231 cells. However, current research undoubtedly
lays the foundation for such future study.

Conclusion

Through RNA-seq analysis, combined with RT-qPCR
and western blot validation, we preliminarily identified several
differential gene expression changes that affect the death of
breast cancer cells MDA-MB-231 induced by hesperetin,
discussed the possible functional role of NR4A1 protein in it,
and provided a preliminary basis for the future in-depth study
of the molecular mechanism of hesperetin’s anti-tumor effect
and the development of clinical drugs based on hesperetin.
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Abstract

Background: Colorectal cancer progression is influenced by interactions between tumor cells and the stromal area. Nuclear factor
kappa B (NF-«B) and matrix metalloproteinase-9 (MMP-9) contribute to cancer expansion, while tumor-infiltrating lymphocyte
(TIL) density influences the host immune response. However, their complexity remains unclear. Therefore, this study aimed to
integrate an analysis of the correlation between NF-kB, MMP-9, and TIL density with TNM stage in colorectal cancer.

Methods and Results: Fifty colorectal cancer paraffin blocks were analyzed. NF-kB and MMP-9 expression were evaluated by
immunohistochemistry, while TIL density was assessed using hematoxylin-eosin (HE) staining. Correlations with TNM stage
and its components were analyzed using Spearman’s correlation test. NF-kB expression correlated positively with N stage (p =
0.013). MMP-9 expression had a positive correlation with T stage (p = 0.000), M stage (p = 0.036), and TNM stage (p = 0.001).
In contrast, TIL density showed an inverse correlation with T stage (p = 0.010), N stage (p = 0.003), and TNM stage (p = 0.001).
NF-xB expression correlated positively with MMP-9 (p = 0.021), but not with TIL density.

Conclusion: NF-kB and MMP-9 expressions contribute to progression, while TIL density contributes to the antitumor response in
colorectal cancer. An integrated analysis of the biomarkers showed a dynamic interaction between tumor molecular changes and
the host immune response.(International Journal of Biomedicine. 2026;16(2):163-168.)

Keywords: transcription factor * matrix metalloproteinase * immune response * cancer

For citation: Trianto HF, Mastutik G, Suprabawati DGA, Handini M, Mahyarudin M. An Integrated Analysis of NF-xB, MMP-
9 Expression, and Tumor-Infiltrating Lymphocytes Density in Correlation with TNM Stage of Colorectal Cancer. International
Journal of Biomedicine. 2026;16(2):163-168. doi:10.21103/Article16(2) OA2

Abbreviations

NF-kB, nuclear factor kappa B; MMP-9, matrix metalloproteinase-9; TILs, tumor-infiltrating lymphocytes.

Introduction the TNM (tumor, lymph nodes, metastasis) stage established

by the American Joint Committee on Cancer (AJCC).22 The

Colorectal cancer is ranked second with the highest TNM stage reflects the biological and molecular conditions of

mortality rate worldwide.! Several examination variables can the tumor associated with the proliferation and progression of
be used to predict outcomes and therapy options, including cancer cells.*
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Nuclear factor kappa B (NF-kB) is a transcription factor
associated with the immune response, apoptosis regulation, and
progression of various cancers, including colorectal cancer.>¢
Its activation can trigger various molecules that enhance the
ability of cancer cells to migrate, invade, and metastasize.®?
Among the kinds of molecules is matrix metalloproteinase-9
(MMP-9), which has matrix degradation capabilities and
facilitates tumor invasion.! Increased MMP-9 expression is
associated with advanced stage and high-grade tumors.?

In addition to influencing cancer progression, NF-
kB plays a crucial role in inflammation and the immune
response.”!? A component of the immune response in cancer is
tumor-infiltrating lymphocytes (TIL), which are discovered in
the tumor stroma.! Several studies have shown a relationship
between TIL density and clinicopathological characteristics
with survival rates in colorectal cancer patients.!#2

Although NF-kB activation, MMP-9 expression, and
TIL density have been studied individually in colorectal
cancer, an integrated analysis of their interrelationships and
correlations with clinicopathological characteristics remains
limited. The interaction between the inflammatory process
and cancer progression remains poorly understood. Therefore,
this study aims to evaluate the correlation between NF-kB,
MMP-9 expression, and TIL density with TNM stage in
colorectal cancer. Clarifying the associations may provide
a more comprehensive understanding of the interplay
between inflammation, invasion, and immune response in the
progression.

Materials and Methods

This observational analytical study used 50 colorectal
cancer paraffin blocks from the Anatomical Pathology
Laboratory of Dr. Soedarso General Hospital, Pontianak,
West Kalimantan, Indonesia, between 2020 and 2023.
Inclusion criteria included paraffin blocks from resection
specimens, a diagnosis of adenocarcinoma, and data on
depth of invasion (T stage), lymph node spread (N stage),
distant metastasis (M stage), and TNM stage. Observations
were conducted on hematoxylin-eosin (HE) slides and
by immunohistochemistry (IHC) using two blinded
pathologists. Ethical approval was obtained from the
Health Research Ethics Committee of Dr. Soedarso General
Hospital (No. 96/RSUD/KEPK/X1/2024).

Immunohistochemistry (IHC)

Paraffin blocks were sectioned at 4 um, deparaffinized
using xylene, and rehydrated with alcohol. Antigen retrieval
was performed at 95°C in a decloaking chamber with pH
9 for 30 minutes. Slides were then incubated with NF-xB
(Cat#BF0466, Affinity Biosciences, USA; dilution 1:200) and
MMP-9 primary monoclonal antibodies (IHC109, GenomeMe,
Canada; dilution 1:200) at room temperature for 60 minutes.
Washing was conducted twice with phosphate-buffered saline,
followed by polymer and 3,3’-diaminobenzidine for 5 minutes
each. Counterstaining was performed with hematoxylin. This
was followed by dehydration in graded alcohol concentrations
and clearing with xylene.

TIL Density Assessment

TIL density was assessed based on the percentage of
mononuclear cells (lymphocytes and plasma cells) in the entire
tumor stroma on HE slides. Observation criteria were based
on a modification of the TIL working group method." TIL was
observed at 10x objective magnification and classified into
three groups, namely low (0-10%), moderate (11-50%), and
high (51-100%).

NF-kB and MMP-9 Expression Evaluation

NF-kB and MMP-9 expression were examined using
IHC staining. NF-xB expression was observed in the nucleus,
while MMP-9 expression was observed in the cytoplasm of
tumor cells. NF-kB and MMP-9 expressions were assessed
using the semiquantitative H-Score method. This combined the
intensity and number of stained tumor cells across the entire
field of view. H-Score assessment results were categorized
as negative (0-49), weak (50-99), moderate (100-199), and
strong (200-300).12

Statistical Analysis

Observation data were presented as frequencies and
percentages. Furthermore, statistical analysis was performed
using SPSS 25 software. The Spearman’s correlation test
was used to assess the strength and direction of a monotonic
relationship between two variables. A p-value of < 0.05 was
considered statistically significant.

Results

The sample consisted of 50 colorectal cancer patients,
comprising 29 men and 21 women, with the majority aged 51-
60 (36%). The histopathological types were Adenocarcinoma
NOS (86%) and Mucinous Adenocarcinoma (14%), with the
most common grade being well-differentiated (58%). In this
study, the most common T Stage was T3 (64%), while the
most common N and M Stages were NO (54%) and MO (76%).
The most common TNM stage was Stage Il (26%) and III
(26%), with sample characteristics presented in Table 1.

The entire sample showed NF-kB expression, as
evidenced by nuclear staining in tumor cells (Figure 1). Most
of the expressions were moderate (56%) as detailed in Table 1.
There was a significant relationship between NF-kB expression
and N stage (p = 0.013) with a correlation coefficient (r) of
0.350. No significant relationship was observed between NF-
kB expression and T stage (p = 0.160), M stage (p = 0.468),
and TNM stage (p = 0.086) (Table 2).

This study showed that MMP-9 expression was
predominantly moderate (56%) (Table 1) and was observed
in the cytoplasm of tumor cells. Spearman’s correlation test
results showed a significant, positive correlation between
MMP-9 expression and T stage (r = 0.580, p =0.000), M stage
(r=0.298, p =0.036), and TNM stage (r = 0.446, p = 0.001).
MMP-9 was not significantly correlated with N stage (p =
0.050) (Table 2).

Most TIL density in this study was in the moderate
category (76%) as detailed in Table 1. TIL was assessed
in the stromal area surrounding the tumor, as presented in
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Figure 1. TIL showed significant negative correlations with
T (r =-0.361, p = 0.010), N (r = -0.418, p = 0.003), and
TNM stage (r =-0.454, p=0.001). TIL was not significantly
correlated with M stage (p = 0.056) (Table 2).

Spearman’s test showed a positive correlation between
NF-«kB and MMP-9 (r = 0.325, p = 0.021). These results
suggest that increasing NF-kB expression is associated with
elevating MMP-9 expression. NF-kB was not significantly
correlated with TIL (r=-0.117, p =0.418) (Table 3).

Table 1.
Sample Characteristics
Parameters n (%)
Age (Years)
21-30 2 (4)
31-40 2 (4)
41-50 5(10)
51-60 18 (36)
61-70 14 (28)
>70 9 (18)
Sex
Men 29 (58)
Women 21 (42)
Histopathological type
Adenocarcinoma, NOS 43 (86)
Mucinous adenocarcinoma 7 (14)
T Stage
T1 3(6)
T2 10 (20)
T3 32 (64)
T4 5(10)
N Stage
NO 27 (54)
N1 12 (24)
N2 11 (22)
M Stage
MO 38 (76)
Ml 12 (24)
TNM Stage
I 12 (24)
I 13 (26)
11 13 (26)
v 12 (24)
NF-«B Expression
Negative 0(0)
Weak 12 (24)
Moderate 28 (56)
Strong 10 (20)
MMP-9 Expression
Negative 0(0)
Weak 19 (38)
Moderate 28 (56)
Strong 3(6)
TIL Density
Low 2 4
Moderate 38 (76)
High 10 (20)

Fig 1. Immunohistochemical staining of NF-xB and
MMP-9 (Objective, 40x) and hematoxylin-eosin staining
of TILs (Objective, 10x). (4) Weak expression of NF-kB;
(B) Moderate expression of NF-«kB; (C) Strong expression
of NF-xB; (D) Weak expression of MMP-9; (E) Moderate
expression of MMP-9; (F) Strong expression of MMP-9; (G)
Low TILs density; (H) Moderate TILs density, (I) High TILs
density.

Table 2.

Correlation between NF-kB, MMP-9, and TIL density with
clinicopathological parameters.

NF-kB (n=50) | MMP-9 (n=50 | TILs (n=50)
Parameters

p-value| r |p-value| r | p-value r
T Stage 0.160 | 0.202 | 0.000 [0.580| 0.010 |[-0.361
N Stage 0.013 | 0.350 | 0.050 [0.279| 0.003 |-0.418
M Stage 0.468 | 0.105 | 0.036 |0.298| 0.056 |-0.272
TNM Stage 0.086 | 0.245 | 0.001 |0.446| 0.001 [-0.454

Table 3.

Correlation between NF-xB with MMP-9 expression and TIL
density.

Parameters NF-«B " alue
Weak Moderate Strong p-vaiu
MMP-9
Weak 6 7 1
Moderate 3 18 9 0.325 0.021
Strong 1 3 2
TIL density
Low 0 3 2
Moderate 8 19 8 -0.117| -0.418
High 2 6 2
Discussion

The majority of the sample were male (58%) and aged
51-60 years (36%). The change from precancerous lesions
to colorectal cancer takes approximately 10-25 years, and
most incidents occur in people over the age of 50 years.l161
Furthermore, men have a 20.4% higher risk of colorectal
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cancer than women. This is related to various factors such
as tobacco exposure, mutations of several tumor suppressor
genes linked to sex chromosomes, and a lower immune
response around the tumor.!#

The TNM stage is a classification system that assesses
tumor invasion, lymph node involvement, and distant
metastasis related to prognosis and therapy options in
colorectal cancer.*™ The five-year survival rate decreases with
increasing stage, from 0.85 in Stage I to 0.30 in Stage IV.2
Based on observation, most of the samples were T3 (64%),
NO (54%), and MO (76%). Tsabit et al.2 and Yao et al.2 also
showed that most tumors were T3. Patients with T3 tumors had
a 1.29 times greater risk of death compared to T1.2 Metastatic
colorectal cancer is related to several gene mutations, such as
KRAS, PIK3CA, BRAF, and ERBB2, which are associated
with a poor prognosis.?

The expression of NF-kB in this study shows a
positive correlation with N stage. This signified that NF-xB
expression increases with increasing lymph node metastasis.
The result is in line with studies conducted by Farhat et al.#
in patients with nasopharyngeal carcinoma and Berkovich et
al.2 in colonic cancer. A relationship was observed between
NF-xB overexpression and the occurrence of lymph node
metastasis. NF-xB plays an important role in tumor cell
invasion and migration by activating transcription factors in
epithelial-mesenchymal transition (EMT), such as TWIST1
and SNAIL.7? Furthermore, it can increase the degradation
of the extracellular matrix by upregulating various types of
degradation enzymes, including MMP-9.7826 The results of
this study support the above theory by obtaining a positive
correlation between NF-kB and MMP-9 expression, featuring
a biological relationship and signaling pathway between the
two molecules. The NF-kB and MMP-9 signaling pathways,
which influence tumor progression and metastasis, are related
to reactive oxygen species (ROS) as well as the PI3K and
AKT pathways.2

Matrix metalloproteinase-9 expression in this study
correlated with cancer progression. Its significant positive
correlation with tumor depth, distant metastasis, and TNM
stage emphasized the crucial role in both local invasion and
metastatic spread. The results are consistent with previous
studies showing a relationship between MMP-9 and various
clinicopathological factors in colorectal cancer.®?’ MMP-9
degrades gelatin and collagen, facilitating tumor cell passage
through the basement membrane and extracellular matrix to
other sites.2’#® It can influence vascular endothelial growth
factor (VEGF)inangiogenesis, thereby increasing the incidence
of metastasis.”® Tumor-infiltrating lymphocytes density
showed significant inverse correlations with tumor depth,
lymph node status, and TNM stage, suggesting a protective
role for antitumor immune responses in colorectal cancer.
The results are supported by several other studies that show
significant relationships between TIL and depth of invasion,
lymphovascular invasion, lymph node status, and grading.!2
The TIL components are mostly CD8+ T lymphocytes, which
can destroy tumor cells.’?? This destruction is mediated by
the secretion of perforin and granzyme and the production of
various pro-inflammatory cytokines, such as tumor necrosis

factor o (TNF-0) and interferon-y (IFN-y).! Additionally,
a subset of lymphocytes, namely CD4+ T lymphocytes,
enhances the immune response by activating B lymphocytes,
T lymphocytes, and macrophages.!*3°

Although NF-«B plays a crucial role in the inflammatory
process, this study discovered no significant association with
TIL density. The NF-kB-mediated antitumor immune response
in cancer is a complex process that involves various factors
in the tumor microenvironment (TME), including TILs,
dendritic cells (DCs), macrophages, natural killer (NK) cells,
and cytokines such as interleukin-6 (IL-6) and TNF-q.2263!
The nuclear factor can indirectly influence TIL by activating
DCs, which act as antigen-presenting cells (APCs), presenting
tumor antigens to CD8+ T lymphocytes.* Additionally,
activation of B and T lymphocytes by NF-kB is influenced
by activation of surface immune receptors such as the B-cell
receptor (BCR) and T-cell receptor (TCR).%

In conclusion, this study showed that tumor-promoting
signaling pathways were mediated by NF-kB and MMP-
9, and protective immune responses were reflected in TIL
density. The opposing correlations of MMP-9 expression
and TIL density with TNM stage supported the concept that
colorectal cancer progression is determined by the dynamic
interaction between molecular drivers of invasion and the host
immune response. This integrated analysis provided a more
comprehensive understanding of tumor behavior than the
assessment of individual biomarkers.
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Abstract

Background: In Eastern Europe, where late cancer diagnoses are frequent and survival rates are low, gastric cancer continues to
be a leading cause of cancer-related death. The data on relapse-free survival (RFS) and the factors that influence it in Albania are
scarce.

Methods and Results: A total of 221 adult patients with histologically confirmed gastric cancer at the Oncology Service at the
University Hospital Center “Mother Teresa” participated in this 60-month follow-up prospective longitudinal observational study.
The Kaplan-Meier method was used to estimate relapse-free survival, and multivariate Cox proportional hazards regression was
used to evaluate prognostic factors.

Relapses occurred in 37.1% of patients during follow-up. The median relapse-free survival was 28.0 months (95% CI: 25.04—
30.96). When compared to diffuse gastric cancer, the intestinal type was independently linked to a lower risk of relapse (HR =
0.32; 95% CI: 0.19-0.53). Relapse risk was strongly correlated with increasing lymph node involvement (N1: HR = 5.31; N2: HR
=6.53; N3: HR =9.59). Age, radiotherapy, adjuvant therapy, and tumor depth did not independently correlate with RFS. A higher
risk of relapse was linked to a positive family history of gastric cancer (HR = 10.87).

Conclusion: The histopathological subtype and lymph node status at diagnosis were the main factors influencing relapse-free
survival in this group of gastric cancer patients in Albania. These findings highlight the importance of early detection, accurate
staging, and follow-up strategies adapted to the risk level in gastric cancer care.(International Journal of Biomedicine.
2026;16(2):169-177.)
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Introduction

Gastric cancer is one of the most frequent causes of cancer
morbidity and mortality. In several high-income countries,
the incidence of this health condition is gradually declining.
However, in most parts of Eastern Europe, Asia, and Latin
America, the burden of gastric cancer remains high.! Currently,
gastric cancer is responsible for over a million new cancer

cases and is one of the most frequent causes of cancer-related
mortality.r It is also important to note that most patients are
diagnosed at a late stage, and the survival outcomes are dismal.
In this context, there is no doubt that gastric cancer is a global
health concern, deserving increased attention.

The variability of gastric cancer prognosis is one of the
most complicated problems in this field. Each specific case of
gastric cancer prognosis is the result of a tumor-specific, patient-
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specific, and treatment-specific set of parameters. The extent of
tumor infiltration and the presence of lymphatic spread at the
time of diagnosis are the most important survival determinants
and those that most consistently impact prognostic outcomes.??

Additionally, there are also different histopathological
subtypes of gastric cancer. A commonly used histopathological
classification of gastric cancer is the Lauren classification.
Based on this classification, there are 2 groups: the intestinal and
diffuse types. The diffuse type is the one that usually results in a
more negative gastric cancer prognosis, as it is characterized by
poorer outcomes and more advanced tumor aggressiveness.*?
Still, how each of these factors affects cancer progression
likely varies across populations, health care environments, and
treatment strategies.

The relapse of the disease after intentional clinical
treatment continues to be a critical inflection point in the disease’s
trajectory and is closely correlated to long-term survival. For this
reason, the oncology community has recognized relapse-free
survival (RFS) as a critically important indicator for assessing
outcomes in both clinical trials and observational studies; this
clinical endpoint reflects both the malignancy’s characteristics
and the efficacy (or lack thereof) of the surgical and adjuvant
interventions performed.® Most studies published in the
international literature in this field suggest that the greatest risk
of relapse seems to be within the first two to three years after
diagnosis or surgical intervention, highlighting the need for
careful monitoring of these patients and the prompt diagnosis
of patients within the highest risk categories.” There is a relative
scarcity of evidence from real-world cohorts in Southeastern
and Eastern Europe, as most relevant literature stems from
large international studies on relapse-free survival and its
prognostic factors conducted in developed countries. Data from
Albania is particularly troubling, as gastric cancer is still being
diagnosed at very advanced stages. Despite this, it seems that
there is still a considerable lack of scientific systematic analyses
of survival outcomes and prognostic determinants of gastric
cancer in Albania. Local scientific data is necessary, as it is
likely that diagnostic and treatment pathways, including access
to neoadjuvant and adjuvant therapies, diagnostic and follow-
up strategies, as well as differing patient control parameters,
may significantly impact the clinical outcomes and limit the
applicability potential of various findings and/or interventions
from other settings.?

Relapse patterns and predictors of relapse-free survival
in Albanian patients with gastric cancer bear clinical and
public health significance. Such knowledge can improve risk
stratification and assist in the development of tailored follow-
up plans and cancer care enhancements at the national level.
In this context, the objective of the present study was to assess
relapse-free survival rates in a cohort of patients with gastric
cancer in Albania and to identify independent prognostic factors
for disease recurrence within 60 months (5 years) of diagnosis

Methods

Study Design
This is a prospective, longitudinal, observational cohort
study conducted among patients diagnosed with gastric

cancer and managed at the Oncology Service at the University
Hospital Center “Mother Teresa” (UHCT) in Tirana, Albania.
Participating gastric cancer patients were followed from the
time of diagnosis and/or initiation of treatment and were
observed longitudinally for the occurrence of disease relapse
for a maximum follow-up period of 60 months.

Study Setting

UHCT “Mother Teresa” is Albania’s largest tertiary
referral hospital and the only public reference center for cancer
diagnosis and treatment. The Oncology Service at UHCT
delivers care to cancer patients from all regions of the country,
providing multidisciplinary cancer care that includes medical
oncology, surgical oncology, and radiotherapy, as well as
imaging and pathology services. Hence, the study participants
represent the standard clinical routine nationwide.

Study Population

The study population for this study was adult patients
with a confirmed diagnosis of gastric cancer who were treated
and/or followed at the Oncology Service of UHCT during the
study period.

The inclusion criteria were as follows: histologically
confirmed gastric cancer, age >18 years, cancer diagnosis and/
or treatment initiated at UHCT “Mother Teresa”, availability
of baseline clinicopathological data, and at least one follow-up
evaluation after diagnosis.

Exclusion criteria were patients with incomplete
diagnostic confirmation, patients who were lost to follow-
up immediately after diagnosis, patients who declined to
participate, or patients who did not provide informed consent.

The inclusion criteria were met by 221 gastric cancer
patients, and they were therefore included in the study.

Data Collection, Data Sources, and Variables

A structured data-collection form developed specifically
for this project was used to collect the necessary information
from participants. Various information sources were used,
including medical records, oncology and surgery reports,
pathology and histopathology reports, imaging records, and
follow-up visits and outpatient oncology notes.

The following categories of variables were collected and
analyzed: demographic and clinical variables (age at diagnosis,
sex); family history of gastric cancer; tumor-related variables
such as histopathological type; status of presence of signet-
ring cells; TNM tumor stage at diagnosis; treatment-related
variables, including neoadjuvant therapy, adjuvant therapy,
radiotherapy, surgery, etc., and outcome-related variables
such as relapse status. Relapses were defined based on
clinical, radiological, and/or histological evidence of disease
recurrence. When a relapse was first detected, we noted down
the date of this event. This allowed us to calculate the time to
relapse (defined as the interval of time between diagnosis and
the first documented recurrence of the disease). Obviously,
patients without documented relapses were censored at the
date of last follow-up.

Follow-Up Period

Patients were followed under routine clinical practice
at UHCT. During this time, periodic clinical evaluations,
imaging studies, and laboratory assessments were performed
as needed. Follow-up duration ranged from 7 to 60 months.
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Statistical Analysis

All statistical analyses were carried out using IBM
SPSS Statistics (version 21). Baseline characteristics were
summarized as frequencies and percentages for categorical
variables and mean =+ standard deviation (SD) and additional
statistical parameters for continuous variables. The Kaplan-
Meier method was used to estimate relapse-free survival, and
survival curves were constructed using the log-rank (Mantel-
Cox) test. The median RFS was considered the most robust
survival measure, as it is unaffected by censored observations.
A univariate Cox proportional hazards regression test was used
to identify independent predictors of RFS; those achieving
clinical relevance were entered into a multivariate Cox
proportional hazards regression model to adjust for potential
confounding factors. Hazard ratios (HRs) and their respective
95% confidence intervals (CIs) were reported. The adequacy
and goodness-of-fit of the multivariate model were assessed as
well, through omnibus tests and likelihood-based statistics. A
2-sided P-value of less than 0.05 was considered statistically
significant.

Results

Table 1 shows the information on various characteristics
of the 221 patients included in the study. The dominant sex
was male (71.5%), and the mean age of participants was 64.0
+ 9.9 years. More than 7 in 10 patients (78.7%) were aged
50-74 years, while patients younger than 50 years accounted
for a relatively small proportion of cases.

Family history of gastric cancer was reported in only
3.7% of participating patients. From a histopathological
perspective, diffuse and intestinal types were almost equally
represented, together accounting for more than 95% of
patients, while indeterminate histology was rare. Signet-ring
cell features were identified in fewer than 1 in 10 patients.

At diagnosis, more than 85% of patients presented
with locally advanced tumors (T3-T4), and nearly four out
of five showed regional lymph node involvement (N1-N3).
Distant metastases were present in approximately 20% of
cases. Regarding treatment, neoadjuvant therapy was rarely
administered, despite the advanced stage at presentation,
whereas adjuvant therapy was given to about two-thirds of
patients. Radiotherapy was used in a minority of cases (14.5%).

Table 2 presents information on relapse and the timing
of events during the follow-up period. In 37.1% of patients,
a relapse occurred, while the remaining 62.9% remained
relapse-free until the end of follow-up. Among those
patients who experienced a relapse, the mean time to relapse
was approximately 19 months, with a median relapse-free
survival of 16 months. Relapse time distribution showed
substantial variability, with events occurring as early as 7
months and as late as 45 months in this cohort of patients.
The follow-up period was slightly longer than the observed
time to relapse, with a mean duration of about 22 months and
a median duration of 19 months. Follow-up ranged from 7 to
60 months.

Table 3 summarizes the overall estimates of relapse-free
survival for the study cohort, calculated using the Kaplan-

Meier method. The mean time to relapse-free survival was
32.78 months (95% CI: 29.15-36.42), reflecting the average
duration patients remained free of recurrence during the
follow-up. In clinical terms, the median relapse-free survival
was 28.0 months (95% confidence interval: 25.04-30.96).
Half of the patients experienced relapse within approximately
28 months, while the remaining half remained relapse-free for
a longer period of time. Because it is resistant to censoring
and has a clear clinical interpretation, the median relapse-free
survival is the most reliable summary measure of the outcome
in this cohort.

Table 1.

Baseline demographic, clinicopathological, and treatment
characteristics of the study population.

Variable ﬁgf&l)%tre Percentage
Total 221 100.0
Sex

Male 158 71.5

Female 63 28.5
Age (mean + SD) 64.04 £9.92
Age group

<50 years 18 8.1

50-64 years 92 41.6

65-74 years 82 37.1

>75 years 29 13.1
Family history for gastric cancer*

No 210 96.3

Yes 8 3.7
Histopathological type of cancer*

Diffuse 107 49.1

Intestinal

Indeterminate 104 417

7 32

Status of signet cell presence

No 200 91.3

Yes 19 8.7
T stage*

TO 1 0.5

T1 5 2.7

T2 20 10.9

T3 110 59.8

T4 48 26.1
N stage*

NO 39 21.3

N1 41 22.4

N2 54 29.5

N3 49 26.8
M stage*

MO 173 80.1

Ml 43 19.9
Neoadjuvant therapy*

No 213 96.8

Yes 7 32
Adjuvant therapy*

No 67 30.5

Yes 153 69.5
Radiotherapy*

No 189 85.5

Yes 32 14.5

* Any discrepancy with the total number is due to missing information.
y pancy g
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Relapse status and relapse-free survival outcomes.

Variable Absolute number Percentage
Relapse
No 139 62.9
Yes 82 37.1

Statistical parameter

Relapse-free

Follow-up period

172

Relapse-Free Survival Analysis by Histopathological Type
of Gastric Cancer

Relapse-free survival was analyzed using the Kaplan—
Meier method to assess whether the histopathological type of
gastric cancer affects RFS (Table 4). The analysis data show
that the RFS median differs significantly between groups. In
patients with intestinal type — 31 months (95% CI: 26.149
— 35.851); in those with diffuse type —18 months, and in
those with indeterminate type — 11 months (95% CI: 8.434 —
13.566). The intestinal type was associated with the longest
RFS, while the indeterminate type was associated with the
shortest survival. On the other hand, the mean survival follows
the same trend, but this indicator has a secondary role due to
censoring (Table 4). The respective p-value from the Log
Rank (Mantel-Cox) test = 0.001 (chi-square = 13.914, df =
2) indicates a statistically significant difference in relapse-free
survival between histopathological types of gastric cancer.

survival (in months) (months)
Mean 19.05 21.56
Median 16.00 19.00
Moda 9 14
Standard deviation 9.17 10.23
Range 38 53
Minimum 7 7
Maximum 45 60
Table 3.
Mean and median relapse-free survival in the study population.
RFS mean time

) 95% CI

Time (months) | Standard error — —

Lower limit | Upper limit
32.78 1.85 29.15 36.42
RFS median time

) 95% CI

Time (months) | Standard error — —

Lower limit | Upper limit
28.00 1.51 25.04 30.96

Figure 1 shows the Kaplan—Meier curve of relapse-
free survival, showing a more pronounced decline in survival
during the first years of follow-up, a slowdown in the decline
after about 30 months, and arelatively horizontal final segment,
indicating a subgroup of patients with longer relapse-free
survival. This means that the risk of relapse is highest in the
first 2-3 years of follow-up, while patients who survive these
periods have a lower chance of later relapse. Censored cases
(the + signs) are reasonably distributed, implying there is no
massive early censoring, an indication of adequate follow-up,

and the absence of serious bias in follow-up.

Survival Function

Cum Survival

1 Survival Function
+ Censored

T T T T T
10 0 30 40 50
Follow-up period (months)

84

Figure 1. Relapse-free survival.

Table 4.
RFS according to histopathological type of gastric cancer.
Variable RFS mean time RFS median time
95% CI 95% CI
Zgrll)fe?f Time"| SE Lower| Upper Time®| SE Lower|Upper
limit | limit limit | limit
Diffuse 30.0812.11125.944134.218|18.000| - - +
Intestinal ~ [36.183[2.166[31.937140.429(31.000|2.475/26.14935.851
Indeterminate(23.143|5.850/11.677|34.609(11.000{1.309| 8.434 (13.566

SE- Standard Error; * - Time in months.

This is confirmed by the RFS curves shown in Figure 2.
The intestinal type curve remains higher during the first 2-3
years of follow-up, suggesting a better prognosis. The diffuse
type presents a more rapid decline in survival in the early
stages. The indeterminate type shows the fastest decline and
the poorest relapse-free survival.
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Figure 2. Relapse-free survival by
histopathological type of gastric cancer
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Relapse-Free Survival Analysis by the Nodal (N) Stage of
Gastric Cancer

According to Table 5, the RFS median shows a clear
downward trend with increasing level of N stage. In patients
with N1 stage — 28 months (95% CI: 26.350-29.650); in
patients with N2 stage — 26 months (95% CI: 17.543-34.457);
in patients with N3 stage — 25 months (95% CI: 18.404—
31.596). These differences were highly statistically significant
(chi-square = 16.672, df = 3; Log Rank (Mantel-Cox) test
P =0.001). For patients with stage NO, the median was not
reported, suggesting a low relapse rate or high censoring,
reflecting a more favorable prognosis. On the other hand, the
mean survival is highest in NO and decreases progressively
in N1-N3, supporting the prognostic importance of lymph
node involvement (Table 5). On the other hand, the mean
survival is highest in NO and decreases progressively in N1—
N3, supporting the prognostic importance of lymph node
involvement (Table 5).

173

Multivariate Analyses of Relapse-Free Survival (Cox
Proportional Model)

The overall performance and adequacy of the multivariate
Cox proportional hazards model used to analyze RFS were
assessed. The model demonstrated a good fit to the data, as
indicated by a statistically significant omnibus test (P <0.001).
The substantial improvement in model likelihood (coefficient
—2 Log Likelihood = 641.319; chi square = 42.140, df = 12,
P <0.001) compared with the baseline model (change in chi
square = 51.702, P < 0.001) without covariates confirmed that
the set of variables included meaningfully explains variation in
the risk of relapse. These results supported the appropriateness
of the model for identifying independent prognostic factors
associated with relapse-free survival.

Table 6 presents the results of the multivariate Cox
regression analysis, identifying independent predictors of
relapse-free survival after adjustment for potential confounders.
Histopathological type emerged as a strong prognostic factor.
Compared with diffuse-type tumors, intestinal-type gastric
cancer was associated with a significantly lower risk of relapse

Table 5.
. . . (HR = 0.32), indicating a more favorable prognosis, while
Rel - ) ding to the N st t d . . . . .
elapse-free survival according to the N stage of gastric cancer. indeterminate histology did not show an independent effect.
Variable RFS mean time RFS median time
Table 6.
Time* 95% Cl | Time* 95% Cl1 Multivariate Cox Proportional Hazards analysis of factors
N stage SE SE associated with relapse-firee survival.
Lower | Upper Lower | Upper
limit | limit limit | limit 95.0% Cl
) for HR
NO 43.561|2.924|37.831|49.292 Variable B | SE | Wald |dfiP-value] HR
Lower|{Upper
N1 27.763|1.955|23.932|31.594(28.000| .842 {26.350|29.650 limit | limit
N2 26.875(2.988(21.020(32.731{26.000(4.315| 17.543 | 34.457 Histopathological 19.627]2| 0.000
type (overall)
N3 26.819(2.236(22.437|31.201{25.000(3.365| 18.404 | 31.596 Intestinal type -1.15610.264119.2011 1| 0.000 | 0.315 [0.188] 0.528
SE - Standard Ervor: *- Time in months. Indeterminate type|-0.213(0.557| 0.146 [ 1| 0.702 | 0.808 [0.271|2.409
N stage (overall) 15.387|31 0.002
. NI stage 1.67010.589| 8.046 [ 1| 0.005 | 5.310 [1.675]16.833
This is confirmed by the RFS curves for N stages of g
gastric cancer (Figure 3). The NO stage shows the highest RFS N2 stage 1.87610.557]11.362) 1| 0.001 | 6.528 |2.193]19.431
throughout the entire follow-up period. With increasing stage N3 stage 2.260(0.583|15.024( 1| 0.000 | 9.587 |3.057[30.067
N (from NI to N3), a more rapid decline in survival and an T stage (overall) 4.494 3] 0213
increasingly lower probability of remaining relapse-free are T1 stage 0.13511.049] 0.017 | 1| 0.898 | 1.144 |0.146| 8.947
observed.
T2 stage -1.643(0.780] 4.442 | 1| 0.035 | 0.193 |10.042{0.891
T3 stage -0.137|0.272{ 0.256 | 1| 0.613 | 0.872 |0.512] 1.485
e AT, Yes -0.145(0.405 0.129 [ 1{ 0.719 | 0.865 [0.391| 1.911
104 TT i Radiotherapy, Yes |-0.534(0.361| 2.180 [ 1| 0.140 | 0.586 {0.2891.191
0s ki . il A Age (numeric) 0.01010.011] 0.764 | 1] 0.382 | 1.010 [0.988|1.032
_ 11 1 T : gi:ﬁ:i Family history, Yes|2.386 (1.041| 5.254 [ 1| 0.022 |10.872|1.413 (83.644
EW JLL AT - Adjuvant Therapy, SE - Standard Error.
E T
' - Regional lymph node involvement was the most
L powerful predictor of relapse. Compared with node-negative
i) disease (NO), progressively higher N stages were associated

T T T T
[ 10 20 @ 40 0 @

Follow-up period (months)

Figure 3. Relapse-free survival by N stages of gastric cancer.

with a marked and stepwise increase in relapse risk, with
hazard ratios rising from N1 to N3, reflecting a clear biological
gradient.
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Tumor depth (T stage) was not significant overall;
however, patients with T2 tumors had a significantly lower
risk of relapse compared with those with T4 disease, even after
multivariable adjustment. Adjuvant therapy, radiotherapy, and
patient age were not independently associated with relapse-
free survival in this model. Notably, a positive family history
of gastric cancer was associated with a substantially higher
risk of relapse, although the wide confidence interval suggests
limited precision and warrants cautious interpretation.

Discussion

This prospective cohort study is one of the first
attempts to scientifically assess the relapse-free survival
among a group of cancer patients in Albania and the factors
associated with it. The findings suggest that the gastric cancer
population in Albania is characterized by advanced disease at
the time of diagnosis, heterogencous relapse patterns, and a
survival course that seems to be largely impacted by tumor
histopathology rather than treatment modalities. These results
provide a very interesting, clinically relevant insight into the
course of gastric cancer patients at a national tertiary referral
center.

A major finding was the relatively high proportion of
patients experiencing relapse during the follow-up period
(37.1%), with a median RFS of 28 months. The median
time to relapse reported in this study is in accordance with
the international research suggesting that the period with the
highest risk of cancer relapse is within the first two to three
years following the diagnosis or treatment.421% The Kaplan—
Meier curve in our gastric cancer cohort showed a steeper
decline at the start of follow-up, followed by a plateau,
suggesting that patients who do not relapse after this point
may have a more favorable profile, including histopathological
tumor type or treatment response. These findings are similar
to those observed in various randomized controlled trials or
large observational studies, > further highlighting the clinical
importance of careful surveillance of these patients right after
treatment.

The findings of this study reported the histopathological
type of gastric cancer to be a strong and independent prognostic
factor for the relapse-free survival of these patients. The
intestinal type of gastric cancer was associated with significantly
longer relapse-free survival compared to the diffuse type of
cancer, in both univariate and multivariate analysis. This
finding is in accordance with reports from international
literature.!? More specifically, the international literature has
consolidated the fact that biological distinctions between
Lauren subtypes of gastric cancers are key determinants of
RFS among affected patients,'* with the intestinal type being
associated more frequently with glandular differentiation,
predominantly localized growth models and better response to
treatment modalities, in contrast with the diffuse type which
often exhibit more spread or infiltrative growth patterns, early
dissemination*>!* and are more resistant to treatment schemes.
1516 On the other hand, the worst median RFS observed among
patients with an indeterminate type of gastric cancer needs to
be carefully considered, given the small number of patients

with this type of gastric cancer available for analysis; however,
this could be an indication that this histopathological type
could be associated with more aggressive tumor dynamics
and/or diagnostic uncertainty at baseline.?

The spreading of the tumor and the involvement
of regional lymph nodes emerged as one of the strongest
predictors of RFS in the actual study, as shown by the strong
and positive association of Hazard Ratios with the N stage
of gastric cancer: the more advanced the cancer (the higher
the N stage), the higher the HRs (Table 6). This modality
and gradient of the association highlight the critical role of
lymphatic involvement in the progression of gastric cancer.’®
The association between the N stage of gastric cancer and the
RFSis inaccordance with reports from international literature
consistently reporting the level of lymph nodes infiltration
as a major factor in the recurrence of disease and survival
of patients.’>2 The critical role of lymph node involvement
in the prognosis of gastric cancer is also supported by the
finding that patients with intact lymph nodes (stage NO) had
a much more favorable RFS, with a considerable percentage
remaining free of disease throughout the follow-up period.
This once again highlights the importance of early detection
of the lymph node involvement for the prognosis of gastric
cancer.

On the other hand, the depth of the tumor, measured by
the T stage of it, was, overall, not significantly associated with
RFS in the multivariable adjusted model, even though patients
with a T2 stage tumor showed a significantly lower risk of
relapse compared to patients with a T4 stage gastric cancer.
This pattern might suggest that lymph node status overrides
the prognostic information provided by local tumor extension,
meaning that the N stage, per se, is more informative than
the T stage, potentially because of the strong correlation
between tumor depth and nodal involvement, as reported in
the international literature.?2*

It was interesting to note that, even after all the
adjustments, variables such as adjuvant therapy and
radiotherapy did not appear to be significantly associated with
RFS. Even though this finding may seem counterintuitive,
it could mean that patients who receive adjuvant treatment
are more likely to have more serious illnesses. On the other
hand, the low application of neoadjuvant therapy in this group
of patients, despite the presence of advanced cancer in the
overwhelming majority of patients, may have contributed
to masking the treatment-related survival differences in this
case. Finally, this observation highlights the very limited
application of contemporary multimodal treatment strategies
among gastric cancer patients in Albania and indicates a
potential area for future improvement.>2

With regard to family history, it is well established that
it is a risk factor for developing gastric cancer, with odds
ratios fluctuating between 2 and 10 among different studies
and population groups.?’ However, we detected a significant
association between family history of gastric cancer and
the risk of relapse, an association that has not been much
explored in the international arena. Amid the uncertainty of
this association due to the small number of patients having
this trait and wide confidence intervals in our case, the finding
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however aligns well with some literature reports that have
reported family history to be a risk factor associated with
specific molecular characteristics that might influence cancer
aggressiveness, poorer outcomes and less favorable response
to treatment,®*2 potentially negatively affecting their relapse-
free survival. Obviously, there is a need for further research to
better understand and explore the association between family
history and risk of relapses among gastric cancer patients.

Looking from a broader angle, the results of our study
point out the many difficulties and challenges that gastric cancer
patients encounter in a health system where late diagnosis is
often the norm. A relatively high proportion of patients we
see in our oncology practice present with quite advanced
cancer, both in the primary tumor size and how much it’s
spread to lymph nodes. This is a common finding in Eastern
European countries.**! This situation highlights the need to
improve early detection strategies, better identify who is at
higher risk, and ensure people reach the right doctors faster by
reviewing and improving referral pathways and modalities.?23
The survival patterns observed in this study among a group
of gastric cancer patients in Albania are comparable to those
reported elsewhere, once again confirming the critical role of
cancer biology in patient outcomes across settings.

This study has several limitations. For example, we
observed patients recruited from a single medical center; such
an approach may limit the study’s ability to identify regional
differences in healthcare delivery and narrow the scope for
generalizing the results. However, the fact that cancer patients
in UHCT come from all over the country might dilute these
potential biases. On the other hand, we did not have access to
information on tumor molecular characteristics or details of
chemotherapy regimens, thus further limiting the potential of
prognostic analysis.

Despite its weaknesses, this study has some strengths
as well. These include a prospective observational design,
a relatively long follow-up period, full standardization,
and the inclusion of many background variables, such as
sociodemographic and clinicopathological factors, which
enhance the robustness of the survival analysis. In addition,
we have used powerful statistical tests to assess relapse-free
survival and the factors associated with it, and have adjusted
for potential confounding effects of various variables. Lastly,
this is among the few studies that explore relapse-free survival
among gastric cancer patients in Albania and the factors
associated with it.

Conclusion

This study demonstrated that the relapse-free survival
among gastric cancer patients in Albania is mainly influenced
by the histopathological type of the tumor and lymph node
involvement at the time of diagnosis. These findings underscore
the critical importance of early detection and staging of cancer,
as well as the application of follow-up strategies tailored
to the risk of relapse. In addition, the findings of this study
could serve to inform field professionals, policymakers, and
decision-makers to further improve the management of gastric
cancer in Albania.
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The study was conducted in accordance with the principles
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approved by the Ethics Committee of the University of
Medicine, Tirana; Approval number: 2235/2 dated 08.30.2024.
All potential candidates were fully informed about the study’s
aim and procedures. All participants granted their informed
consent to participate in the study. We ensured patient data
anonymization before analysis. Access to the database was
restricted only to authorized members of the research team.
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The current study was conducted within the framework of an
institutional research project aimed at establishing a structured
hospital-based database for gastric cancer to evaluate real-
world clinical outcomes and prognostic factors among
Albanian patients.
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Gastric Cancer—A Necessity for Ensuring Optimal Treatment
in Light of New Therapeutic Protocols.” Professor Arvin
Dibra serves as the Project Coordinator (with a copy of the
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Abstract

Background: Laparoscopic surgery is widely recommended for benign gynecological conditions because it minimizes surgical
trauma and accelerates postoperative recovery. Prospective evidence from low- and middle-income settings, particularly detailing
operative determinants and short-term outcomes, remains limited. Our objective is to describe perioperative characteristics,
identify predictors of operative complexity, and evaluate short-term outcomes among women undergoing laparoscopic surgery for
benign gynecological conditions at a tertiary hospital in Bangladesh.

Methods and Results: A prospective observational study was conducted at Feni PVT Hospital and Laparoscopy Institute in
Bangladesh from July to September 2025. Consecutive women aged 18—70 years undergoing elective laparoscopic surgery
(hysterectomy, myomectomy, ovarian cystectomy, or diagnostic laparoscopy) for benign indications were included. Demographic,
clinical, intraoperative, and postoperative data were collected prospectively. Descriptive statistics summarized outcomes. Multiple
linear regression identified predictors of operative time, and binary logistic regression assessed factors associated with intra-
abdominal adhesions.

A total of 181 women were included, with a mean age of 42.2+9.0 years and a mean parity of 2.5+0.6. Abnormal uterine bleeding
was the most frequent indication (67.4%). Mean operative time was 47.9+4.8 minutes, and estimated blood loss was <50mL in
99.4% of cases. No intraoperative complications, conversions, or transfusions occurred. All participants were discharged after one
day, and 97.2% were mobilized on the day of surgery. Intra-abdominal adhesions were identified in 37.0% of cases. Increased
operative time was independently associated with higher parity, comorbidities, previous surgery, abnormal uterine bleeding, and
adenomyosis, while age showed a modest inverse association. Adhesions were strongly associated with prior surgery, increasing
age, and uterine fibroids.

Conclusion: In this experienced center, laparoscopic surgery for benign gynecological conditions was associated with a consistent
safety profile, minimal blood loss, and rapid recovery. Patient- and pathology-related factors influence operative complexity but
do not compromise short-term outcomes.(International Journal of Biomedicine. 2026;16(2):178-186.)

Keywords: adhesions ¢ benign gynecological conditions * laparoscopic surgery * operative timee perioperative outcomes.
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Introduction

Contemporary  clinical ~ guidelines  recommend
hysterectomy for benign gynecological disease via a minimally
invasive route whenever feasible, supported by more than three
decades of comparative evidence.! Randomized trials and
meta-analyses consistently show that laparoscopic and vaginal
hysterectomy reduce postoperative pain, febrile morbidity,
and hospital stay compared with abdominal hysterectomy.>-=
These benefits translate into earlier mobilization, faster return

to normal activity, and improved patient satisfaction within
enhanced recovery pathways.

The advantages of minimally invasive surgery arise
from pneumoperitoneum and optical magnification, which
facilitate precise dissection and hemostasis while minimizing
tissue trauma and blood loss. Smaller incisions also attenuate
inflammatory and endocrine stress responses associated
with laparotomy.23 Limitations of conventional laparoscopy,
including restricted instrument articulation and two-
dimensional imaging, have driven interest in robot-assisted

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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surgery. Robotic platforms offer enhanced dexterity, tremor
filtration, and three-dimensional visualization, potentially
facilitating complex pelvic procedures.*However, population-
based analyses have not demonstrated consistent reductions in
morbidity with robotic surgery compared with conventional
laparoscopy for benign indications.’A systematic review
of more than 4,000 procedures concluded that the cost-
effectiveness of robotic surgery remains unproven, supporting
selective rather than routine use.®Large registry data reinforce
the benefits of minimally invasive approaches. In over
450,000 benign hysterectomies, laparoscopic access halved
transfusion requirements and reduced mortality by nearly 40%
compared with abdominal hysterectomy.” Single-center audits
similarly report lower blood loss and shorter operating times
once proficiency is achieved.! Meta-analyses also support
vaginal hysterectomy, demonstrating faster recovery and non-
inferior complication rates compared with total laparoscopic
hysterectomy.? Randomized comparisons indicate that the
ergonomic advantages of robotic surgery do not translate into
superior early quality-of-life outcomes relative to vaginal or
laparoscopic hysterectomy.'® These findings highlight surgeon
experience and appropriate case selection as key determinants
of outcome.

Similar patterns are observed in myomectomy.
Randomized evidence shows that laparoscopic myomectomy
results in less postoperative pain and earlier discharge than
open surgery without compromising uterine integrity.t
Cochrane reviews confirm reduced febrile morbidity, lower
transfusion rates, and faster recovery following minimally
invasive approaches.2 Multicenter cohorts demonstrate
reduced blood loss with laparoscopic myomectomy,* while
laparo-endoscopic single-site surgery provides cosmetic
benefits without prolonging operative time.* Economic
analyses suggest higher costs without clear differences in
clinical outcomes, while matched studies report comparable
fertility and symptom relief between minimally invasive
and open techniques.'® Although abdominal myomectomy is
associated with longer recovery and higher adhesion-related
morbidity,”Y outcomes improve with increasing minimally
invasive experience,”® and meta-analyses confirm lower
febrile morbidity across all minimally invasive routes.!*2

Benign ovarian surgery has similarly transitioned
toward minimally invasive management. Randomized
trials and Cochrane reviews demonstrate reduced analgesic
requirements, shorter hospital stay, and comparable
complication rates with laparoscopy compared with
laparotomy.?#2 Advances such as single-port laparoscopy
allow removal of large ovarian cysts (>10 cm) while
preserving ovarian reserve and achieving fertility outcomes
comparable to those of open surgery.2 Deep infiltrating
endometriosis remains technically challenging, yet minimally
invasive surgery predominates. Randomized trials show faster
recovery with laparoscopic compared with open colorectal
resection,” while large series report durable pain relief and
acceptable complication rates even in advanced disease.?%
Registry analyses attribute major complications primarily
to prolonged operative time rather than surgical access.?
Overall, minimally invasive surgery for benign gynecological

conditions accelerates recovery and reduces morbidity but
often incurs higher costs with largely comparable clinical
outcomes, particularly for robotic platforms. Selective
application based on patient characteristics and anatomical
complexity is therefore appropriate. Accordingly, this study
aims to prospectively describe perioperative characteristics,
identify predictors of operative complexity, and evaluate
short-term postoperative outcomes among women undergoing
laparoscopic surgery for benign gynecological conditions at a
tertiary private hospital in Bangladesh.

Methods

Study Design and Setting

This was a prospective, single-arm, observational
study conducted from July 9 to September 8, 2025, at Feni
PVT Hospital and Laparoscopy Institute in Feni District,
Chattogram Division, Bangladesh (Figure 1, Table 1). The
hospital is a private multidisciplinary facility providing routine
inpatient and outpatient care as well as advanced minimally
invasive laparoscopic gynecological services. It serves a large
number of patients from Feni and neighboring areas, achieving
favorable surgical outcomes with short recovery times. The
institution also functions as a training center for surgeons
in minimally invasive gynecological techniques. The study
aimed to evaluate perioperative characteristics and short-term
postoperative outcomes of women undergoing laparoscopic
surgery for benign gynecological conditions.

Patients Assessed for Eligibility
From 9th July to 8th September 2025
Feni PVT hospital andlaparoscopy institute,
Bangladesh

|

women undergoing laparoscopic surgery for benign
gynecological conditions
(n=203)

v k

Included (n=181)
*» Histologically or radiologically

Excluded (n=2%)

o DMlalignant or suspected confirmed.

m alignancy. » Elective laparoscopic surgery
* Emergency Cases. perform ed at the study center.
e Unfit for Laparoscopy o Willingnessto participate.

l

Included in Surgery (n=181)
s Laparoscopic Procedures:
¥ Multiport Laparoscopy.

!

Postoperative Follow-up {Up to 30 days)
s Short-term complications
* FRecovery Assessments

I

Final Analysis (n = 181)

Figure 1. A flow diagram showing patient inclusion,
surgery types, and follow-up.
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Summarizing variables, their definitions, measurement methods, and timing.

180

Surgery

Variable Category Variable Definition / Measurement Timing Notes

gzérgﬁlglreaphlc & Age Years, obtained from patient records| At enrollment All participants
Body Mass Index (BMI) | Weight (kg) / Height (m?) Preoperative assessment | All participants
Parity Number of previous births At enrollment All participants
Comorbidities Chronic conditions (¢.g., diabetes, Preoperative assessment | All participants

hypertension)
Clinical Presentation | Primary Complaint Main presenting symptom At enrollment All participants
: : Confirmed via imaging or . ..

Diagnosis histopathology Preoperative assessment | All participants
Imaging Findings Size, number, or location of lesions | Preoperative assessment | All participants

Surgical Characteristics Type of Laparoscopic Multiport Intraoperative All participants
Procedure
Operative Time Minutes from incision to closure | Intraoperative All participants
Intraoperative Blood Loss $ég}1§asured via suction and spongg Intraoperative All participants
Conversion to Open Noted if conversion occurs Intraoperative Included as part of

laparoscopic cohort

resolution

Intraoperative Bleeding, organ injury, anesthesia Intraoperative All participants
Complications events

Postoperative Outcomes| Length of Hospital Stay Days from surgery to discharge Postoperative All participants
Pain Score VAS 0-10 at 6, 12, 24, 48 hours Postoperative All participants
Analgesic Requirement Total dose of analgesics (mg) Postoperative All participants

S -
Febrile Morbidity Egumrps)erature >38°C sustained >24 Postoperative All participants
Wound Complications Infection, dehiscence, seroma Postoperative & 30-day All participants
follow-up
Follow-up Outcomes | Short-term Complications Readmission, reoperation, other 30-day follow-up All participants
complications

Recovery Parameters Return to normal activity, symptom 30-day follow-up All participants

Study Population

Sampling Technique

Consecutive women aged 18-70 years undergoing

elective laparoscopic surgery for benign gynecological
conditions were enrolled. The primary procedures included
total laparoscopic hysterectomy, laparoscopic myomectomy,
laparoscopic ovarian cystectomy, and diagnostic laparoscopy
with biopsy.

Inclusion criteria

Histologically or radiologically confirmed benign
gynecological pathology.

Elective laparoscopic surgery performed at the study
center.

Willingness to participate and provide written informed
consent.

Exclusion criteria

Malignant or
pathology.
Emergency surgical cases.

Previous extensive pelvic surgery making laparoscopic
surgery unfeasible.
Severe  comorbidities
anesthesia.

suspected malignant gynecological

contraindicating  general

A total population (consecutive) sampling approach was
used: all women meeting the inclusion criteria who underwent
laparoscopic surgery during the study period were included in
the study. No formal sample size calculation was performed,
as the study aimed to capture the entire laparoscopic cohort
available at the center.

Data Collection

Data were collected prospectively using a structured
proforma and included:

*  Demographic characteristics:
comorbidities.

*  Clinical presentation: primary complaint, diagnosis,
imaging findings.

*  Surgical characteristics: type of laparoscopic procedure,
operative time, intraoperative blood loss, intraoperative
complications, conversion to open surgery (if any).

*  Postoperative outcomes: length of hospital stay,
postoperative pain (Visual Analog Scale at 6, 12, 24, and
48 hours), analgesic requirements, febrile morbidity,
wound complications, readmissions within 30 days.

* Follow-up outcomes: short-term complications

age, BMI, parity,



1. Medani / International Journal of Biomedicine 16(2) (2026) 178-186 181

and recovery parameters assessed up to 30 days

postoperatively.

All data collection was performed by trained surgical
residents and research assistants, supervised by senior
gynecologists to ensure accuracy and standardization.
Surgical Procedures

*  Laparoscopic surgery: Standard multiport technique
was employed depending on case complexity.
Pneumoperitoneum was established using a Veress
needle or an open technique. Bipolar and monopolar
energy devices were used for hemostasis.

*  Conversion to open surgery: Cases requiring conversion
were noted and analyzed as part of the laparoscopic
cohort.

All procedures followed institutional perioperative
protocols, including prophylactic antibiotics, thrombo-
prophylaxis, and standardized anesthesia care.

Primary Outcomes

e Operative time (minutes)

* Intraoperative blood loss (mL)

*  Length of hospital stay (days)

Secondary Outcomes

*  Postoperative pain (VAS scores)

*  Analgesic consumption

*  Febrile morbidity

*  Wound infection or dehiscence

*  Conversion to open surgery

*  Short-term complications within 30 days

Data Analysis

All data were coded with serial numbers, so personal
information was removed during analysis, and privacy
was maintained. Data were entered into an Excel sheet and
transferred to SPSS (IBM 28.0). Descriptive statistics were
calculated: means + standard deviation for continuous variables
and frequencies/percentages for categorical variables. Multiple
linearregression was performed toidentify predictors of operative
time. All candidate predictors (age, parity, comorbidities, prior
surgery, specific indications, and adhesions) were entered
into the model simultaneously. Model assumptions, including
linearity, normality of residuals, homoscedasticity, and the
absence of problematic multicollinearity, were assessed and
found satisfactory. Binary logistic regression was performed
to identify factors associated with intra-abdominal adhesions,
using the same entry method. Model fit was assessed using the
Hosmer-Lemeshow test (P=0.62) and classification accuracy.
Model assumptions, including the absence of multicollinearity
and the adequacy of model fit, were assessed and found to be
satisfactory.

Results

Participant Demographics and Clinical Characteristics

Atotal of 181 participants were included, all of Bangladeshi
nationality. The cohort was predominantly married (99.4%),
with only one participant reporting divorce (0.6%). Educational
attainment was primarily at the primary level (97.8%), while
a minority had secondary education (2.2%). Employment was
rare, with only two participants (1.1%) employed.

The mean age was 42.249.0 years (range 25-75), and
participants had an average parity of 2.5 + 0.6 children (median
3, range 1-4). The mean operative time for the entire cohort
was 47.94+4.8 minutes (median 46, range 40—75) (Table 2).

Table 2.

Descriptive statistics of numerical variables.

Variable n |Mean| SD |Median|Min| Max
Age (years) 422 190 | 400 | 25| 75
Number of children 181 25 | 06| 3.0 1 4
Operative time (minutes) 479 | 48 | 46.0 | 40| 75

Comorbidities were reported in 32 participants (17.7%),
with hypertension being most common (10.5%), followed
by diabetes (8.8%) and obesity (3.3%) (Figure 2). Regarding
prior surgery, 56.4% of participants (n=102) had no surgical
history, while 43.6% (n=79) had a previous cesarean section
(Figure 3).

17,7
10,5
8.3
8
6
4 33
0 Il

Any comerbidity

Percent %
>

Hypertension Diabetes Obesity

Figure 2. Comorbidities among study participants (n=181).
Bar chart showing the prevalence of comorbid conditions in
participants undergoing laparoscopic hysterectomy. Overall,
32 participants (17.7%) reported at least one comorbidity.
Hypertension was the most frequent (10.5%, n=19), followed by
diabetes (8.8%, n=16) and obesity (3.3%, n=6). The majority
(82.3%, n=149) had no comorbidities.

Previous surgery

= None

102; 56%

Figure 3. History of previous surgery among study
participants (n=181). Illustration of prior surgical
history in the cohort. More than half of participants
(56%, n=102) had no history of previous surgery,
whereas 44% (n=79) reported a prior cesarean
section. This distribution highlights the prevalence of
prior lower abdominal surgery in the study population.
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Indications for Surgery

Abnormal uterine bleeding was the most frequent
indication for laparoscopic hysterectomy, reported in 122
participants (67.4%), followed by chronic pelvic pain in 76
participants (42.0%). Uterine fibroids were identified in 56
participants (30.9%), and adenomyosis in 27 participants
(14.9%). Less frequent indications included ovarian cysts
(8.8%) and uterine prolapse (6.1%) (Figure 4).

| Indications for hysterectomy |

Uterine prolapse
Ovarian cvst
Adenomvesis
Uterine fibroid

Clronic pelvie pain

\dbnormal uterine bleeding 67,4

0 10 20 30 40 50 60 70 80
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Figure 4. Indications for laparoscopic hysterectomy (n=1381).
Bar chart depicting the primary clinical indications for
hysterectomy. Abnormal uterine bleeding was the most common
indication (67.4%, n=122), followed by chronic pelvic pain
(42.0%, n=76), uterine fibroids (30.9%, n=56), and adenomyosis
(14.9%, n=27). Less common indications included ovarian cysts
(8.8%, n=16) and uterine prolapse (6.1%, n=11). Percentages
exceed 100% in some cases due to overlapping indications.

Intraoperative and Postoperative Outcomes

All procedures were laparoscopic and performed by senior
consultants. No intraoperative complications, tissue injuries,
or conversions to open surgery occurred, and no participants
required blood transfusion. Estimated blood loss was <50 mL in
99.4% of participants and <100 mLin 0.6%. Early mobilization
was achieved on the same day in 97.2% of participants and on
the first postoperative day in 2.8% of participants. Hospital stay
was uniformly one day, and all participants resumed normal
activities within one week. Postoperative pain during the first
48 hours was mild in all participants, with 98.9% requiring
analgesics. Only one participant (0.6%) required reoperation,
and there were no 30-day readmissions. Intra-abdominal
adhesions were identified in 67 participants (37.0%), while 114
participants (63.0%) had no adhesions (Figure 5).

1 Intra abdominal Adhesionsl

Figure 5. Frequency of intra-abdominal adhesions identified
during laparoscopic hysterectomy (n=181). Pie chart illustrating
the presence of intra-abdominal adhesions. Adhesions were
observed in 37.0% of participants (n=67), while 63.0% (n=114)
had no adhesions identified intraoperatively.

Predictors of Operative Time
Multiple linear regression analysis evaluated the
relationship between demographic and clinical variables
and operative time. The model was statistically significant
(F(11,167)=3.11, P=0.001) and explained 17.0% of the
variance (R?>=0.170; adjusted R?>=0.115).
Significant predictors of increased operative time
included:
*  Higher parity (B=1.947,95% CI: 0.556-3.338, P=0.006)
*  Presence of comorbidities (B=2.164, 95% CI: 0.178—
4.151, P=0.033)
*  History of previous surgery (B=2.522, 95% CI: 0.580—
4.464, P=0.011)
e Abnormal uterine bleeding (B=2.421, 95% CI: 0.758—
4.084, P=0.005)
*  Adenomyosis
P=0.029)
Conversely, increasing age was associated with a slight
reduction in operative time (B=—0.116, 95% CI: —0.214 to
—0.018, P=0.020). Chronic pelvic pain, uterine fibroid, ovarian
cyst, uterine prolapse, and intra-abdominal adhesions were not
significant predictors (Table 3).

(B=2.717, 95% CI. 0.277-5.157,

Table 3"

Demographic and clinical predictors of operative time in patients
undergoing laparoscopic hysterectomy.

. Std 95.0% CI for B
Predictors B *|P-value
Error L. Bound|U. Bound
Age -0.116/0.050( 0.020 | -0.214 | -0.018
Parity 1.94710.705| 0.006 | 0.556 | 3.338
Comorbidities 2.164(1.006| 0.033 | 0.178 | 4.151

History of previous Surgery|2.522(0.984| 0.011 | 0.580 | 4.464
Abnormal uterine bleeding|2.421(0.843| 0.005 | 0.758 | 4.084
-1.704{0.920| 0.167 | -3.520 | 0.113

Chronic pelvic pain

Uterine fibroid -1.320({0.973]| 0.177 | -3.241 | 0.601
Adenomyosis 2.717(1.236] 0.029 | 0.277 | 5.157
Ovarian cyst 1.47411.326] 0.268 | 1.143 | 4.092
Uterine prolapse -2.316/1.686| 0.171 | -5.646 | 1.013
Intra-abdominal Adhesions|1.658(1.056| 0.118 | -0.426 | 3.742

* All listed variables were entered simultaneously into the multiple
linear regression model.

Predictors of Intra-Abdominal Adhesions
Binary logistic regression assessed factors associated
with intra-abdominal adhesions. The model was significant
(¥*(10)=121.74, P<0.001), explaining 49.2-67.2% of the
variance (Cox & Snell R>=0.492; Nagelkerke R?>=0.672) and
achieving an overall classification accuracy of 8§7.2%.
Significant predictors included:
¢ Age (OR=1.11, 95% CI: 1.03—-1.20, P=0.006)
*  History of previous surgery (OR=45.21, 95% CI: 15.19—
134.58, P<0.001)
*  Presence of uterine fibroids (OR=5.22, 95% CI: 1.18—
23.05, P=0.029)
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Other variables—including parity, comorbidities,
abnormal uterine bleeding, chronic pelvic pain, adenomyosis,
ovarian cyst, and uterine prolapse—were not significantly
associated (Table 4).

Table 4.

Demographic and clinical predictors of intra-abdominal adhesions
in patients undergoing laparoscopic hysterectomy.*

Predictor B SE |P-value (E)E;)I({B)) gfgsﬂ’o(f{l
Age 0.105(0.038/ 0.006 | 1.11 | 1.03-1.20
Parity 0.669(|0.474| 0.157| 1.95 | 0.77-4.94
Comorbidities 0.067(0.664|0.920| 1.07 | 0.29-3.93
History of previous surgery(3.811[0.557|<0.001| 45.21 [15.19-134.58
Abnormal uterine bleeding [0.646(0.628| 0.304 | 1.91 | 0.56-6.54
Chronic pelvic pain 0.527|0.707|0.456 | 1.70 | 0.42-6.77
Uterine fibroid 1.652{0.758/| 0.029| 5.22 |1.18-23.05
Adenomyosis 0.846|0.971|0.384| 2.33 [0.35-15.64
Ovarian cyst 1.736/0.937] 0.064 | 5.68 [0.91-35.61
Uterine prolapse 0.663[1.159(0.567 | 1.94 |0.20-18.81

* All listed variables were entered simultaneously into the binary
logistic regression model.

Patient-Reported Outcomes

Patient satisfaction was uniformly high. All participants
reported being very satisfied with the surgical outcomes,
perceived faster-than-expected recovery, and indicated they
would recommend laparoscopic hysterectomy to others or
choose the same procedure again if required.

Discussion

This prospective cross-sectional study demonstrates
that laparoscopic surgery for benign gynecological conditions
can be delivered with consistently favorable peri-operative
performance and excellent short-term recovery in a real-
world, resource-constrained private hospital setting. Without
reiterating specific outcome measures, the collective pattern
of findings reflects a highly standardized surgical pathway
characterized by procedural efficiency, minimal physiological
insult, and rapid functional recovery. Importantly, the absence
of major intraoperative adversity and the uniformly short
convalescence underscore the maturity of laparoscopic
practice at the study center and reinforce the premise that
surgical outcomes are primarily driven by case selection,
surgeon experience, and perioperative systems rather than by
patient demographics alone.

The observed determinants of operative duration
highlight the interaction between patient-related complexity
and surgical workload rather than technical failure. Factors
such as prior pelvic surgery, higher parity, and specific
uterine pathologies were associated with longer procedures,
reflecting expected anatomical distortion and the demands
of adhesiolysis. This aligns closely with large observational
data reported by Wright et al.,> where increased operative

time in minimally invasive hysterectomy correlated with
prior surgery and case complexity but did not translate into
higher morbidity. Unlike Wright et al., whose population-level
analysis identified variability in outcomes across institutions,
the present study demonstrates consistency, suggesting that
standardized surgical teams may mitigate complexity-related
risks.

Similarly, Aboulfotouh et al.® reported that operative
efficiency improves substantially once laparoscopic
proficiency is established, with case-mix factors—not surgical
access—being the primary drivers of operative duration. The
present study extends this observation by quantifying patient-
level predictors within a homogeneous laparoscopic cohort,
rather than by comparing surgical routes.

Intra-abdominal adhesions emerged as a clinically
relevant intraoperative finding, predominantly associated
with age and prior surgery. This mirrors findings from Clark
et al.,*® who identified previous abdominal surgery as the
strongest predictor of intraoperative complexity and major
complications during laparoscopic treatment of endometriosis.
However, unlike Clark et al., in which adhesions increased
the risk of complications, the present study did not observe
downstream adverse outcomes, suggesting that experienced
surgical teams can neutralize adhesion-related risk in benign
gynecological surgery.

Comparable observations were reported by Khazali et
al.,”2 who demonstrated that operative difficulty in advanced
endometriosis was more strongly associated with duration
and extent of dissection than with incision type. The present
study broadens this concept beyond endometriosis, supporting
adhesions as a marker of technical demand rather than a
determinant of poor outcome.

The wuniformly favorable short-term postoperative
course observed in this cohort is concordant with high-quality
evidence synthesized by Aarts et al.,> who demonstrated
that minimally invasive hysterectomy consistently reduces
postoperative morbidity compared with open approaches.
Unlike randomized trials included in the Cochrane review,
which often involve heterogeneous surgeons and centers,
this study reflects outcomes within a single, high-volume
laparoscopic institute, highlighting the potential for optimized
outcomes when procedural standardization is achieved.

Furthermore, the findings resonate with the population-
based analysis by Wiser et al.,” which showed substantial
reductions in transfusion and mortality with laparoscopic
hysterectomy. While Wiser et al. focused on national-level
morbidity and mortality, the present study complements these
data by detailing patient-reported recovery and early functional
outcomes, areas often underrepresented in administrative
datasets.

High patient satisfaction and rapid return to normal
activity observed in this study parallel findings from Sandberg
et al.,? who demonstrated that minimally invasive routes—
particularly vaginal and laparoscopic hysterectomy—are
associated with superior patient-reported recovery compared
with abdominal surgery. However, unlike Sandberg et al.,
which compared different minimally invasive routes, the
present study isolates laparoscopic surgery, thereby providing
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a focused assessment of its patient-centered value in routine
practice.

The consistency of satisfaction across all participants
suggests that expectation management, peri-operative
counseling, and early mobilization protocols may be as
influential as surgical technique itself—an insight not
explicitly addressed in comparative trials.

The uniformly positive short-term outcomes, including
rapid mobilization and high patient satisfaction, mirror the
benefits of minimally invasive surgery demonstrated in
randomized trials and large registries from high-income
countries.>” This study confirms that these benefits are
achievable in an LMIC setting with appropriate expertise
and infrastructure. In contrast to concerns raised by Gala et
al.® regarding the cost-effectiveness of advanced platforms,
the present study demonstrates that standard laparoscopy—
without reliance on costly technologies—can achieve
outcomes comparable to those reported in high-income
settings. This has particular relevance for South Asian and
other LMIC contexts, where scalability and sustainability are
critical.

By focusing exclusively on laparoscopic surgery and
examining predictors of operative complexity and short-term
recovery within this cohort, the study avoids the confounding
inherent in route-comparison designs. Its prospective nature,
comprehensive peri-operative assessment, and integration
of patient-reported outcomes strengthen its contribution
to the literature. When interpreted alongside comparable
studies, 2783 the findings position laparoscopic surgery not
merely as a technically superior alternative, but as a mature,
reproducible standard of care when delivered within an
optimized institutional framework.

In summary, this study adds contextualized, practice-
based evidence supporting the safety, efficiency, and
patient-centered benefits of laparoscopic surgery for benign
gynecological conditions, reinforcing global recommendations
while offering practical insights relevant to similar healthcare
settings.

Limitations

This study has several limitations. First, as a single-arm
descriptive study, it lacks a direct comparator group (e.g., open
surgery). Therefore, while outcomes are excellent, we cannot
make comparative claims of superiority. Second, the study was
conducted at a single, specialized private center with highly
experienced surgeons, which may limit the generalizability of
the results to public hospitals or less-experienced teams. Third,
follow-up was limited to 30 days, precluding assessment of
long-term complications or recurrence. Finally, the cohort was
predominantly comprised of hysterectomy patients; outcomes
for less common procedures (myomectomy, cystectomy)
should be interpreted with caution due to small numbers.

Conclusion

This prospective study demonstrates that laparoscopic
surgery for benign gynecological conditions can be performed

safely and efficiently in an experienced tertiary center in
Bangladesh. Operative performance and early postoperative
outcomes were driven primarily by patient-related complexity,
including prior surgery and underlying uterine pathology,
rather than by the laparoscopic approach itself. The favorable
peri-operative outcomes and high patient-reported satisfaction
observed reinforce laparoscopy as a reliable standard of
care for benign gynecological disease in routine clinical
practice. Importantly, these findings provide context-specific
evidence from a South Asian setting, supporting the feasibility
and reproducibility of high-quality minimally invasive
gynecological surgery beyond high-income health systems.
Sustained investment in structured surgical training, appropriate
case selection, and standardized perioperative pathways is
essential to maximize the benefits of laparoscopy. Future
studies should incorporate longer follow-up, cost-effectiveness
analyses, and comparative designs to further inform evidence-
based surgical planning in resource-constrained environments.
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Abstract

Background: While computed tomography (CT) imaging is vital for diagnosing brain issues, it can expose children to unnecessary
risks if not optimized. The aim of this study was to identify the key predictors of radiation dose in pediatric head and brain CT
scans, including patient age, scan type, kilovoltage, and field of view (FOV), so that these assessed technical and demographic
factors could be used to help radiologists develop dose-optimized protocols for pediatric populations in ways that will minimize
radiation doses while maintaining diagnostic image quality.

Methods and Results: We investigated a sample of 138 patients aged 18 years or younger from a single institution who had
undergone pediatric brain and head CT scans. Descriptive statistics and data visualization, including correlation tests, were
initially performed to explore the data and assess the significance of relationships between the radiation dose indices (CT dose
index volume [CTDIvol] and dose-length product [DLP]) and the associated predictors of radiation dose (age, scan type, peak
kilovoltage [kVp], tube current, and FOV). The radiation dose indices were found to be higher for the head than for the brain
CT scans, which indicated that the patients who underwent head CT were exposed to higher radiation doses. The diagnostic
reference levels were set at the 75th percentile of the radiation dose indices for both test sites and age groups, as shown in the box
plots. Highly significant linear relationships were found between patient age and the radiation dose indices, (CTDIvol and DLP),
(P<0.000 for both), indicating that the required radiation dose tended to increase with age. In this study, the main radiation dose
parameters in pediatric neuroimaging were significantly influenced by patient age, scan type, tube current, and kilovoltage. These
findings underscore the critical need for age- and indication-adjusted CT protocols to minimize radiation exposure in children
without compromising diagnostic utility. The most important finding of this study is the derivation of best-fit model equations
for radiation dose indices using our patients’ scan parameters. These equations can be used to predict (calculate) the optimal scan
parameters for a single variable of the radiation dose indices, while keeping other variables constant. Insights obtained can help
radiologists create safer, child-specific scanning protocols, improve radiology practices, and perform more research to minimize
risks worldwide.(International Journal of Biomedicine. 2026;16(2):187-196.)
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Introduction through its fast, precise imaging capabilities, which can
be applied to a range of clinical conditions.! Unlike other

Diagnostic radiology is a critical practice in medicine. radiological imaging techniques, CT poses a high risk of
Computed tomography (CT) is widely used in pediatric radiation exposure because multiple thin slices of the target
and adult patients and has transformed medical diagnostics tissue must be captured, leading to multiple exposures in a
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This is an open access article under the CC BY-NC-ND 4.0 license.
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single session to enable high-detail, multiplanar computer-
generated reconstructions and 3D rendering of the image.

CT scans deliver significantly higher ionizing radiation
doses, often 50 to 1,000 times more than conventional X-rays,
making them a major contributor (up to 50% or more) to
medical radiation exposure. This high-dose exposure increases
risks for cancer, with some estimates suggesting a one in 1,000
to 2,000 chances of cancer per scan and a potential contribution
to 2% of all cancers.?

Because CT doses are initially high, medical imaging
optimization is particularly important in pediatrics to reduce
radiation exposure for high-risk pediatric patients. As the
clinical use of this technique continues to rise, optimization
has become a critical requirement. One of the most serious
concerns for individuals, specifically children, who undergo
diagnostic CT is the elevated risk associated with ionizing
radiation.®# Several studies have shown that children are more
vulnerable to radiation hazards than adults, as their rapidly
developing tissues and longer life expectancy make them
more prone to developing radiation-induced cancers later in
life.> They also have smaller body sizes and receive a higher
radiation dose per unit of tissue when conventional adult
protocols are used.®?

A troubling trend is the use of adult protocols for
children in some radiology departments, as this leads to higher
levels of radiation exposure in these patients.®? Pediatric CT
scans, such as brain scans, are often employed to diagnose
neurological issues, so radiation exposure remains a major
concern in pediatric brain CT despite its known clinical
benefits. Minimizing radiation exposure in pediatric CT is
thus essential to prevent or lessen its radiogenic effects.

According to El-Nachef et al.,'® scan parameters
should be optimized for pediatric patients to ensure
diagnostic image quality while maintaining safety. In so
doing, the basic goal of radiation safety should be adhered
to, that is, to achieve quality diagnostic images using the
principle of radiation doses that are “as low as reasonably
achievable” (ALARA) Outdated protocols and equipment
are still being widely used in many hospitals, particularly
in those in low-resource settings, so patients are continuing
to be unnecessarily exposed to high radiation.!* Although
the literature provides a solid foundation for radiation risks
and dose-reduction practices, several critical research gaps
persist. First, quantitative modeling is rarely used. In most
studies, researchers have relied on descriptive analyses rather
than multivariate regression to determine the independent
contributions of scan parameters to radiation dose. Second,
researchers in only a few studies have considered the
radiation impact of specific scan types (brain or head) within
controlled datasets, despite known differences in radiation
exposure. Third, the volume of dose optimization research in
low-resource settings, where outdated equipment and poorly
standardized procedures continue to pose serious challenges,
is significantly lacking.!>!3 Therefore, there is a need for
empirical research to examine how various technical factors
affect radiation dose in pediatric CT scans.

The aim of this study was to identify the key predictors of
radiation dose in pediatric head and brain CT scans, including

patient age, scan type, kilovoltage, and field of view (FOV),
so that these assessed technical and demographic factors could
be used to help radiologists develop dose-optimized protocols
for pediatric populations in ways that will minimize radiation
doses while maintaining diagnostic image quality.

Materials and Methods

Subjects

In this retrospective cross-sectional study, we evaluated
CT head and brain procedures performed on 138 patients aged
18 years or younger (average age of 7.42 years) at a single
hospital (Southern Hospital, Saudi Arabia).!* The patients
selected for this study met strict selection criteria. The basic
inclusion criteria were:

*Patients <18 years of age

*Patients who have a brain or head CT scan for non-
emergency diagnostic purposes

Patients for whom complete data were available (patient
age, peak kilovoltage [kVp], tube current [mA], FOV, CT dose
index volume [CTDIvol], and dose-length product [DLP])

The basic exclusion criteria were:

*Patients who were <18 years of age but had incomplete
data

*Patients who had scans performed in the emergency
department

*Patients who were originally planned to receive a low-
dose CT scan.

Relationship between Image Acquisition Factors and
Radiation Dose in CT Scanners

Management of the radiation dose is required to
optimize imaging protocols. In CT scans, two radiation
dose indices (CTDIvol and DLP) are used in radiation dose
management.-2

The technical image acquisition factors applied during
the CT scans in this study were X-ray, tube current (mA), peak
kilovoltage (kVp), the size of the scanned area or FOV, and
scan type (head or brain), in addition to age as a demographic
factor. We therefore identified these factors as the key
determinants of radiation dose for pediatric brain CT scans.
The effects of these factors on CTDIvol and DLP, and thus the
radiation dose, were subsequently determined.

Image Protocol (Imaging Procedures)

This study was primarily designed to evaluate the
effects of demographic and technical factors in 138 pediatric
patients, of whom 26 had pediatric CT head scans, and 112
had pediatric CT brain scans.

CT head scans are primarily requested for bone structure
assessment (trauma, sinusitis, pre-surgical planning, and bony
lesions) to allow clear visualization of fracture lines and bony
architecture, while CT scans of the brain are indicated for soft
tissue in the brain to diagnose various pathological conditions,
including stroke, tumor, and bleeding within the brain
substance. The protocol for CT head imaging typically begins
with a non-contrast scan to rule out hemorrhaging, followed
by a contrast injection, which is referred to as CT angiography
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or CT perfusion. Thinner slices are preferred to enable high-
detail, multiplanar reconstructions and 3D rendering of bone
structures.

CT Equipment

Brain CT scans were obtained using three scanners:
a Toshiba Aquilion 128-slice CT scanner (Japan), a GE
Discovery CT750 HD (64 slices), and a GE Revolution
HD6 long CTM (128 slices) (USA). All the procedures were
performed in accordance with the department’s standard
protocols.

Methods of Quantification of the Impact of Technical and
Demographic Variables on the Radiation Dose

To assess the impact of the deterministic technical
variables kVp, mA, and FOV on the two radiation dose indices
(CTDIvol and DPL), we performed descriptive statistics, as
well as correlation and multiple linear regression analyses.

The data obtained for the 138 patients concerning each
factor in relation to radiation dose indices was presented in
scatter plots to visualize (identify) the trend (positive or
negative impact) and generate the regression line (the best-fit
line between the scattered points) in the form of:

y=a-+bx

where, y is the dependent variable (CTDIvol or DLP-
the radiation dose indices); x is an independent variable
(tube current, kilovoltage or FOV); «, the interception of the
regression line with the x-axis which is the constant; b, is
a factor of the independent variable (i.e., how many times,
the independent variable changes with each change in the
dependent variable).

The regression line has slope showing the trend of the
correlation (whether positive or negative).

The objective of this study was to identify and quantify
the impact of key technical and demographic factors on
radiation dose in pediatric brain and head CT scans to inform
the development of optimized, low-dose protocols.To be more
specific, we examined the impact of the technical factors (mA,
kVp, and FOV) on the radiation dose in terms of the radiation
dose indices (CTDIvol and DPL) and, in doing so, derived the
optimization equations for these parameters.

Statistical analyses were performed using IBM SPSS
Statistics for Windows, version 26 (IBM Corporation, Armonk,
NY, USA). For all analyses, P<0.05 was considered statistically
significant.

Results

To identify and quantify the impact of key technical and
demographic factors on radiation dose in pediatric brain and
head CT, we recorded and analyzed 138 CT scan results of the
brain and head.

Impact of Demographic Factors on Radiation Dose

In addition to the descriptive statistics, box and scatter
plots were generated to visualize the relationships between
the independent variable, age, and the related scan type, with

CTDIvol and DLP as the dependent variables. The majority
of patients (112) underwent brain volume CT scans (Table 1),
with most in the 5-9-year age group. Twenty-six patients had
CT head scans.

Table 1.

Data summary of the scan types for the different age groups.
Age Brain CT scan Head CT scan
<4 years 24 9
5-9 years 58 7
10-14 years 27 9
>15 years 3 1
Total (138 patients) 112 (81.2%) 26(18.8%)

In Table 2, we present summary statistics for the
demographic (age) and technical data during the CT scans
under analysis, namely, X-ray tube current (mA), kVp, FOV,
CTDIvol, and DLP.

Table 2.

Summary statistics for the variables under study.

Statistics Age mA kVp FOV| CTDlvol| DLP
Mean 7.7329 | 228.3425| 112.6027 | 26 | 33.8166 | 643
Std. Deviation | 4.20064| 73.33884 | 9.68859 |8 9.48062 | 208
Median 7.0000 |222.0000 | 120.0000|32 |31.6350 | 601

Maximum 17.00 |378.00 |120.00 |32 |[73.84 1380

Minimum 1.00 50.00 100.00 |16 |[6.00 157

Impact of Age as a Demographic Factor and Scan Type on
CTDIvol

CTDIvol was one of the radiation-dose dependent
variables affected by age and scan type. For various test sites
and age groups—as well as for the reference points used in
establishing the DRLs that fell within the 75th percentile—the
median CTDIvol values consistently proved to be lower than
the corresponding DRLs. As a radiation-dose index, CTDIvol
was higher for the head CT than for the brain CT (Table 3).

Impact of Age and Scan Type on DLP

The DLP (the second radiation dose-dependent variable)
for both the head and brain CT were always higher than the
median levels for both. DPL, an index of radiation dose, was
again higher for the head CT than for the brain CT, indicating
that the head CT had a higher radiation dose than the brain CT
(Table 4).

Figures 1-4 present box plots of CTDIvol and DLP
levels for the different test sites and age groups.. The line in
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the middle of each box represents the median, while all the
values above and below the plots are extreme values.

Table 3.

CTDIvol values for the different types of test sites, age groups, and
diagnostic reference levels (75th percentile).

. 75th
CTDIvol |Category |Mean+SD Median percentile
CT brain 30.9000 [41.7750
Testtype |CThead |3350030 00021350000 |43.0000
<4 years 28.0824+7.06307 (26.8850 |[30.6725
Age oroup |2 years  |34.428348.96909 |31.3000 |43.1050
8 8IOUP 11014 years|38.0679+9.42357 [38.8900 |43.0825
>15years |33.1111£11.82629 |35.0000 |39.5000
Table 4.
DLP statistics for the different test sites and age groups.
- 75th
DLP Category |Mean+ SD Median percentile]
Test type CT brain  |{632.4475+196.72692(593.4000(771.0000
PC |CThead |703.8000+243.86279|783.0000|898.2500
CT sinus |474.0000+74.74624 |467.0000| -
<4 years |[500.8838+151.78631(451.0000|585.9750
5-9 years [639.6946+172.00276(593.4000(798.3950

Age group| 1014 vears| 756.6150-216.82333 | 766.5000{ 932.0275
>15 years |737.8889::280.03636|821.0000|944.0000

With respect to the median CTDIvol for each age group
(Figure 1), it was lowest for the age group <4 years; however, it
increased in the next age group (5-9 years) and continued to rise
with increasing age. It was highest in the 10—14-year age group,
but declined slightly in the> 15-year age group. Irrespective of
the decline, the median for the group aged >15 years remained
higher than that of the other age groups. The same trend of
CTDIvol with age was observed for the 75th percentile.

nm
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Fig. 1. Box plot illustrating the CTDIvol levels
for the different age groups.

It can be clearly observed from Figure 2 that the median
CTDlvol for the different test sites was highest for head CT,
followed by brain and then sinus CT.

©T Brain CT Head CT Sioms

Fig. 2. Box plot illustrating the CTDIvol levels for
the different test sites.

Unlike variations in CTDIvol with age, the median
DLP across age groups continued to rise with increasing age

(Figure 3).

DL

24 years 5-9 years 10-14 years 215 years

Fig. 3. Box plot illustrating the DLP levels for the
different age groups.

As for CTDIvol, the median DLP for the different test
sites was highest for head CT, followed by brain and then
sinus CT (Figure 4).

LR

€T Brain T Hesd T Sinm

Fig. 4. Box plot illustrating the levels of DLP for
the different test sites.

Correlation of Age with the Radiation Dose-Dependent
Indices

The descriptive statistics for the demographic factor
patient age and the image acquisition variables are presented
in tables and illustrative figures to reflect the depth of the data.
To better visualize the relationships between the variables, a
correlation test was performed to investigate how the radiation
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dose indices (CTDIvol and DLP) varied with changes in age
and a deterministic dose factor (milliamperage). The results
are shown in Tables 5-6 and illustrated in the scatter diagrams
with their associated regression lines (Figs. 5-6).

Table 5.

Correlation of CTDIvol with age and tube current.
Variables r (Correlation Coefficient) | P-value
Age 0.325 0.000
Tube current (mA) | —0.127 0.127

Table 6.

Correlation of DPL with age and tube current.

Variables r (Correlation Coefficient) | P-value
Age 0.455 0.000
Tube current (mA) | —0.109 0.190

As for CTDIvol, the median DLP for the different test
sites was highest for head CT, followed by brain and then
sinus CT (Figure 4).

The highly significant, but moderately positive, linear
relationship between patient age and CTDIvol (Table 5 and
Figure 5) indicates that radiation dose tended to increase
with increasing patient age. The same trend applied to the
highly significant, moderately positive relationship (+=0.455)
between patient age and DLP (Table 6 and Figure 6).

2 Lineas = 01108
w00

Age (v

Fig. 5. Scatter plot showing the correlation of
CTDlIvol with age.

However, no significant correlations were observed
between tube current (mA), a deterministic radiation dose
factor, and radiation dose as measured by CTDIvol and
DLP (Table 5 and Table 6, respectively). In both cases, the
correlation was weakly negative, which indicated an inverse
relationship between radiation dose and tube current. This
inverse relationship was weak and insignificant, so increasing
tube current would not reduce radiation dose. Accordingly,
the regression was meaningless, and the scatter plots are not
shown.
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Fig. 6. Scatter plot showing correlation of DPL with
age.

Impact of Technical Factors on Radiation Dose

We aimed to determine the impact of the technical
radiation dose determinants, milliamperage, kVp, and FOV, on
radiation dose in terms of the radiation-dose indices (CTDIvol
and DLP).

Correlations between CTDIvol and the technical
predictors mA, kVp, and FOV:

* The correlation between the X-ray tube current and
CTDlIvol was found to be insignificant (Table 5).

* In the scatter plot showing the correlation between
kVp and CTDlIvol, the upward-sloping trend line indicates a
moderately positive relationship between kVp and CTDIvol.

* In the scatter plot showing the correlation between
the FOV and CTDIvol, the moderate upward trend line
indicates a moderately positive relationship between FOV
and CTDIvol.

Correlations between DLP and the technical predictors
mA, kVp, and FOV:

* The correlation between the X-ray tube current and
DLP was found to be insignificant (Table 6).

* In the scatter plot showing the correlation between kVp
and DLP, the upward-sloping trend line indicates a moderately
positive relationship between kVp and DLP.

* In the scatter plot showing the correlation between
the FOV and DLP, the moderate upward trend line indicates a
moderately positive relationship between FOV and DLP.

Multiple Linear Regression Analysis

To check the effect of the deterministic technical
variables identified (kVp, tube current, and FOV) on CT
dose index and DPL, multiple linear regression analysis was
performed.

Multiple linear regression for the dependent variable
was formulated as a regression line equation comprising an
intercept and a set of independent variables, each associated
with a specific coefficient (slope). Models were constructed—
analogous to a line of best fit—to forecast future values based
on existing data.

CT Dose Index Volume

To obtain the regression coefficient for a CTDIvol
regression line, standard linear regression methods were used



N. Abuhadi / International Journal of Biomedicine 16(2) (2026) 187-196 192

to estimate the slope and intercept that best fit a dataset of CT
imaging parameters and corresponding dose values.

The regression coefficient table showed that the
independent variables named kVp and tube current have a
statistically significant impact on CTDIvol (P<0.05), but FOV

Table 8.

Regression Coefficients Optimal Model for the dependent variable
CTDIvol.

Coefficients®

did not (P=0.559) (Table 7). Unstandardized| Standard. Collinearity
Model Coefficients  |Coeft. Statistics
T P
Table 7. B [59 IBeta Tolerance| VIF
Regression Coefficients Base Model for the dependent variable
CTDlIvol. (Constant) -69.438(10.013 -6.935(<.001
Coefficients® Peak
kilovoltage
Unstandardized | Standard. Collinearity applicd d‘iring‘sm 075 [.836  [10.884/<.001.638  [1.569
Coefficients | Coeffic. Statistics CT
Model T P
B ]S;d‘ Beta Tolerance| VIF Tube current
fror (mA)used |.049 |.010 |.377 4.902 |<.001|.638 1.569
(Constant)  |-65.744 |11.855 -5.546|<.001 during CT
Peak a. Dependent variable: CTDIvol

kilovoltage | ;50| 150 1774 [5.919 [<001221  |4.526
applied during

CT

Tube current
(mA) used .051 011 |.394 4.775 [<.001|.555 1.801
during CT

FOV the size
of the scanned|.100 171 1.082 586 |.559 [.193 5.188
area

a. Dependent Variable: CTDIvol

The variance inflation factor (VIF) for FOV was 5.188,
exceeding 5, indicating multicollinearity among the independent
variables. Thus, it was removed from the regression model due
to its insignificant effect and multicollinearity. After removing
the FOV, the regression coefficients of the optimal model for the
dependent variable, CTDIvol, were obtained (Table 7).

The optimal model showed (Table 8) that the p-values of
kVp and tube current are less than 0.05. At the 5% significance
level, it can be concluded that the two variables have a
statistically significant impact on CTDIvol. Furthermore, the
VIF values are below 5, providing further evidence that there
is no multicollinearity among the independent variables.

Next, we examined the regression coefficients to discuss
the direction and magnitude of their effect on the dependent
variable, CTDIvol.

*The kVp regression coefficient is 0.818, which means
that CTDIvol will go up by 0.818 units for every kilovoltage
increase, assuming that all other factors stay the same.

*The tube current regression coefficient is 0.049, meaning
that CTDIvol increases by 0.049 units for every milliampere
increase, assuming all other factors remain constant.

The model summary table showed an adjusted R* of
0.454, indicating that 45.4% of the total variation in CTDIvol
is explained by the independent variables (Table 9).

The ANOVA table showed that the P-value for the F
statistic is <0.001. At the 5% significance level, we can say
that the fitted model is statistically significant and provides a
good fit (Table 10).

Table 9.
Model Summary.
Model Summary
2 Adjusted Std. Error of
Model | R R R? the estimate
1 .680 462 454 7.00308
Table 10.

Analysis of Variance (ANOVA).

Model Sum of Squares | Df |Mean Square|F P-value
Regression|6019.760 2 3009.880 61.372 |<.001
Residual [7013.162 143]49.043

Total 13032.921 145

Fitted Equation

CTDIvol =-69.438 + 0.818 x Peak Kilovoltage Applied
+ 0.049 x Tube Current (in mA)

Therefore, the above CTDIvol best-fitting equation can
be solved to obtain the peak kilovoltage to be applied for any
tube current and vice versa.

Dose-Length Product

The research aims to assess the impact of peak voltage,
tube current, and FOV on DLP. Here, DLP is the dependent
variable, and peak voltage, tube current, and FOV are
the independent variables. As the dependent variable is
continuous, we can perform multiple linear regressions to
check the impact. Table 11 presents the regression coefficients
for the base model of the dependent variable DLP.

The regression coefficients indicated that the
independent variables, peak kilovoltage and tube current,
have a statistically significant impact on DLP (P<0.05).
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But FOV does not have a significant impact on DLP
(P=0.399).

Table 11.

Regression Coefficients Base Model for the dependent variable
DLP.

Coefficients®

Unstandardized |Standard. Collinearity

Coefficients Coeff. Statistics
Model

T P
B ]SEtd' Beta Tolerance| VIF
ITor

(Constant) -1421.676|268.944 -5.286|<.001
Peak
kilovoltage 15277 [2.904 |.711  [5.261|<001|.221  |4526
applied during
CT
Tube current (mA)
used during CT 1.137 [.242 |.401 4.699|<001|.555 1.801
FOVithesizeof 13 506 13886 122 |.846 399 |.193  [5.188
the scanned area
a. Dependent Variable: DLP

The variance inflation factor (VIF) for FOV was
5.188, exceeding 5, indicating multicollinearity among
the independent variables. Thus, it was removed from
the regression model due to its insignificant effect and
multicollinearity. After removal of the FOV, the regression
coefficients of the optimal model for the dependent variable,
DLP, were obtained (Table 12).

Table 12.
Regression Coefficients Optimal Model for the dependent variable

that there is no multicollinearity among the independent
variables.

The obtained regression coefficient values indicate the
direction and magnitude of the influence on the dependent
variable DLP.

*The kVp regression coefficient is 17.262, which means
that DLP will go up by 17.262 units for every kilovoltage
increase, assuming that all other factors stay the same.

*The tube current regression coefficientis 1.063, meaning
that DLP will increase by 1.063 units for every milliamperage
increase, assuming all other factors remain constant.

The model summary table shows that the adjusted
R? is 0.416, indicating that 41.6% of the total variation
in DLP is explained by the independent variables (Table
13).

Table 13.
Model summary.

Model summary

) Adjusted Std. Error of
Model | R R R? the estimate
1 .651 424 416 159.08418

The ANOVA table showed that the P-value for the F
statistic is <0.001. At the 5% significance level, we can say

that the fitted model is statistically significant and provides a
good fit (Table 14).

Table 14.
Analysis of Variance (ANOVA).

DLP. Model Sum of Squares |Df |Mean Square |F P
Coefficients® Regression [2660389.611 2 1330194.805 |52.561|<.001
Unstandardized |Standard., Collinearity Residual 3619012.235 143 125307.778
Model Coeflicients Coeft. Statistics
T P Total 6279401.845 145
S pera | B Tolerance| VIF

Error

- . . -6. .001 . .
(Constant) 1542.729[227.456 6.783 [<.00 Fitted Equation
Peak . .
kilovoltage 17262 |1.708 |804  [10.108]<001/.638  [1.569 DLP = -1542.729 + 17.262 x Peak Kilovoltage Applied
applied during CT + 1.063 x Tube Current (in mA)
Tub; é:ur.rent é?A) 1063 1226 1375 b713 kooiless 1,569 ' Therefore, the DLP best-fit equation can be §olved to
used during obtain the kVp to apply for any tube current, and vice versa.
a. Dependent Variable: DLP Coeflicients can be calculated using statistical software (for

The optimal model showed (Table 12) that the P-values
of kVp and tube current are less than 0.05. At the 5%
significance level, it can be concluded that the two variables
have a statistically significant impact on DLP. Furthermore,
the VIF values are below 5, providing further evidence

example, Excel, Python, etc) or manually.

Discussion

Given that the objective of this study was to identify
and quantify the impact of key technical and demographic
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factors on radiation dose during CT of the brain and head in
children, this task was addressed by quantitatively assessing
the influence of these determining factors on CTDIvol and
DLP. Any factor affecting these indices will, in turn, influence
the overall radiation dose. It follows, therefore, that the
precise adjustment of key parameters affecting these indices
will enable the optimization of radiation dose.

In this study, we identified several key variables that
significantly impacted radiation dose in pediatric brain and
head CT scans: age, kVp, and scan type. From the regression
coefficients (Tables 7 and 11), we observed clearly that
the independent variables kVp and mA had a statistically
significant impact on dependent variables, CTDIvol and DLP,
P<0.05 in both cases. However, FOV did not have a significant
impact on the CT dose index (P=0.559). Accordingly, FOV
was excluded from the best-fit equations for CTDIvol and
DLP.

The best-fit equations for CTDIvol and DLP in this
study were derived from multiple linear regression analysis,
which facilitated the determination of mA and kVp values
corresponding to the manual CTDIvol settings.

Our findings suggest that as pediatric patients grow
older, their exposure to radiation increases due to larger
head size, underscoring the importance of age-adjusted
protocols. In our study, radiation exposure was significantly
dependent on scan type, with brain CT scans generally
yielding lower exposure than head CT scans. This finding
has direct implications for clinical practice, underscoring
the importance of pediatric-specific protocols to minimize
radiation exposure during head and brain scans. For
instance, reducing the milliamperage and adjusting the scan
parameters based on patient size and age can significantly
reduce the radiation dose, as shown by the best-fit equation
in our study and by previous studies.’* The findings of this
study agree with those of previous studies that used targeted
brain scan protocols (which restrict the scan range to the
brain) rather than broader adult head scan protocols (which
may include the skull base and upper neck) and significantly
reduced radiation exposure. Accordingly, we recommend
that pediatric institutions establish specific protocols tailored
to individual characteristics to improve patient care and
safety. Additionally, automatic exposure control systems can
minimize radiation exposure by automatically adjusting the
milliamperage based on the patient’s size.*®

According to previous studies, pediatric patients are
readily affected by radiation-induced effects and may receive
up to three times more radiation per unit of body weight than
adults.!” This calls for urgent measures that utilize existing
protocols to reduce radiation exposure while other accurate
diagnostic tools are being developed. In the present study, we
examined the various technical and demographic parameters
that affect radiation dose levels in head and brain CT scans
in children by analyzing CTDIvol and DLP. We found that
brain scan procedures developed for children reduced their
radiation exposure more effectively than those for the head
alone, demonstrating the relevance of these procedures
through appropriate naming and standardization. Statistical
analyses have shown that applying age-adjusted dose changes

can reduce the overall radiation exposure to young patients
by up to 30% when automated exposure control systems are
used.t®

One important consideration in this study was selecting
reference points to establish DRLs that fell within the 75th
percentile at our hospital. The 75th percentile values of our
local dose distribution were determined in accordance with
the European guidelines on diagnostic reference levels for
pediatric imaging (ACR, 2015). The third quartiles of the
local CTDIvol and DLP values for both pediatric brain and
head CT scans will be continuously refined and incorporated
into the national diagnostic reference levels for pediatric CT
imaging, once developed.

The pediatric diagnostic reference levels in this
study were established for children grouped by age (e.g.,
1—4-year-olds); however, groupings should preferably be
based on body weight (e.g., 5-15 kg group),’®? as weight
better reflects body size than age. Weight-based groupings
are therefore recommended to establish diagnostic reference
levels in body CT. Nevertheless, age-based groupings are
recommended for brain CT scans because weight does not
reflect head size.

Study Limitations

This study had several limitations. Its retrospective
design introduced the potential for selection bias and
unmeasured confounding. Furthermore, the single-center
design may have limited the generalizability of the findings
to other institutions with different CT equipment and
patient demographics. Consequently, these results should
be interpreted in the context of the present study, and future
multicenter, prospective studies are warranted to validate and
extend our findings. Finally, the influence of certain technical
parameters, such as scan time and contrast use, warrants
further investigation to build a more comprehensive model
for dose optimization. The application of advanced imaging
techniques, such as iterative reconstruction algorithms,
should be considered to reduce radiation exposure without
compromising image quality.

This study underscores the need for patient-specific dose
adjustment, particularly with respect to age, and affirms the
value of automated exposure control in minimizing radiation
exposure. By aligning with global safety initiatives, such as
the Image Gently campaign, our findings provide an evidence-
based strategy to enhance safety in pediatric neuroimaging
and support the dual development of standardized low-dose
CT protocols and individualized procedures based on patient
age and clinical indications. To translate these findings into
practice, future research should prioritize validating these
protocols, and policymakers are urged to integrate this
evidence into formal guidelines and regulations for pediatric
imaging.

Conclusions

In this study, age, milliamperage, peak kilovoltage,
field of view, and scan type emerged as the key determinants



N. Abuhadi / International Journal of Biomedicine 16(2) (2026) 187-196 195

of radiation dose in pediatric brain CT scans, as shown by
their effects on CTDIvol and DLP. The positive relationships
among age, milliamperage, and field of view with radiation
dose underscore the importance of strict pediatric optimization
protocols. While the patient data revealed key CT measurement
parameters, the regression analysis showed that patient age,
peak kilovoltage, and mA readings significantly impacted
the CTDIvol levels (P-values <0.05). Our results affirm the
need for effective reforms in CT protocol standardization,
personnel training, and national dose regulations, especially
in regions where pediatric diagnostic reference levels do not
exist. The necessity of a diagnostic test should be weighed
repeatedly against the associated radiation risk in the pursuit
of safer imaging. As Salah et al.?! noted, “Optimizing CT
techniques is important, primarily for pediatrics, being more
radiosensitive to radiation than adults.” This study contributes
to that optimization by highlighting the levels at which doses
can be applied scientifically and safely and thus controlled
effectively.
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Abstract

Background: Type 1 diabetes mellitus (T1DM) is a chronic metabolic disorder associated with progressive renal complications,
often leading to diabetic nephropathy. Early detection of renal morphological changes is essential for prevention and management.
This study aimed to evaluate the impact of TIDM duration on renal size and morphology using ultrasound, with a focus on kidney
length, width, thickness, and cortical characteristics.

Methods and Results: A retrospective cross-sectional study was conducted on 94 patients with TIDM in Taif, Saudi Arabia,
between November 2024 and May 2025. Patients of both sexes, aged 1-70 years, underwent renal ultrasound in accordance with
standard hospital protocols. Kidney dimensions (length, width, thickness) and cortical echogenicity were measured and compared
across different disease durations and age groups.

Slight renal enlargement was observed in 73.7% of patients, predominantly in younger age groups (10-20 years), while 26.3%
demonstrated slight renal atrophy, more frequent among older patients. The length and width of the kidneys gradually decreased
10 years after disease onset, reflecting progressive loss of parenchyma. The duration of longer diabetes appears to increase the
likelihood of kidney atrophy, especially in older patients.

Conclusion: Ultrasound is a non-invasive and effective tool for monitoring renal morphological changes in patients with TIDM.
Early-stage kidney hypertrophy trend appears to progress toward atrophy with longer disease duration, especially in older patients.
underscoring the importance of routine renal monitoring to identify early diabetic nephropathy and guide timely intervention.
(International Journal of Biomedicine. 2026;16(2):197-200.)
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Introduction

Type 1 diabetes mellitus (T IDM), also known as insulin-
dependent diabetes mellitus, is a chronic autoimmune disease
characterized by the immune-mediated destruction of the
insulin-producing p-cells of the pancreas, leading to an insulin
deficiency. This deficiency impairs the proper regulation of
blood glucose levels, leading to hyperglycemia and lifelong
dependence on daily exogenous insulin therapy.

Type 1 diabetes mellitus often appears in childhood or
young adulthood, though it can develop at any age.! Patients
with TIDM often experience symptoms such as increased
thirst, frequent urination, and weight loss. In acute cases,

patients may present with diabetic ketoacidosis, a serious
complication. Early diagnosis depends on detecting specific
antibodies that signal an immune response against the
pancreas.t

In Saudi Arabia, the incidence of diabetes is rising,
including in younger populations. The high rates of diabetes
make it essential to understand the impact on other organs,
especially the kidneys, which are often affected by long-term
high blood glucose.

This research examined how kidney size and shape
change over time in patients with T1DM, using ultrasound to
track these changes and considering how disease duration may
affect kidney health and size. Ultrasound diagnostics enable

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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the detection of anomalies in kidney shape and size. However,
kidney dimensions may vary not only with pathology but also
with the patient’s physique, age, and race.?

Normal kidney measurements, the length of the kidney
is between 9-12 cm, more than 2 cm is diagnosed with
abnormal kidney enlargement, as for the width, it is between
4-6 cm, and the thickness is 3.5 cm, and a slight difference in
measurement is not considered abnormal due to the difference
in measurements according to the scanning angle.?

The renal sinus is a highly echogenic region due to the
presence of calyces, vessels, and fat.* The measurement of
cortical thickness to determine the well-being of the kidneys.
The echogenicity of the kidney tissue assesses changes in
echotexture to determine the presence of fibrosis or scarring.
One important evaluation method for the renal system is
Doppler ultrasound, which can be used to compute resistance
index values, useful for assessing vascular resistance. Doppler
also assesses blood flow, which can detect flow disorders. As
regards most patients with advanced chronic kidney disease
(CKD), cysts or calcifications are typically present in X-rays.?

Diabetes mellitus causes chronic hyperglycemia,
leading to secondary microvascular complications through
endothelial damage, capillary thickening, and tissue ischemia.
Both maladaptive and adaptive responses are possible from
the damaged kidney. The size and function of the remaining
tubules, as well as glomerular pressure, increase in response
to early adaptive reactions that increase blood flow to the
remaining glomeruli. A section of the kidney dies; however,
increased glomerular pressure causes each nephron to generate
more filtration (hyperfiltration), resulting in overall organ
hypertrophy. If injury to normal nephrons progresses, the
early adaptive response becomes more pronounced, leading
to a gradual reduction in kidney size and function.” Diabetic
nephropathy is described as the combination of structural and
functional problems in the kidneys caused by diabetes. This
involves atrophy (reduction in size), hypertrophy (abnormal
increase in size), thickening of glomerular and tubular
basement membranes, formation of extracellular matrix in the
glomerulus (glomerulosclerosis), and tubular atrophy.®

Although diabetes is highly prevalent in Saudi Arabia,
limited data exist on how TIDM affects renal dimensions
across different age groups using ultrasound. The objective
of this study was to investigate the impact of TIDM duration
on kidney measurements using ultrasound across different age
groups.

Materials and Methods

A retrospective cross-sectional study was conducted
in Taif city from November 2024 to May 2025. The study
population comprises 94 T1DM patients. The study included
males and females aged 1 to 70 years. The patient’s kidneys
were scanned by ultrasound at Taif hospitals, following the
hospital’s routine scan protocols. The ultrasound technique
started with preparation and position.?

Forkidney scanning, a 3.5 MHz transducer is used, while
the 5.0 MHz transducer is used for children or thin patients.2
The transducer was placed on the upper right or left side and

started with a longitudinal scan, then a transverse scan, with
the liver acting as an acoustic window for the right kidney.
The lateral position was used in cases of gas retention, or the
patient was asked to drink water, thus filling the stomach with
fluid as an acoustic window that allows us to see the kidneys.?

Researchers measured the kidney size (length, width,
thickness) and the shape (echogenicity and cortical thickness).
Data collection was conducted using a specialized registration
form developed by the researchers, which included all
variables necessary for this study.

Statistical analysis was performed using SPSS v.25.0
(SPSS Inc., Armonk, NY; IBM Corp.). Baseline characteristics
were summarized as frequencies and percentages. Group
comparisons were performed using the chi-square test. A
P-value <0.05 was considered statistically significant.

Results

The distribution of kidney measurements across
different age groups is summarized in Table 1. The majority
of TIDM patients (73.7%) showed slight kidney enlargement,
while 26.3% had slight atrophy (Figure 1). Among younger
patients (10-19 years and 20-29 years), slight enlargement
was predominant, with 100% and 88.2% of cases, respectively.
In contrast, the frequency of slight atrophy increased
progressively with advancing age, reaching 50% in the 70-
79 age group. Despite this apparent trend toward increased
atrophy with age, the difference in kidney measurements
among the age groups was not statistically significant (P =
0.105) (Table 1).

Table 1.

Distribution of kidney measurement changes across age groups in
T1DM patients.

Age Range | Slight Atrophy | Slight Enlargement | Total
(years) n (%) n (%) n (%)

10-19 0 (0.0%) 14 (100.0%) 14 (100.0%)
20-29 2 (11.8%) 15 (88.2%) 17 (100.0%)
30-39 4 (40.0%) 6 (60.0%) 10 (100.0%)
40-49 4 (30.8%) 9 (69.2%) 13 (100.0%)
50-59 6(33.3%) 12 (66.7%) 18 (100.0%)
60-69 8 (38.1%) 13 (61.9%) 21 (100.0%)
70-79 1(50.0%) 1 (50.0%) 2 (100.0%)
Total 25(26.3%) 70 (73.7%) 95 (100.0%)

Chi-square test: P = 0.105
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Fig. 1. Kidney dimensions.
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Ultrasound measurements of renal dimensions in
patients with TIDM demonstrated distinct trends correlated
with disease duration (Figure 2). Both kidney length and width
were assessed over a disease span of 1 to 20 years.

25 50 75 100 125 150 s 0.0
Duration of T10M (yeara)

Fig. 2. Changes in kidney length and width over time in TIDM
patients as measured by ultrasound.

By Year 1 of disease onset, both kidneys were slightly
enlarged, with the left measuring approximately 12 cm in
length, slightly exceeding the right. This finding is consistent
with early-stage diabetic renal hypertrophy, likely reflecting
compensatory glomerular hyperfiltration.

By Year 2, a notable reduction in kidney dimensions was
observed, particularly in the right kidney. This abrupt decrease
may indicate early parenchymal changes or variability in
individual physiological responses during the initial phase of
glycemic control.

Between Years 3 and 10, renal measurements remained
relatively stable, with only minor fluctuations. The left kidney
consistently measured longer and wider than the right, consistent
with established anatomical asymmetry. Beginning around Year
10, a gradual and sustained decline in both renal length and
width was evident bilaterally. By Year 20, renal dimensions had
markedly decreased, with the right kidney width approaching
3.5 cm. These findings are indicative of progressive nephron
loss and chronic parenchymal damage associated with diabetic
nephropathy.

Discussion

Our findings support the hypothesis that the duration
of TIDM influences kidney morphology through gradual,
measurable changes in size and shape that could ultimately affect
kidney health. In our sample of 95 T1DM patients, the majority
exhibited slight renal enlargement (73.7%), while a smaller
proportion demonstrated slight renal atrophy (26.3%). These
findings are consistent with previous studies, including those by
Tonneijc et al.,!2 which identified early-stage renal hypertrophy
associated with glomerular hyperfiltration in patients with
T1DM. With a mean duration of diabetes of approximately
7.4 years in our cohort, early renal enlargement predominates
in most patients, supporting the idea that, in the initial stages,

kidney changes may be associated with hyperfiltration and
compensatory enlargement."!As the disease progresses, however,
the prevalence of renal atrophy increases, suggesting that long-
term hyperglycemia may eventually lead to kidney structural
deterioration. This aligns with our hypothesis that kidney size
and shape change gradually and measurably as the duration
of diabetes increases, with these changes potentially having
a lasting effect on kidney health.!2 Further analysis of age
groups revealed a trend toward greater renal atrophy in older
patients, though this association was not statistically significant
(P=0.105). Interestingly, patients in the age of 30-39 years
showed a 40%of renal atrophy, hinting that those with longer
disease duration, even at a relatively young age, may be more
susceptible to kidney structural changes. While the results were
not statistically conclusive, they reinforce the hypothesis that
kidney morphology in younger patients, particularly those in the
early stages of TIDM, tends to be either preserved or enlarged.
In contrast, older patients, or those with longer disease duration,
are more likely to exhibit signs of renal atrophy.’* Overall, this
study highlights the utility of ultrasonography as an effective,
non-invasive tool for detecting early morphological changes
in diabetic kidneys. These changes, particularly with longer
diabetes duration, may be critical in assessing kidney health and
the potential risk for chronic kidney disease.** Our results suggest
that monitoring kidney size and shape over time could provide
valuable insights into the progression of kidney damage in TIDM
patients, emphasizing the importance of early intervention and
regular assessment to prevent long-term renal complications.*2

The major strength of this study is the fact that it used
ultrasound. Ultrasound is a non-invasive, practical, and
widely available imaging technique for the early detection
of morphological changes in the kidneys of individuals with
diabetes. This will allow follow-up and early intervention
strategies to be implemented in time to prevent long-term
kidney complications.

However, some limitations should be noted. Primarily,
generalizing the findings to the whole population is somewhat
hampered by the relatively small sample size and the study’s
limited scope to one center. Second, it cannot be proven that
a direct link exists between structural changes and kidney
dysfunction due to the lack of biochemical correlates, such as
serum creatinine, glomerular filtration rate, and urinary albumin.

Nevertheless, the results we obtained are clinically
significant. Monitoring kidney size and shape over time
using ultrasound is an effective tool for detecting diabetic
nephropathy. Integrating ultrasound with kidney biomarkers
may contribute to future studies, improve risk assessment, and
enable timely intervention. Ultimately, these strategies may
play a crucial role in reducing the burden of chronic kidney
disease in patients with TIDM.

Conclusion

Ultrasound imaging is an effective and safe way to
measure the kidneys, detect early changes, and monitor and
intervene in kidney health in TIDM. To determine the correct
kidney measurements, it is necessary to know the measurements
of healthy adults, as they are affected by various factors. Our
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study supports the hypothesis that the duration of TIDM leads
to gradual changes, and most of them showed renal hypertrophy
(73.7%), with some showing renal dystrophy (26.3%).

In this study, these changes are in line with previous studies
on early-stage renal hypertrophy and glomerular hyperfiltration.
The duration of longer diabetes appears to increase the likelihood
of kidney atrophy, especially in older patients. We found at King
Abdulaziz Specialist Hospital (KASH) in Taif city and at King
Faisal that there is a need to study the normal values of kidney
size among Saudis, and we recommend expanding the scope of
this study throughout Saudi Arabia.

Since TIDM is a growing problem in Saudi Arabia,
more research is needed in other parts of the country to better
understand its complications and risk factors to reduce its
burden.
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Abstract

Background: Vitamin D has been implicated in asthma pathophysiology through immunomodulatory and anti-inflammatory
mechanisms, although evidence regarding its association with asthma control remains inconsistent. There are no data for the
Albanian population that we can use to investigate the level of serum 25(OH)D and its correlation with clinical variables in asthma
patients

Methods and Results: This cross-sectional study included 163 adult patients diagnosed with bronchial asthma who were ambulatory,
consulted, or hospitalized in the University Hospital Center Tirana, Albania, between November 2024 and October 2025. Asthma
control was assessed using the Asthma Control Visual Analogue Scale (AC-VAS; 0-25). Serum 25(OH)D concentration was
measured by chemiluminescent immunoassay (CLIA). The primary outcome variable was asthma control measured by the AC-
VAS score. Serum 25(OH)D (ng/mL) was analyzed both as a continuous variable and as a categorical variable. Associations were
examined using non-parametric tests, linear regression analysis, and moderation analysis (PROCESS macro) to explore potential
effect modification by vitamin D status.

Serum 25(OH)D levels were 18.3548.72 ng/mL, indicating a high prevalence of deficiency. Spearman’s rank correlation analysis
demonstrated a statistically significant negative correlation between age and serum 25(OH)D levels (p =—0.24, P=0.003). Serum
25(0OH)D levels were positively associated with AC-VAS scores, although this association did not reach statistical significance
(P =0.097). Spearman’s rank correlation analysis demonstrated a statistically significant negative correlation between AC-VAS
scores and age (p =—0.19, P = 0.015), as well as between AC-VAS scores and body mass index (BMI) (p =-0.17, P = 0.031).
In the multivariable-adjusted general linear model, age remained independently and negatively associated with AC-VAS scores
(B =-0.048, SE = 0.022; P = 0.030). Serum 25(OH)D levels (B = 0.039, SE = 0.036; P = 0.269) and BMI (B = —0.065, SE =
0.057; P=0.253) were not significantly associated with asthma control after adjustment. Asthma phenotype remained statistically
significantly associated with AC-VAS scores in the adjusted model (global test P = 0.031). Among the phenotype categories,
phenotype 6 was independently associated with higher AC-VAS scores than phenotype 1 (B =3.612, SE=1.198; P=0.003). The
moderation analysis indicated that the association between BMI and asthma control differed according to 25(OH)D category, with
a significant conditional effect observed only at serum 25(OH)D levels > 20 ng/mL.

Conclusion: Vitamin D deficiency was highly prevalent among Albanian adults with asthma but was not independently associated
with asthma control. Asthma control was associated with age, body mass index, and asthma phenotype. Vitamin D did not show a
direct effect but appeared to modify the association between BMI and asthma control, suggesting a context-dependent role. Further
longitudinal and interventional studies are required to confirm these findings and clarify their clinical implications. (International
Journal of Biomedicine. 2026;16(2):201-206.)
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Introduction

Asthma is a clinically heterogencous syndrome
characterized by chronic airway inflammation and airway
hyperresponsiveness, its hallmark features. Distinct aggregations
of demographic and clinical attributes have been delineated
as “clinical asthma phenotypes,” generally showing limited
correlation with discrete underlying pathobiological mechanisms
or differential therapeutic responsiveness.! Vitamin D may
influence asthma through effects on lung development, immune
regulation, and airway smooth-muscle remodeling. Many studies
suggest that lower vitamin D levels are linked to more severe
asthma, though results are not always consistent. These potential
effects have led to interest in using vitamin D as a preventive or
therapeutic option in children with asthma.2Recent investigations
have identified a correlation between vitamin D deficiency and an
elevated risk of both asthma onset and exacerbation.*# Vitamin D
deficiency was associated with increased risk of asthma, current
wheezing, and reduced lung function in a large study of British
adults, suggesting that higher vitamin D levels may reduce
asthma risk and improve disease control.2 A systematic review of
randomized controlled trials up to November 2022 examined the
effects of vitamin D supplementation in children and adults with
asthma. While vitamin D did not reduce type 2 inflammatory
markers such as IgE or eosinophils, it was associated with
increased serum IL-10, an anti-inflammatory cytokine. These
findings suggest that vitamin D may modulate anti-inflammatory
pathways rather than directly affecting type 2 inflammation.®
Biomarkers indicative of type 2-driven airway inflammation have
particular clinical utility, especially for phenotyping, stratifying,
and managing refractory and severe asthma.

There are no data for the Albanian population that we
can use to investigate the level of serum 25(OH)D and its
correlation with clinical variables in asthma patients. This study
provides evidence for a potential association between serum
vitamin D levels and reported asthma control, potentially linked
to disease severity, laying the groundwork for future research
and informing possible preventive and therapeutic strategies in
the Albanian population.

Materials and Methods

This cross-sectional study included 163 adult patients
diagnosed with bronchial asthma who were ambulatory,
consulted, or hospitalized in the University Hospital Center
Tirana, Albania, between November 2024 and October 2025.
Demographic and clinical data were collected, including age,
gender, body mass index (BMI), smoking status, skin prick test
results, comorbidities such as rhinosinusitis, nasal polyposis,
and asthma phenotype classification. Asthma control was
assessed using the Asthma Control Visual Analogue Scale (AC-
VAS; 0-25) (Figure 1).

How well controlled is your asthma?

Not controlled Very well controlled

-
- —
0123456789 1011 1213 415161718192 21223 M2

0 Mark the point on the line that best represents your asthma control.
Figure 1. AC-VAS; 0-25 for asthma control.

Serum 25(OH)D concentration was measured by
chemiluminescent immunoassay (CLIA). Serum 25(OH)
D values were available for 155 participants. The primary
outcome variable was asthma control measured by the AC-
VAS score. Serum 25(OH)D (ng/mL) was analyzed both
as a continuous variable and as a categorical variable. For
moderation analyses, 25(OH)D status was dichotomized (<20
ng/mL vs >20 ng/mL), while for subgroup analyses, 25(OH)
D levels were categorized into three groups (<20, 20-30,
and >30 ng/mL). Independent variables included age, age at
asthma diagnosis, BMI, gender, asthma phenotype, smoking
status, rhinosinusitis, nasal polyposis, and skin prick test
categories. Asthma clinical phenotypes were classified into
six subtypes based on available anamnestic and clinical data
(Tables 1 and 2).

Table 1.
Characteristics of classification for probably T2-high phenotypes.
Key Characteristics for likely T2-High phenotypes
Childhood onset; atopy-positive, positive skin
Phenotype 1 allergy tests, 1 specific IgE
Adulthood onset steroid-resistant, blood
Phenotype 2 eosinophilia, sputum eosinophils/neutrophils,
CRSwNP
Phenotype 3 Adulthood onset, CRSWNP + NSAID sensitivity
Table 2.

Characteristics of classification for probably T2 -low phenotypes.

Key Characteristics for Likely T2-Low Phenotypes

Middle-aged, non-atopic
symptoms, perimenopausal

woman, severe

Phenotype 4

Adults, smoking history, steroid resistance,

Phenotype 5 neutrophils in sputum, fixed airflow obstruction

Older adults >55 years, non-atopic, severe
symptoms, frequent exacerbations, more
comorbidities, misdiagnosed as COPD.

Phenotype 6

Statistical analysis

Continuous variables are reported as mean + SD and
categorical variables as n (%). Due to non-normal distributions,
non-parametric tests were used. Spearman’s p assessed
correlations between vitamin D or AC-VAS and continuous
variables. The Mann—Whitney U and Kruskal-Wallis tests
were used to compare vitamin D and AC-VAS across binary
and multi-category clinical variables, respectively. Subgroup
analyses by asthma phenotypes examined AC-VAS across
25(OH)D categories (<20, 20-30, >30 ng/mL) using Kruskal—
Wallis tests. General linear models were used to assess crude
and multivariable-adjusted associations between age, BMI,
vitamin D, asthma phenotype, and asthma control (AC-VAS),
with Bonferroni correction applied for multiple pairwise
comparisons of asthma phenotypes.

Moderation analyses were conducted using PROCESS
for SPSS (Model 1) to assess whether 25(OH)D status
(<20 ng/mL vs > 20 ng/mL) modified associations between
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predictors and asthma control (AC-VAS). Age, asthma
phenotype, and BMI were tested in separate models. Main
effects, predictor x 25(OH)D interactions, and conditional
effects were examined.

Results

Among 163 patients, 109(66.9%) were females and
54(33.1%) were males. The mean age was 48.24 + 16.70 years,
while the mean age at asthma diagnosis was 32.88 + 16.71
years. The mean body mass index (BMI) was 28.26 + 5.73 kg/
m?. The mean AC-VAS score was 14.58+3.86. Serum 25(OH)D
levels were 18.35 + 8.72 ng/mL for 155 participants. Regarding
asthma phenotype distribution, phenotype 2 was the most
prevalent (64/39.3% cases), followed by phenotype 1 (58/35.6%
cases). The remaining phenotypes were less frequent. Smokers
accounted for 26(16.0%) participants. Rhinosinusitis was
present in 74(45.7%) patients, and nasal polyposis in 29(17.8%)
patients. Skin prick testing for aeroallergens was negative in 82
(50.3%) patients, while sensitization to only indoor allergens
was observed in 32 (19.6%) cases, to only outdoor allergens in
12 (7.4%) cases, and to both indoor and outdoor allergens in 37
(22.7%) cases (Table 3).

Table 3.

Baseline demographic and clinical characteristics of the study
population.

Variable Value
Age (years) 48.24 +£16.70
Age at diagnosis (years) 32.88 +16.71
Body mass index (kg/m?) 28.26 £5.73
Serum 25(OH)D (ng/mL) 18.35+£8.72 1
Asthma control (AC-VAS, 0-25) 14.58 £3.86
Gender

Female 109 (66.9)

Male 54 (33.1)
Asthma phenotype

Phenotype 1 58 (35.6)

Phenotype 2 64 (39.3)

Phenotype 3 7(4.3)

Phenotype 4 9(5.5)

Phenotype 5 10 (6.1)

Phenotype 6 15(9.2)
Smoking status

Yes 26 (16.0)

No 137 (84.0)
Rhinosinusitis

Yes 74 (45.7)

No 88 (54.3)
Nasal polyposis

Yes 29 (17.8)

No 134 (82.2)
Skin prick test

Negative 82 (50.3)

Indoor 32 (19.6)

Outdoor 12 (7.4)

Both 37 (22.7)

Data are presented as mean + standard deviation or n (%), as
appropriate.

+ Vitamin D values were available for 155 participants.

AC-VAS: Asthma Control Visual Analogue Scale.

Spearman’s rank correlation analysis demonstrated a
statistically significant negative correlation between age and
serum 25(OH)D levels (p = —0.24, P = 0.003). No significant
correlation was observed between 25(OH)D levels and BMI (p
=—0.08, P=0.352). Comparisons of gender, asthma phenotype,
smoking status, rhinosinusitis, nasal polyposis, and skin prick
test categories showed no statistically significant differences in
25(OH)D levels (Table 4).

Table 4.

Associations between serum 25(OH)D levels and demographic and
clinical variables.

Variables compared |Statistical test Test statistic| P-value”

Vitamin D and age |Spearman’s rank correlation| p =—0.24 | 0.003
Vitamin D and BMI|Spearman’s rank correlation| p =—0.08 | 0.352

Vitamin D across

sex (male vs female) 2=063 10532

Mann—Whitney U test

Vitamin D across

asthma phenotype Kruskal-Wallis test

H=3.07 | 0.690

Vitamin D across

smoking status Z=0.25 |0.805

Mann—Whitney U test

Vitamin D across

AL LAt Z=-0.50 | 0.619
rhinosinusitis

Mann—Whitney U test

Vitamin D across

: Z=-0.70 | 0.483
nasal polyposis

Mann—Whitney U test

Vitamin D across

. ->°|Kruskal-Wallis test
prick test categories

H=0.21 [ 0976

" P-values derived from Spearman’s rank correlation, Mann—Whitney
U test, or Kruskal-Wallis test. A P-value of < 0.05 was considered
statistically significant.

Spearman’s rank correlation analysis demonstrated a
statistically significant negative correlation between AC-VAS
scores and age (p =—0.19, P =0.015), as well as between AC-
VAS scores and BMI (p = —0.17, P = 0.031). No significant
correlation was observed between AC-VAS scores and age at
diagnosis (p =—0.04, P = 0.641) or serum 25(OH)D levels (p =
0.14, P =0.095).

Comparisons  across  gender, smoking status,
rhinosinusitis, nasal polyposis, and skin prick test categories
showed no statistically significant differences in AC-VAS scores
(all P> 0.05). In contrast, a statistically significant difference in
AC-VAS scores was observed across asthma phenotypes (H =
13.11, P = 0.022). In subgroup analyses stratified by asthma
phenotypes, no statistically significant differences in AC-VAS
scores were observed across 25(OH)D categories in either
likely T2-high or likely T2-low phenotypes (Table 5).

In crude (unadjusted) analyses, increasing age was
significantly associated with lower AC-VAS scores (B =—0.042,
SE =0.018; P=0.021). BMI also showed a significant negative
association with asthma control (B = —0.110, SE = 0.052; P=
0.037). Serum 25(OH)D levels were positively associated
with AC-VAS scores, although this association did not reach
statistical significance (B = 0.060, SE = 0.036; P = 0.097). In
the unadjusted model, asthma phenotypes showed a significant
overall association with AC-VAS scores, as indicated by the
global test (P = 0.026), with phenotype 6 demonstrating higher
AC-VAS scores than phenotype 1.
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Table 5.

Associations between asthma control (AC-VAS) and demographic
and clinical variables.

Table 6.

Crude and multivariable-adjusted generalized linear model (GLM)
analyses of factors associated with asthma control (AC-VAS).

Variables compared Statistical test Test P-value®
statistic

AC-VAS and age Spearman’s rank correlation | p=-0.19| 0.015

AC-VASand Spearman’s rank correlation | p =—0.04| 0.641

age at diagnosis

AC-VAS and BMI  [Spearman’s rank correlation | p=-0.17 | 0.031

AC-VAS and Vit D  |Spearman’s rank correlation | p = 0.14 | 0.095

AC-VAS across sex |y rnn Whitney Utest | Z=0.86 | 0.388

(male vs female)

AC-VAS across | yqeal Wallis test H=13.11] 0.022

asthma phenotype

AC-VASacross |\t Whitmey Utest  |Z=-0.33| 0.742

smoking status

AC-VAS across Mann-Whitney Utest  |Z=—1.15 0.252

rhinosinusitis

AC-VAS across : _

prick test categories Kruskal-Wallis test H=7.06| 0.070

AC-VAS across Mann-Whitney U test | Z=—0.27| 0.787

nasal polyposis

AC-VAS across Vit D

categories in T,- high [Kruskal-Wallis test H=1.98]| 0372

asthma phenotypes

AC-VAS across Vit D

categories in T -low  [Kruskal-Wallis test H=1.75] 0.418

asthma phenotypes

* P-values derived from Spearman s rank correlation, Mann—Whitney
U test, or Kruskal-Wallis test. A P-value of < 0.05 was considered
statistically significant.

In the multivariable-adjusted general linear model, age
remained independently and negatively associated with AC-VAS
scores (B =—0.048, SE = 0.022; P = 0.030). Serum 25(OH)D
levels (B=10.039, SE=0.036; P=0.269) and BMI (B =-0.065,
SE = 0.057; P = 0.253) were not significantly associated with
asthma control after adjustment. Asthma phenotype remained
statistically significantly associated with AC-VAS scores in the
adjusted model (global test P = 0.031). Among the phenotype
categories, phenotype 6 was independently associated with
higher AC-VAS scores than phenotype 1 (B = 3.612, SE =
1.198; P=0.003) (Table 6).

No statistically significant interaction effects were
observed for age or asthma phenotype. A statistically
significant conditional effect of BMI on AC-VAS scores was
observed in participants with serum 25(OH)D levels > 20 ng/
mL (b=-0.22, P =0.010), whereas no significant conditional
effects of BMI were found in participants with 25(OH)D
levels <20 ng/mL (all P> 0.05). (Table 7)

Serum 25(OH)D did not show an independent
association with asthma control. However, the moderation
analysis indicated that the association between BMI and
asthma control differed according to 25(OH)D category, with
a significant conditional effect observed only at serum 25(OH)
D levels > 20 ng/mL (Figure 2).

Predictor Crude B (SE) |p-value|Adjusted B (SE)| P-value
Age -0.042 (0.018)| 0.021 | -0.048 (0.022) | 0.030
Serum 25(OH)D | 0.060 (0.036) | 0.097 | 0.039 (0.036) | 0.269
BMI -0.110 (0.052) | 0.037 | -0.065 (0.057) | 0.253
‘2‘;{2{;21‘ {’elé‘:)“"type — 0.026 — 0.031
Phenotype 2 0.474 (0.682) | 0.488 | 1.097 (0.733) | 0.137
Phenotype 3 -2.591 (1.505)| 0.087 | -0.757 (1.670) | 0.651
Phenotype 4 -2.448 (1.348)| 0.071 | -0.766 (1.453) | 0.599
Phenotype 5 -0.148 (1.288)| 0.908 | 1.093 (1.399) | 0.436
Phenotype 6 2.218 (1.090) | 0.043 | 3.612 (1.198) | 0.003
Phenotype 1 Reference — Reference —

Two-tailed P-values are reported. A P-value of < 0.05 was considered
statistically significant.

Table 7.

Moderation analysis of the association between selected predictors
and asthma control (AC-VAS) by vitamin D category (PROCESS
Model 1).

Focal n Main effect | Interaction | Conditional effects
predictor (X) on AC-VAS|X x Vit D status| of X on AC-VAS
Conditional effects
b=—0.04 b=004 not reported;
Age 155| p_0030 | P=0266 |MOcvidenceof
’ ' differential effects by
vitamin D category
Conditional effects
Asthma 155 b=-0.24 b=0.26 |notreported,;
phenotype P=0.762 P=0.876 |no evidence of
conditional effects
Vitamin D <20 ng/mL:
b=-0.10 b=-0.19 |b=-0.03,P=0.673
BMI 34 p—0.055 | P=0.082 |Vitamin D >20ng/mL:

b=-0.22, P=0.010

A P-value of < 0.05 was considered statistically significant.

Interaction between BMI and Vitamin D on Predicted Asthma Control
Vitamin D status

180 = Vitamin D <20 ngimL_
— Vitamin D x 20 ng/mL

H
g

s

Predicted asthma control

’ \
100 200 00 w0 00 L

Body mass index (kg/m?)

Figure 2. Predicted AC-VAS scores across
BMI levels stratified by vitamin D category.



M. Hoxha et al. / International Journal of Biomedicine 16(2) (2026) 201-206 205

Discussion

In this cross-sectional study of Albanian adults with
asthma, serum 25(OH)D levels were generally low, with
mean concentrations in the deficient range, confirming a
high prevalence of suboptimal serum 25(OH)D status in
this population. This finding is consistent with reports from
other European cohorts and may reflect limited sun exposure,
dietary habits, or lifestyle factors.”® Serum 25(OH)D levels
were inversely associated with age, consistent with previous
evidence that advancing age is associated with reduced
vitamin D synthesis and availability.?

Despite widespread deficiency, serum 25(OH)D was
not independently associated with reported asthma control,
as assessed by the AC-VAS. The lack of a direct association
persisted across correlation analyses, subgroup comparisons,
and multivariable-adjusted regression models. These findings
align with several randomized trials and observational studies
suggesting that vitamin D may not exert a strong direct
effect on symptom control, particularly when assessed cross-
sectionally.l

In contrast, age and BMI emerged as more consistent
determinants of asthma control, with older age and higher
BMI associated with poorer control. These findings are
clinically relevant, with BMI modifiable or addressable
through targeted interventions. In adjusted models, asthma
phenotype was associated with asthma control; notably,
phenotype 6 was independently associated with higher AC-
VAS scores than phenotype 1. Serum 25(OH)D levels did not
differ significantly across phenotypes, suggesting comparable
serum 25(OH)D status across clinical asthma subtypes.

An important and novel observation of this study
was the moderating role of vitamin D on the relationship
between BMI and asthma control. The negative association
between BMI and asthma control was evident only among
participants with serum 25(OH)D levels > 20 ng/mL, whereas
no significant association was observed in those with vitamin
D deficiency. This finding suggests that serum 25(OH)
D status may modify the impact of adiposity on asthma-
related symptoms, potentially through immunomodulatory or
metabolic pathways. Although the interaction term reached
only borderline statistical significance, the conditional effects
analysis supports a biologically plausible modifying role of
vitamin D rather than a direct effect on disease control.

Contrary to some prior studies, serum 25(OH)D was not
associated with asthma subtype, smoking status, rhinosinusitis,
nasal polyposis, or allergic sensitization patterns. This may
reflect population-specific factors, limited statistical power
for subgroup analyses, or the multifactorial nature of asthma
control, in which vitamin D plays a secondary or context-
dependent role.

Overall, these findings suggest that serum 25(OH)D
deficiency is highly prevalent in Albanian asthma patients but
does not independently determine asthma control. Instead,
vitamin D may act as a contextual modifier, influencing the
relationship between metabolic factors, such as BMI, and
asthma outcomes. Longitudinal studies and randomized
controlled trials are needed to determine whether vitamin

D supplementation improves asthma-related outcomes
in selected subgroups, particularly overweight or obese
patients.

Limitations

It should be noted that cross-sectional design limits
causal interpretation, and vitamin D was assessed at a single
time point. Residual confounding and limited power in
subgroup analyses cannot be excluded.

Conclusion

Vitamin D deficiency was highly prevalent among
Albanian adults with asthma but was not independently
associated with asthma control. Asthma control was associated
with age, body mass index, and asthma phenotype. Vitamin
D did not show a direct effect but appeared to modify the
association between BMI and asthma control, suggesting a
context-dependent role. Further longitudinal and interventional
studies are required to confirm these findings and clarify their
clinical implications.
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Abstract

Background: The association between asthma and obesity is well-studied in school-age and older children, but such research
among preschool children is limited. The aim of this study was to measure obesity prevalence and evaluate its association with
asthma among young children under 5 years.

Methods and Results: This case—control study was conducted in pediatric hospitals and pediatric wards of general hospitals in
Mosul city, in northern Iraq. The study included 271 asthmatic children (with an allergic type of asthma) and 271 non-asthmatics
of both sexes aged <60 months.

Body mass index (BMI) was used to classify children as underweight, normal weight, overweight, or obese, based on the percentile
line on the gender-appropriate BMI/age growth chart provided by the World Health Organization. According to WHO definitions,
children were divided into the following groups: BMI <3rd centile (underweight), BMI 3rd—85th centile (normal weight), BMI
85th—97th centile (overweight), BMI >97th centile (obese).

The prevalence of obesity (36.5%) was significantly higher among asthmatic children than non-asthmatics (23.2%) (P=0.000). The
OR of being obese and asthmatic was 1.9 [95% CI: 1.30-2.76]. In addition, the mean BMI for cases and controls was 18.24+3.14 kg/
m? and 17.49+2.48 kg/m?, respectively, and, by Z-test, there was a significant difference between the groups: asthmatic patients had a
higher BMI than controls (P=0.0021). Significantly more obese asthmatic children had a high frequency of severe asthmatic attacks
requiring hospital admissions (>4 admissions/year) (67.7% vs. 37.8%, P=0.000), and the increase in the BMI was positively correlated
with such a number (R?>=0.12, P=0.01). Asthmatic obese young children experienced poor control of their asthma symptoms when
using long-term control drugs than the non-obese ones (75.8 % vs 46.5 %, P=0.000). The mean ages of onset of asthma among obese
asthmatic and non-obese asthmatic patients were 7.91+7.75 and 14.61+14.41 months, respectively (P<0.0001).

Conclusion: Obesity is prevalent among asthmatic young children, and it affects the disease profile in many aspects, including the
age of onset, frequency of severe attacks, and the difficulty in controlling the symptoms.(International Journal of Biomedicine.
2026;16(2):207-211.)
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Introduction

There is significant epidemiological and research
evidence of an obesity-related asthma phenotype. Compared
to children with healthy weight, children with obesity have a
higher chance of developing asthma. Obesity in children has
an increasing prevalence all over the world.}2 The asthma—
obesity syndrome remains poorly understood and lacks
a specific treatment strategy.? Obesity causes significant
changes to the chest wall and lungs’ mechanics, and these
mechanical changes cause asthma and asthma-like symptoms

such as dyspnea, wheezing, and airway hyperresponsiveness.
Excess adiposity is also associated with increased production
of inflammatory cytokines and immune cells, which may lead
to disease.? A recent study reported, a prevalence of 72.9% of
obesity among school-age and adolescent asthmatic children.3A
systematic review conducted by Malden et al.® reported that
obese children aged <10 years were at significant risk for the
development of asthma with an odds ratio (OR)=1.5.

The aim of this study was to measure obesity prevalence
and evaluate its association with asthma among young children
under 5 years.
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Materials and Methods

This case—control study was conducted in pediatric
hospitals and pediatric wards of general hospitals in Mosul
city, in northern Iraq, from December 1, 2022, to May 1, 2023.
The study included 271 asthmatic children (with an allergic
type of asthma) and 271 non-asthmatics of both sexes aged
<60 months. The diagnosis of asthma was established by
specialist pediatricians based on a history of asthma symptoms,
a wheezy chest on examination, a history of asthma symptom
recurrence, and chest X-ray findings consistent with asthma.
Drugs for long-term control of symptoms, including short-
acting inhaled B -agonists, long-acting ,-agonists, leukotriene
modifiers (montelukast), systemic steroids (prednisolone and
dexamethasone), and oral theophylline were all recorded.
Classification of asthma control was based on the symptoms
during the day, nighttime awakenings, need for short-acting
B-agonist drugs, and interference with normal child activity,
as shown below.

Component of control Well controlled Not well controlled Very poorly
controlled
Impairment symptoms < 2day/week, > days/ week or multiple times  Throughout the
butless thanonce on  on $2day/week day
each day
Night time awaking <1/month >1/month >1/week
Short acting B2-agonistuse < 2day/week > days/ week Several times per
for symptoms day
Interference with normal None Some limitation Extremely limited
activity

Adapted from Kliegman RM, St Geme JW 111, Blum NJ, Shah SS,
Tasker RC, Wilson KM, editors. Nelson textbook of pediatrics.
20th ed. Philadelphia (PA): Elsevier; 2016. p. 1195. ).[7]

Children with other diseases that mimic asthma were
excluded by their doctors. The control group was age-matched
to 271 healthy children attending the hospital’s vaccination
units who had no history of asthma symptoms. The exclusion
criteria for both cases and controls were children with any
disease that causes chronic respiratory complaints, children
with edema due to different causes, and children with chronic
use of drugs that can affect their BMI, like systemic steroids.

Written parental consent was obtained to participate in
the study, and specially designed questionnaires were used to
collect information and determine study parameters during a
direct interview.

The sample size of 271 children with asthma was
calculated according to the equation (Cochran’s Formula):

N = Z?PQ/d?, where

N = sample size, Z = statistical certainty, P = probability
problem under study (as a fraction of 1), Q = 1.0 —p, d =
desired margin of error

For both cases and controls, body weight was measured
to the nearest 0.1kg using a digital scale (Seca) with lightly
dressed, barefoot subjects. Then, standing heights or lying
lengths were measured with a stability scale or infantometer
to the nearest 0.1cm. Physical measurements of body weight
and length were used to calculate BMI (kg/m?). BMI was
used to classify children as underweight, normal weight,
overweight, or obese, based on the percentile line on the

gender-appropriate BMI/age growth chart provided by the
World Health Organization. According to WHO definitions,
children were divided into the following groups: BMI <3rd
centile (underweight), BMI 3rd—85th centile (normal weight),
BMI 85th-97th centile (overweight), BMI >97th centile
(obese).}

Microsoft Excel 2020 and SPSS (Statistical Package for
the Social Sciences) v. 27 were used for statistical analysis.
Baseline characteristics were summarized as frequencies
and percentages for categorical variables and mean+standard
deviation (SD) for continuous variables. The chi-square
test was used for studying associations, Fisher’s exact test
was an alternative to the chi-square test for small samples,
a two-sample Z-test was used to compare means, Pearson’s
correlation coefficient was used to study correlations,
crosstabs statistics in SPSS was used for calculating OR and
95% confidence interval (CI), and linear regression was used
to study relationships. Statistical significance was set at a
P-value of <0.05.

Results

In the basic demographic data table for cases and
controls, there were no significant differences in gender
distribution or age groups (P=0.343). The means of the age
of both groups were also matched. The mean age of cases in
months was 29.0+18.3, the mean age of controls in months
was 26.0+£18.3, P=0.057 (Table 1).

Table 1.

Demographic characteristics of cases (asthmatics) and controls
(non-asthmatics).

] Cases Controls
Variable (asthmatics) | (non-asthmatics) P-value
Male 120 (44.3%) | 131 (48.3%)
0.343
Gender Female 151 (55.7%) | 140 (51.7%)
Total 271 (100%) |271 (100%)
<12 77 (28.4%) |93 (34.3%)
13-24 67 (24.7%) |69 (25.5%)
Age groups 25-36 36 (13.3%) |38 (14.0%) 0.189
(months) |37 48 |54(19.9%) |34 (12.5%)
49 - 60 37 (13.7%) |37 (13.7%)
Mean £SD|29.0+ 18.3 | 26.0+18.3 0.057

The prevalence of obesity (36.5%) was significantly
higher among asthmatic children than non-asthmatics (23.2%)
(P=0.000) (Table 2). The OR of being obese and asthmatic
was 1.9 [95% CI: 1.30-2.76]. In addition, the mean BMI for
cases and controls was 18.2443.14 kg/m? and 17.49+2.48
kg/m?, respectively, and, by Z-test, there was a significant
difference between the groups: asthmatic patients had a higher
BMI than controls (P=0.0021).
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Prevalence of overweight and obesity among cases and controls.

BMI Cases Controls P-value
Obese BMI (> 97%) 99 (36.5%) |63 (23.2%) |0.000
Overweight BMI (85% - 97%) |61 (22.5%) |50 (18.5%) |0.242
BMI (< 85%) 111 (41.0%) | 158 (58.3%)[0.000
Total 271 (100%) |271 (100%)

Table 4.

209

Asthma control by drugs among obese and asthmatic patients and
non-obese asthmatic patients.

Significantly more obese asthmatic children had a
high frequency of severe asthmatic attacks requiring hospital
admissions (>4 admissions/year) (67.7% vs. 37.8%, P=0.000),
and the increase in the BMI was positively correlated with
such a number (R?=0.12, P=0.01) (Table 3 and Figure 1).

Table 3.

Frequency of hospital admissions/year among obese asthmatic
patients and nonobese asthmatic patients.

Number of hospital | Obese None-obese | P-value
admissions per year | asthmatics asthmatic

1 or less 1(1%) 8 (4.7%) 0.140
2-4 31(31.3%) | 99 (57.5%) 0.000
5-6 48(48.5%) | 49 (28,5%) 0.001
>6 19(19.2%) 16 (9.3%) 0.019
Total 99(100%) 172(100%)

R? Linear = 0.117

asthmatic attacks

How many time a years the child enter the hospital because

Figure 1. Correlation between BMI and the number
of vearly hospital admissions because of asthmatic
attacks among asthmatic children.

In the current study, significantly more asthmatic obese
young children experienced not well control of their asthma
symptoms when using long-term control drugs than the non-
obese ones (75.8 % vs 46.5 %, P=0.000) (Table 4).

The mean ages of onset of asthma among obese
asthmatic and non-obese asthmatic patients were 7.91+7.75
and 14.61+£14.41 months, respectively. Obese patients had
an carlier onset of their symptoms than the non-obese group
(P<0.0001) (Figure 2).

Type of asthma control | Obese None-obese | P-value
asthmatics | asthmatics

Well-controlled 23 (23.2%)| 92 (53.5%) 0.000
Not well controlled 75(75.8%) | 80 (46.5%) 0.000
Poorly controlled 1(1.0%) 0 (0%) 0.365
Total 99(100%) | 172(100%)

70

60 -

50

30
20 |

Figure 2. Age of asthma onset (in months) among obese
and non-obese asthmatic patients.

Discussion

The worldwide prevalence of childhood obesity is about
10%, and in Iraq, this prevalence ranges from 19% to 21.1%
in different cities.>! In the current study, obesity prevalence
was not far from this range among non-asthmatic children
(23%), but a significantly higher prevalence (36.5%) was
found among the asthmatic group, i.e., more than one-third
of them were obese with a high OR (1.9), and such finding
supports the association between these two morbidities. We
think that the rather sedentary lifestyle due to the avoidance of
strenuous physical activity or active play that may precipitate
asthmatic attacks is the main cause of such a high prevalence
of obesity among asthmatic children. Borgmeyer et al.? also
found a high prevalence of obesity (19.6%) among the studied
asthmatic children in their study, but it was less than ours,
which is most likely explained by the regional variation of
childhood obesity prevalence, because many studies in Iraq
documented a higher prevalence of childhood obesity than
the global one 21313 Although overweight was more prevalent
among the asthmatic children in this study (22.5%) than in
the control group (18.5%), this difference was not statistically
significant, indicating the high prevalence of overweight in the
pediatric population in general, and future studies on a large
scale of the pediatric population may find different results. A
lot of controversy exists about the association between obesity
and asthma severity, expressed as the frequency of attacks and
the patient’s response to the controller drug therapy. Some
studies support this association,’12 while others contradict
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it 221 The current study found that significantly more obese
asthmatic children had a higher annual frequency of severe
asthmatic attacks requiring hospital admissions than the non-
obese asthmatics, 67.7% vs. 37.8%, respectively (P=0.000).
Moreover, the increase in BMI was positively correlated with
such frequency (R*=0.12, P=0.01).

The asthma—obesity phenotype and its effect on the
response to drug treatment strategies are a matter of debate
among studies. Some studies confirm this effect, while others
deny it22* In this study, a significantly high percentage
of obese asthmatic children had either partly controlled
or poorly controlled asthma (based on their daytime and
nighttime symptoms) using controller drugs than did their
non-obese asthmatic peers. The other way in which obesity is
likely to affect the asthma profile is the age of onset of asthma
symptoms. According to this study, the asthma—obesity
phenotype is associated with a significantly earlier mean age
of onset of asthmatic symptoms compared to the non-obese
group (7.91£7.75 and 14.61+14.41 months). A similar finding
is reported by other investigators.

In conclusion, obesity is prevalent among asthmatic
young children, and it affects the disease profile in many
aspects, including the age of onset, frequency of severe
attacks, and the difficulty in controlling the symptoms.
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Abstract

Background: Community-acquired pneumonia (CAP) is a global healthcare problem and one of the leading causes of death and
hospitalization among respiratory diseases. Cough is the most common symptom of pneumonia. Diagnosing pneumonia using
cough sounds is a useful non-invasive test that can be performed outside a hospital. The objective of this study was to conduct
a spectral analysis of cough sounds in patients with pneumonia compared with the cough in patients with asthma (BA), chronic
obstructive pulmonary disease (COPD), coronavirus disease 2019 (COVID-19), and an induced cough in healthy individuals,
using citric acid.

Methods and Results: The study’s main group consisted of 65 patients with pneumonia (81.4% men and 18.6% women; mean age
of 43.5 [18.0; 70.0] years). The comparison groups consisted of patients with BA (n=38), COPD (n=35), COVID-19 (n=40), and
healthy individuals (n=45). The cough sounds were recorded using the spectral tussophonobarography method based on the Fast
Fourier Transform Algorithm, which provides a frequency-based distribution of sound energy. We estimated the time-frequency
parameters of sounds of the entire cough episode, as well as for separated phases of the cough sound: duration (T, T1, T2, T3), the
ratio of the energy of low and medium frequencies (60-600 Hz) to the energy of high frequencies (600-6000 Hz) (Q, Q1, Q2, Q3),
and the frequency of maximum sound energy (Hz) (Fmax, Fmax1, Fmax2, Fmax3).

The cough parameters in the main group and the comparison groups had significant differences. In patients with pneumonia,
the total cough duration (T) and T2 were significantly shorter than in all comparison groups. In contrast, T1 was significantly
prolonged compared with patients with COPD, BA, COVID-19, and healthy subjects with induced cough. T3 was significantly
shorter in pneumonia than in healthy individuals with experimentally induced cough. Overall, cough episodes in pneumonia were
characterized by a predominance of low-frequency energy compared with BA and COVID-19. During the first cough phase, the
Q coefficient was significantly higher in pneumonia than in COVID-19. In the second cough phase, energy distribution shifted
toward lower frequencies compared with asthma and toward higher frequencies compared with COPD and COVID-19. In the third
cough phase, pneumonia-related cough demonstrated a significantly greater proportion of high-frequency energy than induced
cough in healthy subjects. The maximum frequency (Fmax) in pneumonia was significantly lower than in COVID-19 and BA.
Fmax1 was significantly lower than in all comparison groups. Fmax2 was significantly lower than in BA, COPD, and COVID-19.
Fmax3 was also significantly lower in pneumonia compared with COVID-19.

Conclusion: Cough in patients with pneumonia demonstrates significant differences in key frequency—time characteristics compared
with cough sounds in patients with BA, COPD, and COVID-19. These findings suggest that spectral tussophonobarography may
be a useful tool for differential diagnosis of pneumonia. (International Journal of Biomedicine. 2026;16(2):212-216.)
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Introduction

Community-acquired pneumonia (CAP) is an infectious
lung inflammation contracted outside the hospital. CAP
incidence among all adults can reach 14 cases per 1,000.
Up to 50% of cases require inpatient hospitalization, and the
mortality rate reaches 0.7 per 1,000 persons per year. The
World Health Organization has reported that CAP accounts
for 4 million deaths per year, representing 7% of total annual
mortality.! Verification of pneumonia is based on the presence
of radiologically confirmed focal pulmonary infiltration and
clinical symptoms, identification of the causative pathogen,
assessment of disease severity and prognosis, and detection of
complications.2 Pneumonia is a seasonal disease, with its peak
incidence occurring during the autumn—winter period. The
timely use of radiological diagnostic methods may be limited
by heavy medical personnel workload, high demand for X-ray
equipment in primary health care facilities, and limited access
to appropriate diagnostic options in remote areas.

Clinically, the disease manifests with fever (77.1%),
dyspnea (62.7%), chest pain/discomfort (52.5%), and increased
sweating (20-50%).2¢ One of the most common symptoms of
pneumonia is a productive cough with sputum expectoration
(78.1%).%1 Cough is among the most frequent complaints of
patients seeking primary health care for respiratory diseases
such as bronchial asthma (BA), chronic obstructive pulmonary
disease (COPD), chronic bronchitis (CB), COVID-19,
pertussis, and pneumonia.f! Subjective methods of cough
assessment do not allow verification of the diagnosis of
pneumonia; rather, they serve as indirect measures reflecting
the patient’s perception of actual cough episodes rather than
an objective evaluation of cough itself. Objective assessment
aims to provide a quantitative and unbiased evaluation of
cough as a physiological and pathological phenomenon.
Various physical characteristics can be measured, including
cough strength/intensity, frequency, and acoustic properties.
Given that cough is a common symptom of pneumonia, its
acoustic characteristics may have diagnostic value and could
be considered an additional tool for early identification of
disease probability.1213

The objective of this study was to conduct a spectral
analysis of cough sounds in patients with pneumonia
compared with the cough in patients with asthma (BA),
chronic obstructive pulmonary disease (COPD), coronavirus
disease 2019 (COVID-19), and an induced cough in healthy
individuals, using citric acid.

Materials and Methods

The study’s main group consisted of 65 patients with
non-severe pneumonia (81.4% men and 18.6% women;
mean age of 43.5 [18.0; 70.0] years) without prior chronic
respiratory diseases who were treated on an outpatient basis
at Voronezh City Clinical Polyclinic Ne7 or hospitalized
in the Pulmonology department of Voronezh City Clinical
Emergency Hospital Nel from October 2024 to October 2025.
The diagnosis of pneumonia was established in accordance
with current clinical guidelines,® based on chest radiography

or computed tomography (CT) findings. The first comparison
group included 45 healthy individuals (78% male, 22%
female; mean age of 45.3 [32.2; 53.0] years) without prior
chronic respiratory diseases, in whom cough was induced
by inhalation of citric acid.? The second comparison group
consisted of 40 patients (73.68% male, 26.32% female; mean
age of 43.1 [30.2; 51.0] years) diagnosed with confirmed
COVID-19 (mild to moderate form). The third comparison
group included 38 patients with moderate persistent BA in
the phase of moderate exacerbation (82.74% male, 17.26%
female; mean age of 38.3 [32.2; 48.1] years). The fourth
comparison group comprised 35 patients with COPD, clinical
group E, in the phase of moderate exacerbation (72.54% male,
27.46% female; mean age of 52.3 [41.2; 65.3] years). No
significant differences in age or sex distribution were observed
between the groups.

Spectral ~ tussophonobarography  (STFBG)  was
performed to assess cough sound characteristics in the
study participants, allowing evaluation of cough duration
and frequency distributions according to the methodology
previously described.!*

Cough sounds were recorded in all patients using a
microphone. The recordings were normalized for amplitude
(up to 6 dB), the sampling rate was set to 48,000 Hz, and each
cough event was segmented into phases using Sound Forge 18
(MAGIX Software GmbH, Germany).

Each cough event was divided into three phases:

Phase 1 — opening of the glottis
Phase 2 — rapid air release from the lungs
Phase 3 — closing of the glottis.
Phase 3 may be absent in approximately one-third of
patients.
Subsequently, spectral analysis of cough sounds was
performed using the Fast Fourier Transform algorithm.
The following time—frequency parameters were evaluated:

* Total cough duration (T) and the duration of
each phase separately (T1, T2, T3), ms

* The ratio of low-frequency energy and mid-
frequency energy (60-600 Hz) to high-frequency
energy (600-6000 Hz) for the entire cough event (Q)
and for each phase separately (Q1, Q2, Q3)

* The frequency of maximum sound energy of
the entire cough event (Fmax) and of each individual
phase (Fmax1, Fmax2, Fmax3), Hz.

Statistical data processing was assessed using IBM SPSS
Statistics 23 (SPSS: An IBM Company, USA). The sample’s
compliance with the Gaussian distribution was assessed using
the Kolmogorov—Smirnov criterion. Numerical indicators of
cough parameters are presented as a median, with the upper
and lower quartiles indicated in brackets. For comparative
analysis, the Kruskal-Wallis test was used. Differences were
considered statistically significant at P<0.05.

Results

Table 1 presents the indicators of the comparative
analysis of the studied cough sound parameters.
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Table 1.

Spectral characteristics of the cough sounds in patients with Pneumonia, COVID-19, BA, COPD, and healthy individuals.
Parameter Pneumonia Healthy individuals COVID-19 Bronchial asthma COPD

(n=65) (n=45) (n=40) (n=38) (n=35)

T (ms) 330.0 (253.0;410.0) | 390.5(358.2;456.5)" | 343.5(280.0;400.2) 501.0 (419.2;624.5)* 452.2 (368.0;538.0) "
T1 (ms) 81.0 (58.5;102.0) 46.5 (37.7;55.2)" 45.0 (35.0;57.0)" 46.5 (37,0;58,0)# 44.9 (36,0;51,0)"
T2 (ms) 160.0 (124.0;211.5) | 271.5(202.7;321.7)" | 227.0 (189.7;275.2)" | 369.5 (286.0;467.7)" 311.0 (251.0;428.0)*
T3 (ms) 93.0 (88.6;41.2) 100.0 (71.0;131.0)" 82.0 (61.0;114.7) 81.0 (68.2;107.2) 71.0 (56.0;93.0)
Q 0.390 (0.302;0.673) | 0.437 (0.366;0.563) | 0.306(0.223;0.448)" | 0.305 (0.174;0.385)# 0.443 (0.316;0.547)
Ql 0.540 (0.354;0.811) | 0.505 (0.444;0.671) | 0.405 (0.262;0.578)™ | 0.626 (0.509;0.732) 0.505 (0.386;0.709)
Q2 0.254 (0.1835;0.447)| 0.284 (0.207;0.402) | 0.197 (0.197;0.289) | 0.181 (0.131;0.268)" 0.346 (0.258;476)™
Q3 0.590 (0.300;1.007) | 0.970(0.736;1.398)" | 0.719 (0.478;1.108) 0.568 (0.412;1.106) 0.713 (0.464;1.026)
Fmax (HZ) 370.0 (219.0;482.0) | 382.5(258.7;490.5) | 452.0(273.7;1034.4)™| 1.202.5(357.0;1678.2)* | 371.0 (328.0;453.0)
Fmax1 (HZ) 274.0 (213.0;542.0) | 397.5(258.7;565.5)" | 440.0 (282.5;620.5)" | 386.5(291.2;567.0)" 337.0 (276.0;574.0)*
Fmax2 (HZ) 539.0 (331.0;1235.5)| 1126.5 (226.5;1532.) | 960.0 (352.0;1609.7)" | 1382.5(975.5;1832.5)* | 414.0 (211.0;556.0)*
Fmax3 (HZ) 388.0(234.5;532.0) | 326.0(218.2;433.7) 313.0 (246.0;402.2)" | 358.5(329.6;477.0) 338.5(297.2;401.5)

T T1, T2, and T3 - duration (ms) of the cough act as a whole, Phase 1, Phase 2, Phase 3, respectively; Q, QI, 2, and Q3 - the ratio of
the total energy of low and medium frequencies to the energy of high frequencies of the cough act as a whole, Phase 1, Phase 2, Phase 3,
respectively; Fmax, Fmax1, Fmax2, Fmax3 — the frequency of maximum sound energy (Hz) of the cough act as a whole, Phase 1, Phase 2
Phase 3, respectively.
*- differences between the main group and the group of healthy individuals are significant at P<0.05; *- differences between the main group
and the group of patients with COVID-19 are significant at P<0.05; *- differences between the main group and the group of patients with BA

are significant at P<0.05; *- differences between the main group and the group of patients with COPD are significant at P<0.05.

A comparative analysis of cough sounds in patients
with pneumonia and in healthy individuals with induced
cough revealed statistically significant differences in cough
act duration, which was shorter across all cough phases in
the pneumonia group. When comparing the Q coefficient,
significant differences were observed only in the third
phase of cough (Q3). In pneumonia, low-frequency energy
predominated. Analysis of the maximum sound energy
frequency revealed significant differences in Fmax only in
the first phase of cough (Fmax1), which was lower in patients
with pneumonia.

Comparison between patients with pneumonia and
COVID-19 showed statistically significant differences in
T1 and T2 of the cough act. The duration of the first phase
was shorter in the COVID-19 group, whereas the duration of
the second phase was longer in the pneumonia group. When
comparing the Q coefficients, significant differences were
observed in the second and third cough phases (Q2 and Q3),
with low-frequency energy predominating in pneumonia.
Fmax showed significant differences throughout the entire
cough act: Fmax, Fmax1, and Fmax2 were significantly lower
in patients with pneumonia, while Fmax3 was higher.

Comparative analysis of cough sounds in patients with
pneumonia and those with BA revealed significant differences
in overall cough duration (T) and in the first (T1) and second
(T2) phases. In pneumonia, overall T and T2 were significantly
shorter, whereas T1 was significantly longer. Statistically
significant differences in the Q coefficient were observed
across the entire cough act and in the second phase, with low-

frequency energy predominating in pneumonia. The maximum
sound energy frequency (Fmax) in pneumonia was significantly
lower for the entire cough act and in the first and second phases.

Comparative analysis of cough sounds in patients
with pneumonia and those with COPD revealed significant
differences in overall cough duration (T) and in the first (T1)
and second (T2) phases. In pneumonia, overall T and T2
were shorter, whereas T1 was longer. When comparing the Q
coefficient, statistically significant differences were detected
only in the second phase of the cough act, with low-frequency
energy predominating in COPD. Fmax showed significant
differences in the first (Fmax1) and second (Fmax2) phases.
Compared with COPD, the maximum sound energy frequency
in pneumonia was significantly lower in the first phase and
significantly higher in the second phase.

Discussion

The study results demonstrate that the time—frequency
characteristics of cough sounds in pneumonia differ
significantly from those in patients with COVID-19, COPD,
BA, and citric acid—induced cough in healthy individuals,
suggesting diagnostic and differential diagnostic value. Cough
in patients with pneumonia is characterized by a shorter cough
act duration and a predominance of low-frequency energy.
The shift of the energy spectrum toward lower frequencies
may be caused by inflammatory consolidation of lung tissue,
decreased elasticity, and increased mass of the oscillating
medium due to intra-alveolar exudation.
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In COVID-19, the predominance of high-frequency
energy may be associated with more pronounced interstitial
involvement and bronchospasm,*-whereas in patients with
BA, a more uniform energy distribution may result from
variability in bronchial obstruction, mucosal edema, and
bronchospasm. In COPD, compared with the main group,
energy distribution shifts toward lower-frequency components
during the second phase of cough, which may be related to
the presence of more viscous, difficult-to-expectorate sputum.

At the Department of Faculty Therapy of Voronezh
State Medical University named after N.N. Burdenko,
STFBG has been studied as a diagnostic method for COPD, %
BA,¢6 COVID-19,4¢ and pneumonia.Z Using STFBG, a
characteristic cough sound pattern was identified in patients
with COVID-19. For rapid diagnosis, a prognostic model
based on a multiple regression equation was developed. In
addition, the effectiveness of antitussive therapy for dry cough
in COVID-19 was assessed using spectral analysis of cough
sounds.?

In the late 1990s, researchers in the same department
attempted to perform STFBG in patients with pneumonia;
however, reproducible, diagnostically significant results were
not obtained. This was likely due to the use of a more complex
data-processing technique based on the discrete Fourier
transform, which required powerful equipment that was not
readily available at the time.

In recent years, there has been a growing trend toward
increasing the number of studies aimed at diagnosing
respiratory tract diseases using spectral analysis of cough
sounds.

Porter et al.®® developed an automated algorithm for
analyzing cough sounds in various respiratory diseases, which
can be integrated into smartphones that also serve as recording
devices. The algorithm analyzed cough sounds in combination
with five clinical symptoms, including fever, rhinorrhea,
audible wheezing, hoarseness, and symptom duration. Mel-
frequency cepstral coefficients (MFCCs) and non-Gaussian
acoustic features were extracted from cough sounds, and a
classifier was trained. Diagnostic accuracy improved when
additional clinical parameters, such as respiratory rate, were
included. The proposed methods enabled the diagnosis of
pneumonia, with positive percent agreement of 87% and
negative percent agreement of 85%.

Liao S. et al.?? attempted to diagnose pneumonia and
bronchitis in children using cough sound analysis based
on CFCS. Cough sounds were recorded in 173 patients.
Support vector machines (SVM) and long short-term memory
(LSTM) neural networks were used to select diagnostically
significant parameters and train the classifier. The sensitivity
and specificity of the classifier for diagnosing pneumonia
were 87.5% and 93.3%, respectively. These results suggest
that the proposed CFCS-based classifier effectively diagnoses
pneumonia via cough-sound analysis.

Despite the potential of these approaches, the studies
have several significant limitations that hinder their practical
implementation. The use of neural networks does not always
allow the identification of specific parameters necessary for
accurate diagnosis and differential diagnosis of diseases based

on cough sounds. The need for subjective clinical assessment
reduces the sensitivity of the proposed algorithms.

Our study provides new data on the potential of spectral
analysis of cough sounds and its possible use as a reliable,
noninvasive marker for diagnosing pneumonia. In the future,
we plan to develop a prognostic model for pneumonia diagnosis
based on data obtained using STFBG and to investigate its role
in the dynamic assessment of the disease following treatment
initiation.

Conclusion

Pneumonia is a global healthcare problem and one of the
leading causes of death and hospitalization among respiratory
diseases. Cough is among the most frequent complaints of
patients seeking primary health care for respiratory diseases.
Cough in patients with pneumonia demonstrates significant
differences in key frequency—time characteristics compared
with cough sounds in patients with BA, COPD, and
COVID-19. These findings suggest that STFBG may be a
useful tool for differential diagnosis of pneumonia.
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Abstract

Background: Obstructive sleep apnea (OSA) is a common sleep-related chronic respiratory disorder. There are several factors for
characterizing OSA in adults. Two of the potential biomarkers in OSA are cell-free DNA (cfDNA) and tumor necrosis factor-alpha
(TNF-a)). Some reports indicate that obesity and other variables are likely the major risk factors influencing changes in serum
cfDNA and TNF-a levels. Given the controversial role of these two biomarkers, we planned to conduct the present study in male
patients with mild OSA and normal body mass index (BMI).

Methods and Results: Two groups of subjects were examined. Group 1 included 195 OSA men. Group 2 included 201 men as
normal controls (NC) without OSA. The participants in both groups were aged 51-60 years and had normal BMI in the range of
18.5 to 24.9 kg/m?. Polysomnography was used to determine the apnea-hypopnea index (AHI) and assess the severity of OSA. The
routine ELISA method was used to assess TNF-a and cfDNA in blood serum.

The present report found a significant increase in serum levels of cfDNA and TNF-a in OSA men with normal BMI compared to
healthy control men with normal BMI. Still, we did not find a significant correlation between serum cfDNA and TNF-a in the NC
and OSA groups.

Conclusion: The role of significantly increased levels of serum ¢fDNA and TNF-a is evident in OSA men with normal weight
BMI. Though both cfDNA and TNF-a show a significant correlation with BMI in obese patients with obstructive sleep apnea, a
direct association between cfDNA and TNF-a in normal-weight men with obstructive sleep apnea is not evident. Future studies
examining the involvement of key pro-inflammatory and anti-inflammatory biomarkers will clarify the precise roles of serum
cfDNA and TNF-a in patients with obstructive sleep apnea.(International Journal of Biomedicine. 2026;16(2):217-222.)

Keywords: obstructive sleep apnea * TNF-a ¢ ¢cfDNA ¢« BMI ¢ adult men
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Introduction episodes of partial or complete upper airway collapse or
obstruction during sleep, leading to transient asphyxia or

Obstructive sleep apnea (OSA) is a common sleep- temporary, reversible hypoxia and ischemia. It influences health
related chronic respiratory disorder! that occurs due to repeated and quality of life.2 Obstructive sleep apnea is considered one
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This is an open access article under the CC BY-NC-ND 4.0 license.
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of the independent risk factors in various disorders, including
cardiovascular diseases (CVDs), neurovascular disorders (e.g.,
stroke), daytime sleepiness, etc.>4

If daytime sleepiness and daytime-related symptoms
appear, the OSA is considered obstructive sleep apnea—
hypopnea syndrome (OSAHS) or obstructive sleep apnea
syndrome (OSAS).? The daytime sleepiness, awakenings with
snoring, and restless sleep are the common manifestations
with less common symptoms of headaches in the morning,
insomnia, mood changes, increased blood pressure or heart
rate, weight gain, nocturia, gastroesophageal reflux, erectile
dysfunction etc.>® Adolescents or adult people having OSA
of long-term go into sleep for a short period if they get
rest.” Despite the high prevalence of OSA, only about 10%
are properly diagnosed.! Men are afflicted with OSA more
frequently than women, which could be the protective effect
of progesterone in women. However, postmenopausal women
present a similar frequency of OSA occurrence and have a
higher frequency than women in pregnancy.? There is a link
between body mass index (BMI) and the high prevalence of
OSA since an increase in body weight is associated with the
development of a higher risk of OSA.1>The OSA is managed
by proper exercise (even without weight loss), weight loss,
and avoiding smoking, muscle relaxants, and sedatives.
Continuous positive airway pressure (CPAP) is quite
effective.!! Considering prognosis, people with OSA have an
increased risk of hypertension, heart attack, congestive heart
failure, depression, and diabetes, compared to those without
OSA. Cardiovascular diseases and stroke associated with OSA
contribute to early death in older adults.!2

Smoking increases the risk of developing OSA.? Some
of the medications, including sedatives, and medical conditions
of asthma and allergic rhinitis, may complicate the occurrence
of OSA.2 Genetic factors and various phenotypes contribute
to the development and progression of OSA.** Physiological
changes appearing are sleep fragmentation, hypoxia, hyperoxia,
and dysfunction of the autonomic nervous system that may
lead to inflammatory changes and to clinical consequences.'
Some of the physiological/metabolic consequences in adults are
diabetes, hypertension, ischemic heart disease, obesity, stroke,
metabolic syndrome (MetS), etc 21612

Biomarkers comprising the genetic factors for the
characterization in adults with OSA were studied.!®
Cell-free DNA (cfDNA) was studied as a biomarker® in
inflammation-related disorders.'#2-2¢ Several studies have
shown an increase in serum/plasma cfDNA in patients with
OSA .22 However, no significant change in cfDNA was also
investigated in OSA patients compared to controls.2¢-3%3 In
several studies, increased serum/plasma TNF-alpha (TNF-a)
levels have been observed in patients with OSA.%32 No
change in the levels of TNF-a in patients with OSA compared
to controls was also documented, and it was revealed that
there is no association of TNF-a and cfDNA in patients with
OSA.2® A report presents an association between TNF-a
and pro-inflammatory cytokines, especially in autoimmune
diseases,* though no clear evidence of a correlation between
serum/ plasma TNF-o and cfDNA exists. In view of the
limited and controversial information regarding the role of

serum/plasma TNF-o and ¢fDNA, and their association in
patients with OSA, we planned the present study.

Materials and Methods

The present case-control study was conducted
after  obtaining ethical approval (Approval No:
HAPO-02-K-012-2022-01-1085) from the College of

Medicine of Umm Al-Qura University (UQU), Makkah,
Kingdom of Saudi Arabia (KSA). The research work was
carried out from Jan 20, 2023, to Dec 20, 2025, at the UQU-
associated hospitals/ medical clinics.

The male adult OSA participants were well informed
about the purpose and the schedule of collecting their history
and blood samples. Detailed interviews were arranged after
selecting the patients/control subjects. A comprehensive
medical history/physical examination of OSA in adult male
patients was performed.

Two groups of subjects were examined. Group 1
included 195 OSA men. Group 2 included 201 men as normal
controls (NC) without OSA. The participants in both groups
were aged 51-60 years. The participants in both groups in the
current study had normal BMI in the range of 18.5 to 24.9
kg/m?. The sample size was calculated using the calculator
and the sample size formula.

Symptoms, including daytime sleepiness, loud snoring,
morning headaches, restless sleep, high blood pressure, and
high apnea-hypopnea index (AHI) scores, were specifically
documented in patients with OSA. The inclusion and exclusion
criteria for the various conditions/disorders were established.
Exclusion criteria were patients with CVDs, diabetes, MetS,
and other serious respiratory disorders, as well as obese and
overweight patients.

Polysomnography was used to determine the AHI
and assess the severity of OSA. To determine AHI, the total
number of apnea and hypopnea episodes/events was divided
by the total sleep hours. Episodes of apnea and hypopnea
were considered as such if they lasted at least 10 seconds.
The OSA diagnosis in adults is defined by an AHI exceeding
5 events per hour, leading to daytime sleepiness (mild: 5-<15;
moderate: 15-<30; severe: >30 with fatigue). The present
study examined mild cases of OSA (AHI: >5-<15), as well as
subjects in a control group (NC) (AHI: <5). Routine ELISA
(Enzyme-Linked Immunosorbent Assay) method was used to
assess TNF-o and cfDNA in blood serum.

The IBM SPSS Statistics (version 24.0, IBM Corp.,
Armonk, NY) and GraphPad Prism (version 6.0, San
Diego, CA, USA) software were used for data analysis. The
mean+SEM were the values for the unpaired t-test analysis
for obtaining two-tailed p-values. The linear correlation was
analyzed by plotting the regression lines and obtaining R2 and
corresponding p-values. The P-value of <0.05 was considered
the threshold level showing a significant difference.

Results

Mean age in the OSA and NC groups were 55.51+0.20
and 55.39+0.20 years, respectively (P=0.67). The BMI values
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in the OSA and NC groups were 21.8940.15 and 21.81+0.15
kg/m?, respectively (P=0.69).

Serum TNF-a level in NC and OSA groups was 5.19+0.29
and 9.42+0.52 pg/mL, respectively (P<0.001) (Fig.1). Serum
level of cfDNA in NC and OSA groups was 114.50+4.76 and
186.65+8.03 ng/mL, respectively (P<0.001) (Fig.2).
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Fig.1. Serum TNF-o in adult men with OSA and
NC adult men with normal BMI.

250

50
1]
OSA

NC

= %]
n =]
= (=]

cfDNA (ng/mL)

b
=]
=]

Fig.2. Serum c¢fDNA in adult men with OSA and
NC adult men with normal BMI.

The NC group showed a non-significant association
between BMI and serum TNF-o (R*=0.005, P=0.30). In the
OSA group, we found a significant weak positive association
between BMI and TNF-a (R*=0.033, P=0.01). The NC group
showed a non-significant association between BMI and serum
cfDNA (R*=0.000, P=0.89). In the OSA group, a significant
weak positive association between BMI and cfDNA (R?=0.024,
P=0.03) was found. The associations of BMI with TNF-a and
cfDNA in the study groups are shown in Table 1.

Table 1.
Association of BMI with serum TNF-o and cfDNA in study groups.

) Association of BMI with TNF-a and cfDNA
Variable Groups
R? df P-value
NC 0.005 199 0.30
TNF-a
OSA 0.033 193 0.01
NC 0.000 199 0.89
cfDNA
OSA 0.024 193 0.03

BMI, bodzls mass index; TNF-o, tumor necrosis factor-alpha; cfDNA,
cell-free DNA; NC, normal control; OSA, obstructive sleep apnea;
R, ¢oefficient of determination.

Table 2 presents the association between serum TNF-a
and cfDNA. The slope, intercept, R?, and P-value indicate that
the association between TNF-a and cfDNA was not significant
in both groups.

Table 2.
Association between serum TNF-a and cfDNA in study groups.
Association between serum TNF-a and cfDNA
Groups
Slope | Intercept | R? df P-value
NC 1.25 108.03 0.006 199 0.28
OSA 0.97 105.31 0.010 193 0.16

TNF-a, tumor necrosis factor-alpha; cfDNA, cell-free DNA; NC,
normal control; OSA, obstructive sleep apnea;, R°, coefficient of
determination.

Discussion

Oxidative stress-related lipid and DNA oxidation have
been reported in previous studies in obstructive sleep apnea.
Ozben et al.22 showed that high systemic oxidative stress in
obstructive sleep apnea is associated with increased levels of
advanced oxidation protein products (AOPPs). The connection
between AOPPs, B-globin, and ischemia in OSA highlights a
cascade of oxidative stress that leads to molecular damage,
including DNA fragmentation (often assessed by cfDNA or
nucleosome levels). Studies of cfDNA indicate that, while
healthy individuals exhibit low levels of ¢fDNA in blood
serum, patients with OSA demonstrate significantly elevated
concentrations—often measured using the B-globin (HBB)
gene as a marker.2

An oxidative stress biomarker, cfDNA, at high levels
serves as a biomarker in several inflammation-related diseases,
including autoimmune diseases, ischemic heart disease,
stroke, cancer, acute coronary syndrome, and OSA 1821-2

While investigating the best global tests for
characterization, OSA patients showed elevated plasma
c¢fDNA levels.2? It was found that cfDNA, which is released
in apoptosis and shows elevated levels in cardiovascular
diseases, cancer, and other disorders, was significantly higher
in severe OSA than in subjects with mild to moderate OSA
and those without OSA.2® Furthermore, it was revealed that
OSA-related free radicals cause degradation and destruction
of fragmented nucleic acid-DNA, and resultantly, high levels
of ¢fDNA and nucleosomes are found.2¢¥ Higher levels of
cfDNA were obtained in OSA vs. healthy controls,? showing
linear correlation with the OSA severity.2® The patients with
severe and moderate OSA presented higher outcomes than
those with mild OSAS.3® Furthermore, double-stranded DNA
(dsDNA) and nucleosome levels were higher in OSA patients
than in the control healthy subject group.® While studying
several biomarkers of endothelial function/damage in OSA
patients in baseline and after 3-month therapy of CPAP, it was
revealed that circulating cfDNA increased significantly.*

The above-mentioned reports provide extensive
evidence for the results for serum cfDNA obtained in the
present study. However, OSA patients with AHI > 30 showed
higher plasma DNA levels, but no significant difference was
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observed between mild-to-moderate OSA patients with AHI
5-30.% We suggest that the study of the collective effects of
5-30 AHA shows the presentation of collective variations
not explainable logically. Additionally, DNA damage and
oxidative stress were not found in another study of patients
with OSA.3 In view of these findings, we suggest that the
criteria, methodology, and scenario of the mentioned studies
were different and that this was most likely the reason
behind the non-significant change of cfDNA in OSA patients
compared to their well-matched controls.

Several pro-inflammatory cytokines, including TNF-a,
were also found to be increased in OSA.2 The TNF-a
postoperative levels at the third month decreased significantly
compared to preoperative levels under the expansion sphincter
pharyngoplasty for OSA patients, which explains the role of
TNF-a in OSA patients.?? Other studies also reveal that the
adult patients with OSA showed significantly higher levels
of TNF-a compared to healthy and age-matched control
subjects.®®4 This indicates a strong association between
OSA and systemic inflammation.*? This is evident from the
investigation that a healthy weight loss lifestyle lowered the
plasma levels of TNF-a in OSA patients.*? These observations
are in accordance with our results in the present study.

On the other hand, there are several studies showing a
non-significant difference of TNF-a in OSA patients compared
to controls, mainly due to obesity/ overweight status instead
of apnea*#* The subgroup analysis showed no significant
difference in plasma TNF-a levels between OSA and control
adult subjects with BMI < 30 kg/m*# No significant change
in TNF-a is due to the confounding factors, mainly obesity,
differences in sample size, detection methods, study design,
and diurnal rhythms #4445

Serum/plasma levels of ¢fDNA associate positively
with pro-inflammatory cytokines, especially in autoimmune
diseases.** Another report reveals a concomitant increase
in ¢cfDNA and TNF-a in OSA.2 On the other hand, it is
known that CPAP therapy or moderate intensity physical
activity for OSA patients influences cfDNA and several
inflammatory biomarkers, including TNF-a. However, short-
term treatment with medium- to long-term CPAP or aerobic
exercise therapy in moderate-to-severe OSA patients did
not alter blood levels of cfDNA or TNF-o.2¢ This report and
some of the other cited reports explain that obesity and other
variables are most likely the major risk factors influencing
the change in serum cfDNA and TNF-a levels. Since we
studied OSA patients with normal-weight BMI in the present
study. The present report found a significant increase in
serum levels of cfDNA and TNF-a in OSA men with normal
BMI compared to healthy control men with normal BMI.
Still, we did not find a significant correlation between serum
c¢fDNA and TNF-a in the NC and OSA groups. The present
study emphasizes the need for further studies to better
understand the roles of relevant inflammatory markers in
interpreting the net contribution of serum cfDNA and TNF-a,
as well as their association with each other in OSA patients
with normal-weight, overweight, and obese subjects. There
are some studies that suggest limitations, corrections for
comorbidities, study design, sample size, methodological

limitations, diurnal rhythms, or different scenarios in patients
with mild-to-moderate OSA, and therefore, it is possible that
there is no significant correlation between serum/plasma
levels of ¢fDNA and TNF-a in OSA patients.

Conclusion

The role of significantly increased levels of serum cfDNA
and TNF-a is evident in OSA men with normal weight BML
The cfDNA is a biomarker for ischemia and hypoxia. Though
both ¢fDNA and TNF-a show a significant correlation with
BMI in obese patients with obstructive sleep apnea, a direct
association between cfDNA and TNF-o in normal-weight men
with obstructive sleep apnea is not evident. Future studies
examining the involvement of key pro-inflammatory and anti-
inflammatory biomarkers will clarify the precise roles of serum
c¢fDNA and TNF-a in patients with obstructive sleep apnea.
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Abstract

Background: Antiphospholipid syndrome (APS) is an autoimmune disease in which immune-mediated mechanisms promote a
chronic prothrombotic state, leading to an increased risk for thrombotic events and obstetric complications. Particularly during
their reproductive ages, females are disproportionately affected, making APS a major clinical concern in female populations.
Lupus anticoagulant (LAC) is recognized as the strongest laboratory predictor for thrombosis and adverse pregnancy outcomes,
among antiphospholipid antibodies. However, the clinical and laboratory correlates of LAC in women, including thrombosis,
homocysteine metabolism, genetic thrombophilia, and reproductive complications, remain poorly understood.

Methods and Results: This observational study included 522 individuals with a thrombotic event or pregnancy morbidity,
suspected of having APS. They were tested for LAC, homocysteine (HCY), and antiphospholipid antibodies. Subsequent analyses
were conducted exclusively among female participants to provide a more clinically meaningful and statistically reliable evaluation.
Association between LAC levels and APS classification, thrombotic events, homocysteine levels, the MTHFR gene mutations
(C677T and A1298C), and other conditions of pregnancy losses were evaluated using chi-square tests, Welch two-sample t-test,
and Pearson correlation as appropriate. Statistical analyses were performed using R software.

Among female participants (n=452), LAC positivity was observed in 35.2%, elevated homocysteine levels in 18.8%, and APS in
11.3%. Lupus anticoagulant levels were highly significant in participants with thrombotic events and APS classified. No significant
linear correlation was observed between LAC and homocysteine levels. In contrast, significant differences in LAC levels were
observed according to the MTHFR mutation status and history of other pregnancy losses.

Conclusion: This study highlights the central role of lupus anticoagulant as a key laboratory marker associated with thrombotic events
and APS-related manifestations in women. The lack of association with homocysteine further supports the concept of independent
pathogenic pathways. These findings underscore the importance of LAC assessment in the clinical evaluation and risk stratification
of patients with suspected antiphospholipid syndrome.(International Journal of Biomedicine. 2026;16(2):223-226.)
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Introduction risk for thrombotic events and obstetric complications.!

Antiphospholipid syndrome represents one of the leading

Antiphospholipid syndrome (APS) is an autoimmune causes of arterial and venous thrombosis, as well known for

disease in which immune-mediated mechanisms promote its contribution to pregnancy morbidity, including recurrent
a chronic prothrombotic state, leading to an increased pregnancy loss, placental insufficiency, and preeclampsia.
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The diagnosis and risk stratification rely on the detection
of antiphospholipid antibodies, including lupus anticoagulant
(LAC), anti-cardiolipin (aCL), and anti-B2-glycoprotein I
(anti-B2GPI), in combination with clinical criteria.? Among
antiphospholipid antibodies, LAC has been shown to be
the strongest laboratory predictor of thrombotic events and
pregnancy morbidity.® Despite LAC being established as a
criterion for APS diagnosis, its contribution to the broader
clinical and laboratory spectrum of APS remains poorly
understood. Elevated levels of homocysteine represent an
independent risk factor for endothelial dysfunction and
thrombosis and have been associated with adverse pregnancy
outcomes. Similarly, the MTHFR gene mutations may alter
homocysteine levels, contributing to thrombotic manifestations
and pregnancy complications.?

However, data that integrates LAC levels with
homocysteine metabolism, genetic thrombophilia, thrombotic
manifestations, and pregnancy morbidity in female cohorts
remains limited. Given the clinical impact of APS in women
and the central role of LAC in APS-pathology, a focused
evaluation of LAC-associated clinical and laboratory features
in female populations is warranted.

The aim of the present study was to investigate the
laboratory and clinical correlates of lupus anticoagulant in a
female cohort evaluated for APS, with emphasis on thrombotic
events, homocysteine levels, MTHFR mutations, other causes
of pregnancy loss, and antiphospholipid antibodies (aCL,
anti-B2GPI).

Materials and Methods

This retrospective, observational study was based on
data obtained from Intermedica Laboratory in Tirana, Albania,
collected between 2017 and 2025. All laboratory tests included
in the analyses were performed during routine clinical care
and are requested by treating clinicians. All data are analyzed
in anonymized form, with no access to identify personal
information. In this study, a total of 522 individuals/patients
were initially included with a thrombotic event or pregnancy
morbidity. Demographic characteristics, including age and
sex, were recorded. Age was analyzed as a continuous variable.
Because of'the clinical relevance of APS in females and unequal
gender distribution, analyses were restricted only to females
(n =452). All female participants were classified according to
clinical history and laboratory data. They were stratified into
four clinical groups: females with thrombotic events, females
with pregnancy losses associated with MTHFR positivity,
females with pregnancy losses related to APS, and females
with pregnancy losses for other conditions. Thrombotic events
were recorded as a binary variable (presence/absence) based on
clinical history. Detailed classification into venous or arterial
thrombosis was not available. The MTHFR mutation status
was assessed as part of routine thrombophilia screening and
was analyzed as a dichotomous variable (positive/negative),
without distinction between polymorphism type (C677T
or A1298C) or zygosity. APS status in this study reflects
antiphospholipid antibody positivity rather than a confirmed
APS diagnosis based on repeat testing after 12 weeks.

Lupus anticoagulant was measured using the dilute Russell’s
viper venom time (dRVVT) assay, according to standard
laboratory procedures, and expressed as ratio values. Positivity
was defined according to laboratory-specific cut-off values.
Anticardiolipin antibodies and anti-B2GPI (IgM/IgG) were
measured using a standardized enzyme-linked immunosorbent
assay (ELISA). Homocysteine levels were determined using a
standardized chemiluminescent immunoassay (CLIA).

For comparative analyses, participants were grouped
according to a binary classification (negative vs. positive) for
each variable of interest. Statistical analyses were performed
using Pearson’s chi-square test for categorical variables and
the Welch two-sample t-test for continuous variables. Pearson
correlation analysis was applied to assess linear relationships
between continuous variables. All analyses were conducted
using R software (version 4.5.1).

Results

A total of 522 participants were included in
the analysis (86.6% female, 13.4% male). The mean
age of the study population was 36.45+11.45 years.
Among female participants, the mean age was 36.15+10.73
years, ranging from 3 to 74 years. A small number of pediatric
cases were included, as testing for thrombophilia and
antiphospholipid antibodies was performed as part of routine
clinical evaluation.

The overall prevalence of LAC, HCY, and APS
positivity was 37.4%, 19.2%, and 10.7 %, respectively.
LAC values showed a wide distribution within the study
population (up to 111.1 dRVVT ratio), with significantly
higher mean values observed among participants with
thrombotic events and those classified as APS-positive.
A statistically significant association was observed between
gender and LAC status (P=0.0089). LAC positivity was
more frequent in males than females (51.4% vs 35.2%). Male
participants had nearly twofold higher odds of LAC positivity
compared with females (OR=1.96, 95% CI: 1.18-3.25) (Table
1). In contrast, no statistically significant association was found
between gender and HCY status (P=0.62). The prevalence of
HCY positivity was comparable between males and females
(21.4% vs. 18.8%). Similarly, gender was not significantly
associated with APS status (P=0.30). APS positivity was
observed in 11.3% of females and 7.1 % of males.

Table 1.
Overall prevalence of LAC, HCY, and APS.

Variable|Gender Negative g,ﬁosjiﬁve P-value|*OR (95% CT)

n (%)
LAC |Female (n=452)[293 (64.8) 159 (35.2)/0.0089|1.96 (1.18-3.25)
Male (n=70) |34 (48.6) |36 (51.4)
HCY  |Female (n=452)|367 (81.2)/85 (18.8) [0.62
Male (n=70) |55 (78.6) |15 (21.4)
APS  |Female (n=452)[401(88.7)|51 (11.3) [0.30
Male (n=70) |65 (92.9) |5 (7.1)

*ORs represent the odds of positivity in males compared with females
(reference category: female)

1.18 (0.63-2.22)

0.77 (0.29-2.02)
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Table 2.

Comparison of LAC levels according to clinical and laboratory characteristics in female participants (n = 452).

. Negative Positive
Variable (Mean LAC) (Mean LAC) t (df) P-value 95% CI
Thrombosis 41.11 48.92 ~6.31 (99.01) <0.001 -10.26 to —5.35
APS status 40.85 46.85 ~6.93 (186.36) <0.001 ~7.71 t0 —4.29
MTHFR mutation 43.04 40.32 2.71 (81.41) 0.008 0.72 to 4.72
%Slgzrspreg“a“"y 43.52 41.19 3.55 (444.93) <0.001 1.04 to 3.62
aCL IgM 42.92 49.59 ~1.46 (14.16) 0.166 -
aCL IgG 42.92 62.56 ~1.46 (4.00) 0.219 -
Anti-B2GPI IgM 42.96 44.60 ~0.85 (49.06) 0.400 -
Anti-B2GPI IgG 43.04 61.15 ~1.70 (1.00) 0.338 -

Pearson correlation analysis showed no significant linear
association between LAC and HCY levels (r=0.05, P=0.25).
No significant correlation was observed between LAC and
antiphospholipid antibodies aCL and anti-B2GPI (IgM/IgG).
Given the predominance of female participants in the cohort
(86.6%) and the clinical relevance of thrombotic and obstetric
manifestations in women, subsequent analyses were restricted
to female patients. Comparisons of LAC levels according to
clinical and laboratory variables are presented in Table 2. LAC
levels were higher in women who were MTHFR negative and
in those without abortions attributable to other causes, whereas
APS-positive individuals demonstrated significantly elevated
LAC values. This pattern suggests a potential independent
role of LAC in thrombosis and pregnancy morbidity.

Discussion

In this retrospective cross-sectional study of 522
participants, we investigated the prevalence and laboratory
— clinical associations of lupus anticoagulant within an
Albanian cohort, with particular emphasis on female patients.
Our findings demonstrate that LAC levels are associated
with thrombotic events and APS classification, while no
meaningful correlation was observed with homocysteine levels.
A key finding of this study is the strong association between
elevated LAC levels and thrombotic events. Women with
thrombosis had significantly higher mean LAC values than
those without thrombosis. This observation is consistent with
previous studies that have identified LAC as the strongest
laboratory predictor of thrombotic risk among antiphospholipid
antibodies.?* Clinical and experimental evidence suggests that
LAC contributes to thrombosis through endothelial activation,
interference with anticoagulant pathways, and complement
-mediated mechanisms.®? The association observed in our
cohort reinforces the clinical importance of LAC in risk
stratification. Similarly, LAC levels were significantly higher
in participants classified as APS- positive. This finding aligns
with the established role of LAC as a laboratory criterion for
APS classification. However, the magnitude of difference
observed in our study suggests that LAC may reflect not only

diagnostic classification but also disease activity or thrombotic
burden. Importantly, APS classification in this study reflects
antiphospholipid antibody positivity rather than a confirmed
APS diagnosis based on repeat testing after 12 weeks, as required
by classification criteria.® In contrast, no significant linear
correlation was identified between LAC and homocysteine
levels. This suggests that these factors may contribute to
thrombosis through distinct and potentially independent
mechanisms. Hyperhomocysteinemia is recognized as a risk
factor for endothelial dysfunction and thrombosis;? its lack of
association with LAC in our cohort indicates that it does not
directly modulate the autoimmune prothrombotic state driven
by antiphospholipid antibodies. This supports the concept
of parallel rather than overlapping pathogenic pathways.
Interestingly, LAC levels differed significantly by MTHFR
status and a history of pregnancy losses attributed to other
causes. Higher LAC levels were observed in MTHFR- negative
individuals and in women without pregnancy losses due to
other etiologies. These findings may suggest that LAC-related
pathology represents a distinct autoimmune mechanism rather
than a secondary effect of inherited thrombophilia. However,
these observations should be interpreted cautiously, as the
role of MTHFR polymorphisms in thrombosis and pregnancy
complications remains controversial 1% No statistically
significant differences in LAC levels were observed according
to aCL and B2GPI antibody status. This may reflect limited
subgroup sizes or the known heterogeneity of antiphospholipid
antibody profiles. It is well established that LAC, aCL, and
anti-B2GPI antibodies may not always coexist and may exhibit
different clinical associations.l2 Among these, LAC is considered
the most strongly associated with thrombotic events, supporting
its role as a functionally relevant marker of thrombogenic
potential 2 Notably, LAC positivity was more frequent in males
compared to females, despite the predominance of females
in the cohort. Although APS is more commonly reported in
women, particularly with obstetric manifestations, this finding
may reflect differences in referral patterns or underlying risk
profiles within the studied population.

Taken together, these findings support the hypothesis
that LAC may act as a primary autoimmune driver of
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thrombosis and pregnancy morbidity, rather than merely
reflecting secondary interactions with other risk factors such
as homocysteine metabolism or inherited thrombophilia.

This study has several strengths, including a relatively
large sample size, the use of both continuous and categorical
analyses, and the focused evaluation of a clinically relevant
female cohort. The integration of laboratory markers with
clinical outcomes provides a comprehensive assessment of
LAC-associated risk profiles.

Several limitations should be acknowledged. First, the
APS classification in this study was based on single-time
antibody positivity and did not include confirmatory testing
after 12 weeks, as required by the classification criteria.
Secondly, a retrospective design may lead to selection bias and
limit causal inference. Third, thrombotic events were recorded
as a binary variable without detailed classification into arterial
and venous subtypes. Finally, subgroup analyses for certain
variables were limited by small sample sizes.

In conclusion, this study highlights the central role of
lupus anticoagulant as a key laboratory marker associated
with thrombotic events and APS-related manifestations in
women. The lack of association with homocysteine further
supports the concept of independent pathogenic pathways.
These findings underscore the importance of LAC assessment
in the clinical evaluation and risk stratification of patients with
suspected antiphospholipid syndrome.
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Abstract

Background: One of the most prevalent skin epidermal tumors is seborrheic keratosis (SK). But only a few extensive
histopathological studies have been conducted on people with SK. This study’s objective was to examine different histological
cases of SK.

Methods and Results: The subjects of this retrospective study were 39 patients (28 male and 11 female), aged 50-90 and older,
with clinically confirmed SK who presented to the outpatient dermatology departments of Prince Sattam bin Abdulaziz University
Hospital and the Military Industries Hospital between January 2024 and June 2025. Pathology sections stained with hematoxylin
and eosin were categorized as acanthotic (classic), mixed, melanoacanthoma (pigmented), or irritated based on their histological
characteristics.

The highest number of SK cases (13/33.3%) in this study was identified in the age group of 60 to 69 years. The trunk (21/53.8%)
was the most common biopsy site for biopsy-proven seborrheic keratosis, followed by the neck (9/23.1%), the face (4/10.2%), and
the extremities (5/12.8%). The acanthotic (classic) subtype was the most common histopathological subtype (23/59.0%), followed
by the mixed (9/23.1%), irritated (5/12.8%), and melanoacanthoma (pigmented) (2/5.1%) subtypes.

Conclusion: The acanthotic type of seborrheic keratosis was the most common histologic type identified, predominantly observed
in patients aged 60—69 years. The trunk is a primary location for seborrheic keratosis. (International Journal of Biomedicine.
2026;16(2):227-231.)

Keywords: seborrheic keratosis * histopathology ¢ subtype ¢ Saudi population
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Introduction National Health and Nutrition Examination Survey estimates
that 23 million Americans suffer from SK. It was initially

The most prevalent benign, pigmented epidermal lesion described in 1869 as a well-defined, black, spherical, raised,

in the older population is seborrheic keratosis (SK).! It appears adherent skin lesion that enlarges with age.? Clinically, these
as distinct, slightly elevated, brownish patches or plaques, tumors appear as pigmented growths resembling papules or
typically on sun-exposed skin.2 Research conducted by the US skin warts, with a greasy crust. Microscopically, these lesions

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
This is an open access article under the CC BY-NC-ND 4.0 license.
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show hyperproliferation of basal-layer immature keratinocytes,
most of which exhibit melanocytic pigmentation.® These
benign tumors are more common in older people. Seborrheic
keratosis is frequently discovered by accident. Treatment is
not required because this tumor is benign. Nonetheless, the
lesions are frequently removed, particularly for aesthetic
reasons.” Sometimes it is important to differentiate SK
from other skin tumors that could be benign or malignant.
For example, deeply pigmented SK may be mistaken for
malignant melanoma by non-dermatologist doctors or
laypeople.® Even though SK can show in a variety of ways, the
diagnosis is typically clinically simple. However, the tumor
may mimic other conditions, such as lentigines, melanocytic
nevi, actinic keratosis, Bowen’s disease, common warts, and
more serious conditions, including squamous cell and basal
cell carcinomas, and even cutanecous melanomas.? Acanthosis,
papillomatosis, hyperkeratosis, and horn pseudocysts are
the histological features of SK. Seborrheic keratosis may be
classified into several histological subgroups based on the
relative dominance of these characteristics. The acanthotic,
hyperkeratotic, and adenoid are the most significant of them.?
The disorder’s pathophysiology remains largely unknown.
Although tumors can occur in relatively young patients, it is
known that the occurrence of SK rises noticeably with age. It
is believed that there is a genetic susceptibility to numerous
SKs. It is also being discussed how UV light contributes to
lesion formation.! Even though SK is a benign condition,
there are several reasons lesions should be removed, including
irritation and inflammation, exclusion of cancer (if the
clinical presentation is ambiguous), and cosmetic concerns in
patients with many lesions.> Surgical therapy, laser therapy,
electrocautery, cryotherapy, and topical medication therapy,
which is still under development, are among the available
treatment options. Individualized treatment should be based
on the patient’s preferences and the clinical picture.(9) This
study intended to identify the histological pattern of seborrheic
keratosis in Saudi individuals.

Materials and Methods

The subjects of this retrospective study were patients
with clinically confirmed SK who presented to the outpatient
dermatology departments of Prince Sattam bin Abdulaziz
University Hospital and the Military Industries Hospital
between January 2024 and June 2025. A retrospective analysis
of medical records was conducted to identify variations in
age, sex, and lesion location. Pathology sections stained
with hematoxylin and eosin were categorized as acanthotic
(classic), mixed, melanoacanthoma (pigmented), or irritated
based on their histological characteristics. However, only
cases with adequate tissue samples and thorough clinical
information were examined. All materials and important
clinical information, such as age, sex, and clinical examination
results, were sent to the histopathology section of the
pathology department in 10% formalin. All tissue sections
were processed according to the standard biopsy procedure
for paraffin-embedded sections. After creating slices that were
three to five microns thick, eosin and hematoxylin stains were

applied. Two qualified pathologists examined each slide under
a light microscope to ensure diagnostic consistency.

The biopsy-proven sites were divided into the following
categories for convenience: face, neck, trunk, and extremities.

Statistical analysis was performed using the statistical
software package SPSS version 22.0 (SPSS Inc, Armonk,
NY: IBM Corp). Baseline characteristics were summarized as
frequencies and percentages.

Results

All 39 of the cases (28 male and 11 female) of SK that
were clinically diagnosed were later confirmed by histological
examination of biopsy samples. The patients were aged 50-
90 and older. The highest number of cases (13/33.3%) in this
study was identified in the age group of 60 to 69 years. The
next most frequent age group affected was 70 to 79 years old
(Table 1). The trunk (21/53.8%) was the most common biopsy
site for biopsy-proven SK, followed by the neck (9/23.1%),
the face (4/10.2%), and the extremities (5/12.8%). (Table 2).

Table 1.

Lesion distribution according to histology, age, and gender (n=39)

Parameter Category n Percentage
Gender Male 28 | 71.8%
Female 11 | 282 %
50-59 5 12.8 %
60-69 13 1333%
Age 70-79 12 | 30.8%
80-89 7 17.9 %
90 and above 2 5.1%
Acanthotic (Classic) 23 | 59.0%
Tvoe of lesion Mixed (Irritated and Pigmented)| 9 23.1%
P Irritated 5 1128%
Melanoacanthoma (Pigmented) | 2 51%
Table 2.
Location of seborrhoeic keratosis.
Location Percentage
Face 4 10.2 %
Neck 9 23.1%
Trunk 21 53.8%
Limbs 5 12.8 %

A comprehensive analysis showed that the acanthotic
(classic) subtype was the most common histopathological
subtype (23/59.0%), followed by the mixed (9/23.1%),
irritated  (5/12.8%), and melanoacanthoma (pigmented)
(2/5.1%).subtypes.

The acanthotic variety has numerous basaloid cells and
pronounced acanthosis. The vertical diameter of the acanthosis
can be at least 3 mm (Figure 1). Wide keratinocyte bands
enlarged the epidermis. Hyperkeratosis and papillomatosis are
typically mild. Horn cysts, also known as pseudocysts, are a
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defining characteristic, and in certain situations, there may be
several cysts (Figure 2).

Fig. 1. Images of the acanthotic (classic) type of seborrheic keratosis
stained with H&E. There is significant thickening of the epidermis.
The appearance of horny invaginations is similar to pseudohorn
cysts. (A X200), (B, C, and D X400)

Fig. 2. Images of the acanthotic (classic) type of seborrheic
keratosis stained with H&E. There are horn pseudocysts and
horn cysts. In contrast to pseudohorn cysts, which are created by
keratin downgrowths from the underlying stratum corneum and are
thus attached to it, horn cysts develop intraepidermally and are
discharged transepidermally. A thin granular cell layer surrounds
the surrounding keratinocytes in the spherical, keratin-filled center
of both cysts. (4, B, C, and D X 400).

In the mixed (irritated and pigmented) subtype, we found
acantholysis, dyskeratosis, spongiosis, an inflammatory cell
infiltrate with partially lichenoid appearances in the dermis
(which may not be present), eosinophilic squamous epithelial
cell aggregations (squamous eddies) resembling onion skin, and
apoptotic basal cells. The mixed form was highly pigmented,
with melanocytes proliferating (Figure 3 A,B).

Aggregated eosinophilic squamous cells were observed
in the irritated type, along with acantholysis, dyskeratosis,
spongiosis, and degeneration of the basal cell layer. (Figure
3CD).

Fig. 3. (A, B) Two images of mixed (irritated and pigmented) type
of seborrheic keratosis stained with H&E. (C, D) Two images of
irritated type of seborrheic keratosis stained with H&E. (4, B, C,
and D X 400).

Melanoacanthoma (pigmented), characterized by rapid,
dark pigmentation and proliferation of dendritic melanocytes
across an acanthotic epidermis, was detected in only two cases
(Figure 4).

Fig. 4. Images of melanoacanthoma (pigmented) stained with
H&E. (A4, B, C, and D X 400)

Discussion

Dermatologists see seborrheic keratoses every day
since they are among the most prevalent skin tumors. These
distinct, round or oval growths. might be flesh-colored, light
brown, or black, and they seem to be adhered to the skin.
Based on clinical presentation, most seborrheic keratoses
are easily diagnosed. Sometimes, distinguishing certain
lesions from others, including malignant melanoma, can be
challenging.> Acanthosis, papillomatosis, hyperkeratosis, and
horn pseudocysts are the histological features of seborrheic
keratosis. Seborrheic keratosis is thought to be caused by
several factors, including age, genetic susceptibility, and
potentially UV radiation exposure.2 It has been documented
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in younger age groups, such as teens and young adults, despite
being more common in the elderly.!®

Studies and geographical areas differ greatly in how
seborrheic keratosis is classified pathologically.t We divided
seborrheic keratosis into five histological categories based
on Andrews’ Diseases of the Skin: Clinical Dermatology:
acanthotic, mixed, hyperkeratotic, clonal, irritable, and
melanoacanthoma .2 Theacanthotic formwasthemostcommon,
accounting for 23 cases (58.9%), in line with earlier studies and
confirming the general understanding of its predominance in
SK. In our study, we did not find hyperkeratotic or clonal types.
The correct etiopathogenesis of this lesion remains unclear
despite its high incidence. Therefore, it has been proposed
that human papillomavirus (HPV), sun exposure, genetics,
and chronic irritation are risk factors. Recent genetic research
suggests that somatic mutations in the Fibroblast Growth
Factor Receptor 3 (FGFR3) gene may play a significant role
in the onset of SK. Multiple seborrheic keratoses appearing
suddenly could be an indication of Leser-Trélat, which can
be linked to an underlying cancer.!* According to current
clinical viewpoints, SK shows age-dependent trends, with
incidence rates increasing progressively with age. According
to Hainan Province’s empirical data, the old-age population is
growing faster than the working-age population, supporting
the region’s shift toward an aging population. One etiological
factor contributing to the secular trend of rising SK incidence
may be demographic aging.'t

Aside from cosmetic correction, asymptomatic SK
typically does not require treatment; it may also resolve on
its own in a short time.!* According to our research, the trunk
is the anatomical area most affected by seborrheic keratosis.
However, according to a prior study, the face, neck, and upper
extremities were more commonly impacted than the trunk.* In
conclusion, the acanthotic type of SK was the most common
histologic type identified in this research. It usually affects
older people. To rule out other premalignant or malignant
conditions, a biopsy should be performed on lesions.
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Abstract

Background: This study aimed to examine the effect of differential stress distributions on the occlusal surfaces of the control and
experimental copings.

Methods and Results: The study used two master casts of a lower jaw with bilateral terminal edentulous seats. Their topography
was identical, indicating a partially edentulous lower jaw according to Eichner’s B3 (and C2) classification (i.e., Kennedy class 1).
The control cast had conventional oval copings. The experimental cast had the surfaces simulating three specific milled copings
covering the remaining tooth substance. Controlled loading was measured using a gnathodynamometer. Loading stages were at
400, 800, and 1000 N. Measurements of strain and displacement were provided by the Digital Image Correlation Method. The
"Wilcoxon Lambda" two-sample test was used in the analysis of deformation between the control rounded and experimental
milled copings under loading.

Smaller values of deformations were measured on milled copings. There were statistically significant differences in displacement
between the control rounded and experimental milled copings (Pr > |Z| = 0.001) as well as in deformations (Pr > |Z| = 0.0298).
Conclusion: Experimental milled copings are less susceptible to deformation than the control rounded copings. These findings
may have clinical significance for improving primary and secondary retention of overdentures on milled copings.(International
Journal of Biomedicine. 2026;16(2):232-241.)

Keywords:copings * overdenture * shortened dental arch « digital image correlation technique * optic stereometry
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Introduction component plays an important role in supporting the alveolar
ridge and ensuring proper axial load distribution, thereby

To maintain the stability of overdentures, protective helping preserve the alveolar ridge level. Similarly, protective
copings must be placed over the coronal part of the teeth. This copings preserve the natural toothroots and improve the stability
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and retention of overdentures compared to conventional
complete dentures.! Various types of protective copings have
been presented to the public.'# In clinical practice, two types
of protective copings are commonly used: cast (metallic)
and zirconia.>® Cast copings are relatively easy to fabricate
but can be associated with clinical problems such as gingival
inflammation (69%) and root caries (36%).2> Alternatively,
cast copings have the advantage of being provided with a cast
post that can be easily inserted into the upper third of the root
canal filling, allowing axial load distribution in accordance
with the vertical reference axis of the remaining tooth.*#
On the other hand, zirconia copings can be very costly and
difficult to implement due to the complicated technique, but
the periodontal condition around them remains healthy.*¢ In
addition, zirconia copings (the most popular ceramic option)
may be susceptible to fractures due to their lower elasticity.”®

Similarly, the different types of interfaces between the
denture base and the copings can alter the loading and stress
pattern around the abutment teeth.1%

Conventional copings usually do not have a milled
shoulder for better retention and stress distribution. In this
study, a special, simpler form of casted coping was examined
on the residual tooth structure in the mandible. These copings
functioned both as bone retainers in the surrounding alveolar
areas and as retainers for the overdenture. Because they are
occlusally designed to have at least some indication of the
occlusal relief of the tooth that will support the mandibular
prosthesis and because they are milled along the gingival
surface, these copings differ from all others previously
described in the dental literature. This study was based on
an initial assumption and preliminary results indicating that
patients in clinical practice were satisfied with the use of these
specific coping designs and claimed that they contributed to
better retention of their overdenture.*

It is still unclear whether the pressure on the copings
significantly redistributes the occlusal forces in accordance
with the morphologically shaped surfaces corresponding to the
occlusal topography and whether it significantly contributes to
the stabilization of the prosthesis on the supporting tissues.*12
We hypothesize that the milled surfaces of the experimental
copings may contribute to a better axial load distribution on
the roots and that less deformation of the experimental cast
copings will improve the stability of the overdentures.

The aim of this study was to examine the effect of
differential stress distributions on the occlusal surfaces of the
control and experimental copings on artificial casts of partially
edentulous jaws.

Materials and Methods

The experiment was accomplished at the Faculty of
Mechanical Engineering, University of Belgrade, Serbia.
This study included two master casts of a lower jaw with
bilateral terminal edentulous seats. Their topography was the
same, including missing lower molars, the left lower second
premolar, and the right canine and incisors, representing a
partially edentulous lower jaw according to the B3 (and C2)
classification of Eichner (i.e., Kennedy class 1).

The control cast was designed with conventional oval
copings, which are most often used in clinical practice to
preserve the remaining dental substance in the crown and to
receive the base surface of the overdenture (Figure 1).

Fig. 1. The experimental cast (on the left) and the
control cast (on the right).

The experimental cast was almost identical to the control
cast, except for the surfaces simulating three specific milled
copings covering the remaining tooth structure. The specific
copings were shaped to exhibit morphological characteristics
of teeth in the occlusal third; they showed discrete, rounded
protrusions that partially resembled the cusp tips of natural
teeth. In the gingival third, the copings were milled so that
the perimeters of each assumed a stepped configuration
(forming a ledge or “shoulder”), thereby ensuring retention
and stabilization of the base of the corresponding removable
prosthesis (Figure 1).

The thickness of all of the resin copings was 3 mm.
For the milling of the control and experimental copings, the
same armamentarium (surveying device, electrically supplied
dental parallelometer with model table, Heracus CL MF 1000,
Germany) and the same procedure were used.

Master casts were fabricated on a 3D printer (Builder
Extreme 3000 PRO, Brose, Germany) using a specific
photopolymer resin (Photopolymer Resin, Formlabs Inc.,
Somerville, MA, USA). After the 3D-printed resin printing
process was completed, a sufficient post-curing time of
at least 60 minutes under different oxygen levels was
provided to improve flexural properties and flexural modulus
(subsequently, the specimens were submerged in water).
The corresponding elastic properties, including the Young’s
modulus and Poisson ratio, were determined according to the
values obtained from the previously published literature.'!4
The casting surfaces were coated with a thin layer of white
paint (Motip Spray, Germany), followed by a thin layer of
high-contrast black paint; this was necessary for the correct
application of the Digital Image Correlation (DIC) method.

Dots of the spray occupied distances that changed under
stress and were registered by cameras.'*!2

Precise and controlled loading was measured using a
dynamometer (Siemens AG, Erlangen, Germany) (Figure
2).418 Axial occlusal loads were applied centrally and
vertically to the distal abutment tooth (the first lower
premolar), intermediate abutment tooth (canine), and the
mesial abutment tooth (the second lower incisor) (Figure 2).
The direction of loadings to the second experimental cast was
the same. The loading stages were 400, 800, and 1000 N.!4-1&
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Fig. 2A. The control cast under the load in a dynamometer:

Fig. 2B. Measurement of the force applied to the coping
model.

Measurements of strain and displacement were obtained
using the Digital Image Correlation Method (GOM-Optical
Measuring Techniques, Braunschweig, Germany). This system
consists of two digital cameras and the associated software
ARAMIS (Version 6.2.0; GOM-Optical Measuring Techniques).
ARAMIS software, based on the principle of an objective
fine-grained procedure, registered 3D changes in the shape
and distribution of surface strain on statically- or dynamically
loaded objects. Moreover, ARAMIS also determined the shape
of the photographed object with high accuracy, its dimensions,
its field of 3D motion, the vector of the distorted field, and
features of the biomaterial (Figure 3).141

Mobile cameras captured the distance between the
reference points at specified time intervals before the load,
during the calibration phase, and during the application of the
action force. Before the strains of the control and test copings
were measured, a calibration procedure was carried out. To
measure the 3D strains, two cameras were manually positioned
and adjusted to the measurement volume of the calibration
object. The strains within the selected area could be measured
over a range from 0.01% to several hundred percent, and the
strain measurement accuracy was up to 0.01%.1412

Small and large objects, from 1.00 to 2000.00 mm, could
be measured with the same sensor.!4 The software processing
of the data measured enabled recording of the results and a 3D
presentation (Figure 3).14-16

Statistical analysis: Descriptive statistics were used
to visualize the results regarding the deformation and

displacement of the tooth copings obtained in this experiment.
The MEANS procedure from the SAS statistical package
(SAS Institute [2010]) was used for the analysis. Wilcoxon
lambda tests based on simple linear rank statistics were used
to analyze the numerical values of the copings’ deformations
and displacements. The mean value was used as a measure of
central tendency. To identify differences in the mean values
of the parameters between the experimental and control caps,
nonparametric statistical methods were employed based
on the response variable (percentage of deformation and
displacement).
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Fig. 3A. The borders of areas of interest for the experiment.
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Fig.3B. The active surface of the dynamometer,
displayed on the screen during the measurement of the
force directed on the coping.
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Fig.3C. The appearance of milled coping models in
computer software.
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Fig. 3E. The terminal zone of the crack (red areas).

Results

Stress and deformation of the cast copings investigated
in the present study were distributed differently. We found that
the most intense deformations occurred under the actual force
transmitted to the border of the coping and the immediate area
of remaining tooth substance.

Significantly lower displacements were recorded in the
group of teeth with experimental milled copings compared
to the control group with rounded copings (Figures 4 and 5).
These results were consistent across all three loading stages
and across all tooth types investigated.

The deformation measures were smaller for the milled
copings than for the control copings (Tables 1 and 2). There
was a direct link between the percent of coping deformation
and the type of coping. The type of coping was a significant
determinant of the degree of tooth-coping displacement under
pressure in this experiment. There were statistically significant
differences in displacement between the control rounded and
experimental milled copings (Pr > |Z| = 0.001) as well as in
deformations (Pr > |Z| = 0.0298) (Table 3). The shape of the
non-milled coping is directly responsible for the movements
and cracks in the gum area.

There was significant deformation in the control
rounded tooth coping when compared to the experimental

milled tooth coping. These findings were observed at a
pressure of 1000 N, regardless of the type of teeth evaluated
(Figures 6 and 7).
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Fig. 4. Displacement of the remaining teeth covered
by the control copings. A) Displacement within the
incisor with control coping under loading of 1.000 N
(Final Stage 3); Upper left panel—final stage; lower left
panel— initial stage; right panel— distribution of loads
and stresses along and within the coping of the control
incisor; B) Displacements within the control canine with
coping under loading of 1.000 N (Final Stage 3); upper
left panel— final stage; lower left panel— initial stage;
right panel— distribution of loads and stresses along and
within the coping of the control canine,; C) Displacement
within the coping of the premolar under loading of 1.000
N (Final Stage 3); upper left panel— final stage; lower
left panel— initial stage, right panel— distribution of the
loads and stresses along and within the control coping
of the premolar.
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Discussion

Currently, overdentures are recommended in cases
where a significant loss of the alveolar ridge is observed
following multiple tooth extractions.**

Preservation of the alveolar bone and stabilization of
the prosthesis can be achieved by covering the remaining
teeth with copings.®® Furthermore, it remains unclear why the
remaining teeth in our study were present only on one side
of the mandible, given the known problem that the remaining
tooth structure may be exposed to an “additional load” on
the edentulous side of the mandible.* This experiment was
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Fig. 7. A) von Mises strain of the experimental coping of the
incisor; B) von Mises strain of the experimental coping of the
canine; C) von Mises strain of the experimental coping of the
premolar.

performed on a partially edentulous mandible of Kennedy
Class 1 (i.e., Eichner’s B3 [and C2] classification), as this
type of partially edentulous mandible is the most common
in clinical practice.?2 This type of partial edentulism is also
relatively difficult to treat therapeutically.®4

In this study, significantly higher deformation values
were observed for the rounded control copings compared to
the experimentally milled copings. The higher deformation
values of the rounded copings could be explained by their
spherical surface. More specifically, the axial force acting on
a spherical surface consists of two components: tangential and
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normal. The tangential component was the main cause of the
deformation of the rounded oval control copings. However,
only axial forces occurred in the milled copings, which led to
significantly lower deformation. In our study, the displacement
of milled copings was significantly higher than that of the
rounded control copings. This result could be explained by the
fact that all forces acting on milled copings were distributed
axially.?

Researchers in dental prosthetics have long debated
the issue of stability.2! It is assumed that the morphologically
developed occlusal sections of the experiment, intended only
for milling copings, redirect forces precisely along the axial
axis, resulting in a medically favorable load. Furthermore, it
was assumed that the occlusal plateau, with the largest surface
area, practically absorbs all loads (both physiological and
caustic) almost completely. All other stresses that exist within
an orofacial system, while the axial surfaces of custom-milled
copings, with the exception of the shoulder area, would be
significantly or completely relieved of tensile stresses, as found
in a previous study.?? The results of the present study did not
fully confirm these assumptions; however, they demonstrated
that the degree of deformation in the experimental milled
copings was significantly lower.

In addition, preliminary studies on the outcomes of
overdenture therapy found that both patients and the therapists
evaluating success considered the prostheses resting on milled
special copings of the roots of the remaining retained maxillary
teeth to be quite stable.2

In addition, better direct and indirect stabilization of
the prosthesis was achieved compared with the conventional
coping shape.? Thus, the milled shoulder of the coping may
increase the likelihood of additional retention when picking
up the basal surface of the overdenture. From these findings
and the loading shown (Figures 7 and 6), we cannot conclude
that the milled surfaces absorb and amortize (redirect in
axial and centric directions) the forces acting on the milled
copings to the greatest extent. The results only show that the
numerical amount of deformation in the cervical segments of
the specially milled copings (Tables 1-3) was less than that of
the conventional control copings.

The results of this study raise the question of whether
the forces, stresses, and deformations were greatest at the
top of the coping, thereby distributing the load and exerting
vertical pressure on the tooth root. The present study analyzed
cast copings and found that the distribution of stresses and
deformations varied between them. We found that the
most intense deformations occurred under the actual force
transmitted to the margin of the coping and the immediate area
ofthe remaining tooth structure. Considering that the stress was
highest in the area of the element with the largest diameter, the
cause of the most severe deformations at the cervical margin
of the copings can be attributed to the maximum stress at this
location.

Previous research on the difficulties of implementing the
stereoptic (stereometric) approach has shown the usefulness
of the method in some dental specialties.?*** With this stereo-
optical method, when two cameras are installed, one can ensure
that points in two images can be matched and autostereograms

can be created using information about corresponding points
based on the initially separated positions of the two cameras.
Thus, the 3D positions of objects can be determined.?353¢
The stereo-optical (stereometric) method thus appears to be
reliable for assessing stresses and deformations.

The resemblance between the experimental milling
copings and constructs based on the ferrule effect concept
lends credence to these arguments. It has already been shown
that the fabrication of milled metal copings with the addition
of a post emphasizes the beneficial effects of preventing the
independent flexure of tooth or core/post structures.” Such
structures are located within the supra-ferrule-margin volume
of the tooth; if a force is applied to the tooth, the entire supra-
ferrule-margin tooth, core, and post complex work as one unit
to resist the force.*?

The results of our study showed that the oval control
copings were less resilient compared to the experimental
milled copings. Since, to the best of our knowledge, this
study represents the first investigation to employ stereoptic
assessment of the shape of specialized caps, comparing the
obtained results with data from other studies is extremely
difficult.

This is because there is no relevant data on the effect
of forces and deformations for these purposes. The results of
the present study are consistent with those of other authors,
who argued that metal coping has the highest degree of stress
transfer to the load-bearing web. The reason for this lies in the
properties of metals, which are characterized by high hardness
and rigidity; these characteristics create a robust foundation
for the prosthetic structure, ensure that the majority of the
applied load is transmitted to the supporting teeth (abutments),
and reduce the level of stress in the region of the supporting
alveolar ridge.®

It is certain that the most desirable criterion for selecting
the attachment system for overdentures is the way these
attachments transfer loads to the supporting structures (Figure
8). The distribution of stress through the abutments in an arch-
spanning manner and between the abutments and the posterior
edentulous ridge is always favorable for the preservation of
the residual ridge. To ensure the most effective distribution of
stresses, the optimal solution is to design a retention system
for the overdenture that maximizes load distribution between
the retention element and the residual alveolar ridge.®

Fig. 8. An acrylic overdenture fabricated to
correspond to the copings and supporting
tissues of the jaw.
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The high values of the loads (400N, 800N, and 1000N)
utilized in this study are addressed in the limitations of this
experimental investigation, keeping in mind that the mean
occlusal loads on the premolars ranged from 39 to 66 N, and on
the front teeth (apart from bruxism) from 11 to 33 N 24041 yjth
a limitation of the type of force applied and the duration of its
application.

Conclusion

The results of this study underscore the need to use protective
caps as extracoronal structures for teeth remaining beneath
removable overdentures. Based on the results of this study,
there will be an implicit demand in clinical practice to position
protective copings as an extracoronal construction of remaining
teeth under overdentures. Experimental milled copings are less
susceptible to deformation than the control rounded copings.
These findings may have clinical significance for improving
primary and secondary retention of overdentures on milled
copings.

Clinical Implications

There is the implicit demand in clinical practice to position
protective copings as an extracoronal construction of
remaining tooth substance under overdentures. Specially
designed, dedicated experimental milled copings are expected
to improve primary and secondary retention of overdentures.
The study has a limitation because it evaluates occlusal
stress distribution on master casts, which cannot replicate the
functional adaptation of the periodontal ligament.
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Abstract

Background: The purpose of this in vitro study was to evaluate and compare the shear bond strength (SBS) and failure mode
kinetics of indirect 3D-printed ceramic-reinforced hybrid composite restorations to human tooth dentin using fourth-generation
etch-and-rinse and sixth-generation self-etch adhesive systems under a co-curing protocol with a preheated universal composite
resin luting material.

Methods and Results: Sound human third molars (N=156) were prepared to expose flat mid-dentin surfaces. Simulated indirect
restorations were additively manufactured as composite cylinders (VarseoSmile TriniQ, BEGO) using a Formlabs Form 4B 3D
printer. Samples were randomly divided into two experimental groups based on the adhesive system used: Group 1 (n=78, OptiBond
FL, fourth generation) and Group 2 (n=78, Clearfil SE Bond 2, sixth generation). Preheated universal composite resin (Filtek Z350,
55°C) was used for luting under a co-curing sequence. Each group was subdivided (n=39) into a baseline subgroup (immediate
testing) and a thermocycling subgroup (10,000 cycles, 5°C/55°C). SBS trials were performed at a crosshead speed of 1 mm/min,
and debonded surfaces were evaluated under 40x magnification to classify failure modes. Statistical analysis was performed
using SciPy 1.11. For continuous data with a normal distribution, inter-group comparisons were performed using Student’s t-test.
Categorical variables were analyzed using the chi-square test. A P-value <0.05 was considered statistically significant.

At baseline, OptiBond FL (20.7 = 4.6 MPa) and Clearfil SE Bond 2 (20.6 + 4.2 MPa) demonstrated equivalent immediate bond
strengths (P > 0.05) and identical mixed failure profiles. Thermocycling significantly degraded dentin bond integrity across all
cohorts (P=0.000). However, post-aging evaluation revealed that Clearfil SE Bond 2 (16.8 + 4.4 MPa) had a significantly higher
remaining SBS than OptiBond FL (14.4 + 4.7 MPa), P = 0.023. Microscopic analysis confirmed a complete absence of cohesive
failures. Following thermal aging, the OptiBond FL interface underwent an acute intra-group shift toward true adhesive failures
(84.6%), whereas Clearfil SE Bond 2 maintained high structural stability with a lower adhesive failure rate (61.5%), P= 0.022.
Conclusion. While both adhesive strategies exhibit equivalent immediate performance during preheated composite co-curing, the
null hypothesis must be rejected after artificial aging. The sixth-generation 10-MDP-containing self-etch system provides superior
hydrolytic stability and interfacial durability compared to the fourth-generation system. Clinically, a two-step self-etch protocol provides
a more predictable, chemically driven interface for the long-term cementation of contemporary additively manufactured restorations.
(International Journal of Biomedicine. 2026;16(2):242-247.)
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Introduction

The clinical demand for durable indirect adhesive
restorations has led to a paradigm shift from traditional dual-
cure resin cements toward preheated universal composite resins
for luting procedures. Dual-cure cements, while chemically
versatile, frequently exhibit lower filler volume fractions,
accelerated chemical degradation, and discoloration over time.
Using a highly filled, preheated universal composite resin
addresses these drawbacks by significantly reducing structural
viscosity to achieve an optimal, micro-thin luting layer while
enhancing physical properties and marginal sealing.!?

Crucial to the long-term success of this approach is
the integrity of the dentin-adhesive hybrid layer, which
must withstand the sudden thermal energy and unique
polymerization kinetics of the co-curing technique. Co-curing
means that the unpolymerized adhesive layer and the overlying
preheated luting composite are light-activated simultaneously.
It streamlines clinical protocols but presents a challenging
biomechanical scenario.*3

The choice of dental adhesive strategy remains highly
debated. Fourth-generation etch-and-rinse systems involve
separate phosphoric acid etching, a hydrophilic primer, and
a hydrophobic bonding resin layer, which acts as a robust
mechanical buffer against immediate composite shrinkage
forces. In turn, two-step sixth-generation self-etching
adhesive systems eliminate the separate rinsing step by
using a self-etching primer followed by an adhesive layer.
This simplifies clinical placement and minimizes technique
sensitivity, though their acidic monomers remain prone to
phase separation and subsequent water treeing when subjected
to rapid polymerization heat.®Z

To mitigate the rapid volumetric shrinkage associated
with preheated universal composites, using prefabricated
indirect restorations is a promising approach, as it drastically
reduces the overall volume of unpolymerized resin within
the tooth cavity. Historically, the fabrication of indirect
restorations has evolved from traditional laboratory
manual layering to subtractive CAD/CAM milling and,
more recently, to additive manufacturing. Contemporary
3D-printed ceramic-reinforced hybrid composite resins
(such as VarseoSmile Crown plus, BEGO) represent a
breakthrough in this evolutionary trajectory, offering high-
precision definitive restorations via vat polymerization.?
These additively manufactured materials provide notable
clinical benefits, including excellent dimensional adaptation,
simplified chairside workflows, minimized material
waste, and an antagonist-friendly mechanical buffering
effect.2 Consequently, they offer a highly promising future
in restorative dentistry as a sustainable, cost-effective
alternative to permanent single-unit restorations and
conservative indirect treatments.”® However, achieving
predictable adhesive cementation for these contemporary
printed restorations remains a highly challenging aspect of
the clinical procedure.

Although several studies have evaluated the shear bond
strength (SBS) of conventional polymer cements, limited
data exist on how the distinct chemistries of fourth- and

sixth-generation adhesive systems perform under rapid, high-
temperature co-curing when a preheated composite serves as
the luting material for indirect restorations.''3

Therefore, the purpose of this in vitro study was to
evaluate and compare the shear bond strength of indirect-
printed composite restorations to human tooth dentin using
fourth- and sixth-generation adhesive systems during co-
curing with a preheated universal composite. The null
hypothesis tested was that there is no statistically significant
difference in SBS to dentin between the two adhesive
generations when utilized in a preheated composite luting
protocol.

Materials and Methods

Sound human third molars extracted for orthodontic
reasons were selected and stored in a 0.1% thymol solution.
Sample preparation required that the roots of the teeth be
removed and the crowns be sliced mesiodistally into two
halves. The obtained tooth slabs were embedded in self-
curing acrylic resin blocks. The buccal and lingual enamel
was removed using a low-speed diamond saw under constant
water cooling to expose a flat, uniform mid-dentin surface.
The dentin surfaces were polished with 600-grit silicon
carbide paper for 60 seconds to create a standardized smear
layer.

Simulated indirect restorations were additively
manufactured in the shape of cylinders utilizing a ceramic-
reinforced hybrid composite resin (VarseoSmile TriniQ,
BEGO, Bremen, Germany). The specimens were printed
using a Low Force Stereolithography (LFS) 3D printer
(Formlabs Form 4B, Formlabs, Somerville, MA, USA)
utilizing a flexible build platform (Build Platform Flex) at a
standardized layer thickness of 50 um. Following completion
of the print cycle, the cylinders were automatically washed
in high-purity isopropyl alcohol (99%) (IPA) using an
automated washing unit (Form Wash, Formlabs) for 3
minutes, rinsed with fresh IPA, and thoroughly air-dried.
Final post-curing was performed in a validated UV light-
curing chamber (Form Cure, Formlabs) in accordance with
the manufacturer’s instructions for use to ensure complete
monomer conversion. The finalized composite cylinders
presented a height of 2.4 = 0.1 mm and a diameter of 2.36
+ 0.02 mm. Immediately prior to adhesive application and
luting, the bonding butt surfaces of the cylinders were
airborne-particle abraded (sandblasted) with 27um ALO,
particles at a pressure of 2.0 bar, rinsed with water, and air-
dried.

A total of 156 dentin samples were randomly allocated
into two experimental groups based on the adhesive system
used. In Group 1 (n=78), a fourth-generation etch-and-rinse
adhesive (OptiBond FL [OFL], Kerr Corp., Orange, CA,
USA) was applied. In Group 2 (n=78), a sixth-generation
two-step self-etch system (Clearfil SE Bond 2 [CSEB2],
Kuraray Noritake Dental, Tokyo, Japan) was utilized.

To eliminate solvent-trap-induced micro-voids, all
applied adhesives were thoroughly air-dried with a gentle,
continuous air stream until a completely still, glossy film
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was achieved. The clean, sandblasted butt surfaces of the
prefabricated composite cylinders were coated with their
respective adhesive bonding resins and then thoroughly air-
dried in the same manner. The adhesive layers on both the
dentin and the composite columns remained unpolymerized
prior to the luting stage.

For luting, a highly filled universal resin composite
(Filtek Z350, 3M ESPE, St. Paul, MN, USA) was utilized as
the material of choice. It was preheated incrementally on a
commercial heating panel up to 55 + 3°C. The temperature
of the heated composite was verified using a thermal imaging
camera (UNI-T UTi260A, Uni-Trend Technology, China).
A precise amount of the preheated composite was placed
directly onto the adhesive-coated butt surface of the composite
cylinder. To avoid rapid heat dissipation, the cylinders were
immediately transferred to a bonding clamp holding the fixed
tooth sample and driven into a plastic mold to a predetermined
depth. This controlled insertion guaranteed a standardized
uniform luting composite thickness. Constant seating
pressure on the cylinders was maintained with a 1-mm-thick
transparent plastic shield and the light-emitting tip of a Valo X
light-curing unit (Ultradent Products Inc., South Jordan, UT,
USA), which was kept in tight contact with the shield during
photoactivation.

Each main adhesive group was further subdivided
into two equal subgroups (n=39) based on the artificial
aging parameter. In the baseline subgroup, SBS testing was
conducted immediately without preliminary artificial aging.
In the thermocycling subgroup, all samples underwent 10,000
thermal cycles in alternating water baths at 5°C and 55°C. The
dwell time in each bath was 10 seconds, and the transfer time
between baths was 5 seconds. SBS trials were performed using
an Ultra Test Machine (Ultradent Products Inc., South Jordan,
UT, USA). The load was applied at a constant crosshead speed
of I mm/min until failure occurred. The maximum peak values
were recorded in pounds and converted into megapascals
(MPa).

Following shear testing, the debonded dentin surfaces
were examined under a stereomicroscope at 40x magnification.
To simplify the assessment and maximize practical relevance
for clinicians and scientists, failure modes were classified into
three distinct categories based on the percentage of adhesive
remnants left on the substrate surface: Type I (Adhesive),
characterized by less than 25% substrate coverage; Type
II (Mixed), presenting between 25% and 75% substrate
coverage; and Type III (Cohesive), demonstrating greater
than 75% substrate coverage. This standardized thresholding
eliminated ambiguous boundary definitions between mixed
and pure failure types.

Statistical analysis was performed using SciPy 1.11.
Baseline characteristics were summarized as frequencies and
percentages for categorical variables and as mean =+ standard
deviation (SD) for continuous variables. For continuous data
with a normal distribution, inter-group comparisons were
performed using Student’s t-test. Categorical variables were
analyzed using the chi-square test. A P-value <0.05 was
considered statistically significant.

Results

Shear bond strength (SBS) analysis (Table 1) revealed
comparable baseline performance for OptiBond FL (20.7 + 4.6
MPa) and Clearfil SE Bond 2 (20.6 + 4.2 MPa), showing no
statistically significant differences between the two adhesive
strategies immediately after luting (P = 0.920). However,
artificial thermal aging via thermocycling significantly degraded
the integrity of the dentin bond in both primary experimental
groups (P = 0.000). In the post-aging scenario, Clearfil SE
Bond 2 (16.8 + 4.4 MPa) performed significantly better than
OptiBond FL (14.4 + 4.7 MPa), indicating greater resistance to
hydrolytic breakdown (P = 0.023).

Table 1.

Shear bond strength values (MPa) and statistical comparisons
between experimental groups under immediate and aged conditions.

Baseline Thermocycle P-value
|Adhesive group subgroup subgroup (aging effect)
(n=39) (n=39) ging
Group 1 (OFL) 20.7+4.6 14.4+4.7 0.000
Group 2 (CSEB2) 20.6+4.2 16.8 £4.4 0.000
P-value
(adhesive effect) 0.920 0.023

Visual analysis of the debonded surfaces revealed no
cohesive failures across all treatment modalities. Because
this failure mode did not occur, it was excluded from further
description and statistical analysis. The distribution of
debonding patterns was presented in Table 2 as adhesive and
mixed failure modes, which together accounted for 100% of
the evaluated samples.

At baseline, no statistically significant differences in the
distribution of failure modes were detected between the OFL
and CSEB2 groups (P > 0.05). Both systems demonstrated a
balanced mix of pure adhesive and mixed failures. However,
artificial aging induced a highly significant divergence
between the two adhesive strategies.

Following 10,000 thermal cycles, a significant
intragroup shift occurred in the OFL group (P = 0.013): the
proportion of cases with purely adhesive failure rose sharply
to 84.6%. Conversely, the CSEB2 group remained remarkably
stable, with no significant structural shift after aging (P =
0.366), maintaining a high proportion of mixed failures
(38.5%). Thus, following thermal aging, the interface in the
OptiBond FL group demonstrated a high rate of adhesive
failures (84.6%), whereas Clearfil SE Bond 2 maintained high
structural stability with a lower frequency of adhesive failures
(61.5%); P=10.022.

Consequently, the post-aging comparison between the
two primary adhesive systems revealed a highly significant
difference, objectively confirming the superior structural
durability of the CSEB2 interface over long-term thermal
stress.
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Table 2.

Distribution of failure modes and statistical significance among experimental groups.

significance (P-value)

Primary Subgroup (n=39) Adhesive failure Mixed failure Inter-Failure mode
adhesive group group n (%) n (%) significance (P-value)
Baseline subgroup 23(59.0) 16 (41.0) 0.114
Group 1 (OFL)
Thermocycling subgroup 33 (84.6) 6(15.4) 0.000
Intra-Failure mode
significance (P-value) 0.013 0.013
Baseline subgroup 20 (51.3%) 19 (48.7%) 0.820
Group 2 (CSEB2)
Thermocycling subgroup 24 (61.5%) 15 (38.5%) 0.043
Intra-Failure mode 0.366 0366

Discussion

Modern minimally invasive dentistry dictates a
paradigm shift toward maximum tooth preservation, utilizing
biomimetic materials to recreate the natural dentin-enamel
junction. In indirect restorative approaches, the creation
of a durable multi-layered interface relies on interfacial
co-polymerization between distinct resin components.?
Consequently, evaluating both macroscopic bond-strength
parameters and microscopic failure kinetics is paramount
for understanding the clinical longevity of these hybrid
complexes.

In the present study, the baseline SBS testing demonstrated
comparable immediate bonding efficacy between the fourth-
generation etch-and-rinse (OFL) and sixth-generation self-
etch (CSEB2) groups (P > 0.05). This initial equivalence was
supported by statistically similar failure profiles, which exhibited
a predominance of Type II interfacial failures localized strictly
at the dentin-adhesive boundary. This baseline phenomenon is
driven by a stark biomechanical mismatch: the highly resilient,
3D-printed composite cylinders possess a significantly lower
elastic modulus (4 GPa) than the rigid, highly filled universal
luting composite (Filtek Z350 XT, 14 GPa).2# Under monotonic
loading, the compliant printed substrate acts as an elastic buffer,
undergoing micro-deformation and transferring destructive
kinetic energy downward, where it concentrates on the rigid
dentin floor.*%

This mechanical stress concentration is further
exacerbated by thermal and optical attenuation kinetics
during the immediate curing phase. When the preheated
(55°C) Filtek Z350 is applied, its initial contact with the
room-temperature Bego cylinder surface is highly effective
due to the shared resin-to-resin chemical affinity. However,
immediate contact with the underlying dentin substrate
results in rapid thermal dissipation within the tooth mass.!
This localized cooling abruptly spikes the luting composite’s
viscosity, micro-mechanically compromising its adaptation
to the unpolymerized adhesive film at the dentin floor.312
Furthermore, during photoactivation, the curing light
intensity attenuates exponentially as it propagates through

the 2.4-mm-high printed cylinder and the intervening luting
matrix.!2 The resulting reduction in total radiant exposure at
the deepest interface yields a lower degree of conversion,
establishing the under-polymerized dentin floor as the
primary locus for structural cleavage under peak baseline
loads, thereby explaining why both groups performed
identically prior to aging.

Following 10,000 thermal cycles, a distinct divergence in
bond durability emerged, with CSEB2 exhibiting significantly
greater resistance to hydrolytic degradation than OFL. This
long-term stability is fundamentally rooted in the chemical
interaction of the 10-MDP monomer within CSEB2.1¢ While
water is mandatory for self-etch ionization, this bonding
occurs dynamically during the active 20-second scrubbing
phase. Subsequent air-drying stabilizes these self-assembled,
water-insoluble 10-MDP-Ca nanolayers by eliminating
volatile solvents without disrupting the newly formed ionic
chemical anchor.!® Additionally, the localized heat from the
preheated luting composite acts as a thermodynamic catalyst,
increasing molecular mobility and consolidating this interface
prior to vitrification.2

This pre-established chemical foundation fundamentally
dictates how the aging networks tolerate polymerization
contraction stress. In the OFL group, which lacks primary
chemical stabilization and relies solely on a micromechanical
hybrid layer,!4 severe polymerization contraction forces easily
rupture the vulnerable dentin interface over time.X This acute
internal strain manifests after thermocycling as a statistically
significant shift in failure kinetics, culminating in a predominant
distribution of true adhesive failures (84.6%).

Conversely, the pre-formed 10-MDP—Ca ionic bonds
in the CSEB2 group serve as robust structural anchors
that buffer polymerization stress and resist hydrolytic
cleavage. According to Yoshida et al.'® this mechanism
may well explain the high clinical longevity of adhesive
bonds produced by 10-MDP-based adhesives.This superior
durability highlights the critical role of the hydrophilic
dihydrogen phosphate functional group within the 10-
MDP monomer.®Z By creating a stable chemical link
rather than a purely mechanical one, this interaction opens
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highly promising avenues for biomimetic tooth restoration,
successfully absorbing functional stresses while preserving
the structural integrity of the treated dentin substrate.

Conclusion

Within the limitations of this in vitro laboratory study, it
can be concluded that while both adhesive generations exhibit
equivalent immediate bonding performance when using a
co-curing technique with preheated universal composite,
the null hypothesis must be rejected after thermocycling.
Artificial thermal stress significantly compromises the long-
term dentin bond integrity of both strategies; however,
the sixth-generation 10-MDP-containing self-etch system
(Clearfil SE Bond 2) demonstrates significantly superior
hydrolytic stability and interfacial durability compared to
the fourth-generation etch-and-rinse system (OptiBond FL).

Clinically, the use of a two-step self-etch protocol
provides a more predictable, chemically driven interface
for the cementation of contemporary 3D-printed ceramic-
reinforced hybrid composite restorations, offering
promising prospects for the longevity of biomimetic indirect
treatments.
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Abstract

Background: Different types of material have been used for many years as a denture base material, but heat-cure acrylic denture
base material is still the most popular for making removable prostheses due to its many advantages, including good strength,
stability, aesthetic low water sorption; however, this material also has many drawbacks, including mechanical and hygienic
weaknesses, as it is porous and can trap food and microorganisms. The aim of this study was to measure the effect on biomaterial
properties of adding a processed mushroom microparticle (PMM) solution to methyl methacrylate (MMA), the monomer of
polymethyl methacrylate (PMMA), including transverse and impact strength, water sorption, and its effect on specific types of
microorganisms.

Methods and Results: The edible mushroom type Agaricus bisporus (white button mushroom) was used as a microparticle
solution to be mixed with MMA to test its antibacterial, antifungal effects, and its effect on the PMMA mechanical properties.
According to the test type, 120 samples were prepared; 10 samples were used for each test and each group.

Bacterial strains (Staphylococcus aureus and Klebsiella spp.) and Candida albicans were used in this study to investigate
antibacterial and antifungal activity. A scanning electron microscope (SEM) was used to confirm the size of processed micro
particles. Fourier transform infrared spectroscopy (FTIR) was used to identify organic, inorganic, and polymeric materials.

PMM was tested against Staphylococcus aureus, Klebsiella spp., and Candida albicans, and the results showed no effect on the
bacteria; it inhibited only Candida albicans, with an inhibition zone diameter of 10mm. The results for MMA alone showed no effect
on Staphylococcus aureus and Candida albicans, but it did affect only Klebsiella spp. However, after mixing MMA with 10% PMM,
the natural extract showed a synergistic effect against Staphylococcus aureus, Klebsiella spp., and Candida albicans, with inhibition
zones of 7 mm, 8 mm, and 9 mm, respectively. The inhibition zone diameters of acrylic discs containing PMM were 19 mm, 21 mm,
and 16 mm for Staphylococcus aureus, Klebsiella spp., and Candida albicans, respectively, whereas the MMA group showed no
effect. There was a highly significant increase in transverse and impact strengths for the processed group, compared to the MMA
group, and a highly significant reduction in water sorption for the processed group, compared to the MMA group.

Conclusion: The addition of PMM to the MMA monomer and subsequent mixing with PMMA powder yielded noticeable results
from both mechanical and biological perspectives.(International Journal of Biomedicine. 2026;16(2):248-252.)

Keywords: acrylic denture material * antifungal agents * mechanical phenomena

For citation:Karkosh ZSA, Qader OAJA, Yahya AA, Abed AS. The Effect of Treating Acrylic Resin Denture Base Material
with Processed Mushroom Microparticle Solution on the Engineering and Biomaterial Properties. International Journal of
Biomedicine. 2026;16(2):248-252. doi:10.21103/Article16(2) OA1S5

Abbreviations

AFM, atomic force microscopy; FTIR, Fourier transform infrared spectroscopy; PMMA, polymethyl methacrylate; PMM,
processed mushroom microparticle; SEM, scanning electron microscopy.

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
This is an open access article under the CC BY-NC-ND 4.0 license.



Z. S. A. Karkosh et al. / International Journal of Biomedicine 16(2) (2026) 248-252 249

Introduction

Different types of material have been used for many
years as a denture base material, but heat-cure acrylic denture
base material is still the most popular for making removable
prostheses due to its many advantages, including good
strength, stability, aesthetic low water sorption; however,
this material also has many drawbacks, including mechanical
and hygienic weaknesses, as it is porous and can trap food
and microorganisms.! Therefore, many attempts have been
made over the years to improve the mechanical properties of
polymethyl methacrylate (PMMA). These methods included
adding fiber and graft copolymerization, and using natural
extracts, all considered promising approaches to improve the
material’s properties.>* Also, these additions or alterations to
PMMA to improve its mechanical properties need to be safe
and maintain biocompatibility.

Edible mushrooms show no harmful or toxic effects.®
Mushrooms contain amino acids, protein, fiber, and erythritol,
a widely recognized, non-cariogenic sweetener that does not
contribute to tooth decay and, unlike sugar, is not metabolized
by oral cariogenic bacteria such as Streptococcus mutans
and Streptococcus sobrinus.” Furthermore, studies indicate
that erythritol actively inhibits the growth, adherence, and
biofilm formation of Streptococcus mutans and Streptococcus
sobrinus.

Based on previous studies that used edible mushroom
type Lentinula edodes (shiitake mushroom), it was found to
have an antiplaque effect as it reduces Streptococcus mutans
growth through inhibiting DNA production, in addition to the
same effect on streptococcal species 2210

The aim of this study was to measure the effect on
biomaterial properties of adding a processed mushroom
microparticle (PMM) solution to methyl methacrylate
(MMA), the monomer of PMMA, including transverse and
impact strength, water sorption, and its effect on specific types
of microorganisms.

Methods

In this study, the edible mushroom type Agaricus
bisporus (white button mushroom) was used as a microparticle
solution to be mixed with MMA to test its antibacterial,
antifungal effects, and its effect on the PMMA mechanical
properties.

In the processed group, MMA was mixed with 10%
PMM and heat-cure acrylic powder of PMMA (Pyrax, India),
according to the manufacturer’s instructions. The 10% PMM
concentration was selected based on a pilot study in which 3
PMM concentrations (5%, 10%, and 15%) were added to MMA
to assess their effects on Staphylococcus aureus, Klebsiella
spp., and Candida albicans. The ingredients were mixed by
slowly adding PMM to MMA to ensure complete coverage at a
temperature below 50°C, thereby preventing structural damage.

Preparation of Processed Mushroom Microparticle Solution

The mushroom powder was prepared by drying
mushrooms for 3 weeks, then smashing them with a silver-

crest grinding degree of 30-300 at a rotating speed of 28,000 r/
min for 5 min per round, 3 times. After each smashing process,
the powder was sifted through a 38-micrometer-pore sieve.
The final powder was converted into a microparticle solution
by a physical method (top-down): 2g of mushroom powder
was added to 100ml of distilled water in a magnetic stirrer
at 50°C for 10 hours, then the solution was filtered 4 times
using filter paper. Next, the solution was precipitated at 50 uL/
min using a stirrer at 60°C to produce tin films for testing!
(Figure 1). A scanning electron microscope (SEM) was used
to confirm the size of processed micro particles. The particle
size was between 1-2 pm, according to the SEM test.

Fig. 1. A represents distilled water,
B represents PMM.

Antibacterial Activity

Bacterial strains (Staphylococcus aureus and Klebsiella
spp.) and Candida albicans were used in this study to
investigate antibacterial and antifungal activity. The cork
borer method was used to make the agar well in the plates.!2
Incubation durations for Staphylococcus aureus were 18 and
24 hours, while for Candida albicans, it was 24-72 hours. Then
the inhibition zone was calculated in mm.* The bacterial and
Candida sources were obtained from Medical City, a teaching
hospital in Baghdad. The measurement method was used in an
in vitro study and did not involve human subjects or animals.

Preparation of Samples

According to the test type, 120 samples were prepared,
10 samples were used for each test and each group (Figure 2).
The rectangular-shaped samples were prepared for each of the
flexural tests with dimensions based on ANSI/ADA No.12; for
the impact test, the dimensions of the samples were 60 mm x12
mm X 3 mm; for the water sorption test circle samples with
dimensions 50 mm x 0.5 mm were prepared according to ADA
No.12.14 For water sorption, the measuring method involved
the equation (M2-M1 mg/surface area cm?) by immersing the
samples in distilled water for one week. Samples were measured
with a sensitive electronic balance with precision 0.00001g. The
dimensions of the bacterial inhibition zone were 10 mm x 2 mm.
Flexural tests were performed on a universal testing machine;
impact tests were performed using the Izod impact test.

Fourier transform infrared spectroscopy (FTIR) was
used to identify organic, inorganic, and polymeric materials.
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Fig. 2. Sample numbers and distribution for each
test and group.

Statistical analysis was performed using SPSS version
24.0 (IBM Corp., Armonk, NY). For the descriptive analysis,
results are presented as mean (M) + standard deviation (SD).
For normally distributed data, inter-group comparisons were
performed using Student’s t-test. A probability value of P <
0.05 was considered statistically significant.

Results

The results of scanning electron microscopy (SEM)
and atomic force microscopy (AFM) indicated that the PMM
particles had reached the microscale, as the material contained
fibers that could not be further reduced, and that the particle
surfaces were smooth (Figure 3).

22 > Leveled (LS-planc)

SEM AFM

Fig. 3. The results of SEM and AFM.

The results of FTIR for both control and processed
groups showed that the changes that occurred in the processed
group involved a shortage at peak 2924 cm™! and 2854 cm’!
that refer to C-H alkane, and this could be explained as the
PMM was added in a small amount (10%) as an additive that
made the changes in the chemical formula of the new group
unremarkable (Figure 4).

PMM was tested against Staphylococcus aureus,
Klebsiella spp., and Candida albicans, and the results showed
no effect on the bacteria; it inhibited only Candida albicans,
with an inhibition zone diameter of 10 mm. The results for
MMA alone showed no effect on Staphylococcus aureus

and Candida albicans, but it did affect only Klebsiella spp.
However, after mixing MMA with 10% PMM, the natural
extract showed a synergistic effect against Staphylococcus
aureus, Klebsiella spp., and Candida albicans, with inhibition
zones of 7 mm, 8 mm, and 9 mm, respectively. The inhibition
zone diameters of acrylic discs containing PMM were 19mm,
21mm, and 16mm for Staphylococcus aureus, Klebsiella spp.,
and Candida albicans, respectively, whereas the MMA group
showed no effect (Figure 5).

MMA group Processed group

Fig. 4. FTIR for the MMA and processed groups.

Figure 5.

A. Effects of PMM on Staphylococcus
aureus, Klebsiella spp., and Candida.

B. Effects of MMA on Staphylococcus
aureus, Klebsiella spp., and Candida.

C. Effects of PMM and MMA on
Staphylococcus aureus, Klebsiella spp.,
and Candida.

D. Diameter of inhibition zone.

Statistical analysis showed a highly significant increase
in transverse and impact strengths for the processed group,
compared to the MMA group (Tables 1 and 2), and a highly
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compared to the MMA group (Table 3).

Table 1.
Descriptive and statistical test of transverse strength (MPa)
between groups.
MMA group Processed group P-value
Minimum 45.000 70.000
Maximum 70.000 93.000
0.004
Mean 60.800 75.100
+SD 9.693 9.562
Table 2.
Descriptive and statistical test of impact strength (J/m?) between
groups.
MMA group Processed group P-value
Minimum 0.400 0.400
Maximum 0.450 0.550
0.002
Mean 0.430 0.490
+SD 0.026 0.046
Table 3.

Descriptive and statistical test of water sorption (ug/mm?) between
groups.

MMA group Processed group P-value
Minimum 20 20
Maximum 80 40
0.026
Mean 52 30
+SD 8 3
Discussion

A synergistic inhibition effect of MMA with 10% PMM
on the growth of Staphylococcus aureus, Klebsiella spp.,
and Candida albicans was probably due to the homogenous
mixing and dissolving process of PMM in MMA.

As for mechanical properties, transverse and impact
strength were significantly higher in the processed group than
in the MMA group. This is probably due to PMM acting as a
filler to fill the spaces left after MMA evaporation and may
also be attributed to homogeneous distribution between PMM
and MMA. Both PMM and PMMA are considered organic
materials.2 Our study aligns with principles used to improve
PMMA’s mechanical properties by altering its chemistry or
adding fillers.'®!? The results also coincide with those reported
by Fahimeh et al.,"® who improved some mechanical properties
of PMMA by adding nanosilver.

The water sorption is considered an important
mechanical property in PMMA as it could affect the quality

of denture materials, which are affected by the nature of the
water environment, the polymer molecular composition, and
the additives present in the mixture. The results of this study
for water sorption showed a significantly reduced effect for
the processed group, compared to the MMA group. This was
probably due to a reduced number of microscopic pores and
homogenous mixing between PMM and PMMA 1922

In conclusion, the addition of PMM to the MMA
monomer and subsequent mixing with PMMA powder yielded
noticeable results from both mechanical and biological
perspectives.
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Abstract

Background: Orthodontic retention is critical to preserving treatment results and preventing relapses. Fixed retainers, while
effective, have been associated with plaque accumulation and gingival inflammation. This study assessed bleeding on probing
(BOP) in patients using different retainer designs. The aim is to compare the periodontal impact—specifically bleeding on
probing—of two different designs of fixed retainers bonded to the mandibular anterior teeth over 12 months.

Methods and Results: Sixty patients (age 16-25) completing orthodontic treatment were randomly assigned to receive either a
flat (FR) or round (RR) NiTi retainer. BOP was assessed at 3, 6, 9, and 12 months using a standardized periodontal probe. Data
were analyzed using SPSS 22.0 with Chi-square and Mann—Whitney U tests, considering P<0.05 as significant.

At 3 months, the FR group showed significantly lower BOP than the RR group (P = 0.024). Differences at 6 and 9 months were not
statistically significant. At 12 months, BOP was again significantly higher in the RR group (P = 0.001). Intra-group changes over
time were not significant for either group. The FR group consistently presented lower BOP means at all time points.

Conclusion: Flat fixed retainers resulted in significantly lower BOP at early and late follow-up, suggesting a potentially more
favorable periodontal response. Long-term monitoring and individualized hygiene reinforcement remain essential in retainer
management.(International Journal of Biomedicine. 2026;16(2):253-258.)
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Introduction

Orthodontic retention is a key part of modern care
and is planned for nearly every patient, regardless of age,
malocclusion, or appliance. This is because relapse is likely
without retention, and long-term aesthetic and functional
stability is increasingly emphasized.!? Many orthodontists
recommend lifelong retention to maintain treatment results,
since teeth may relapse due to occlusal forces, soft-tissue
pressures, and ongoing craniofacial growth.? Retention is
typically provided with bonded lingual fixed retainers or
removable vacuum-formed retainers, often worn canine-to-
canine in either arch, with selection tailored to the treatment
plan, malocclusion, age, and other factors.* Fixed retainers
differ in design and materials, ranging from stainless steel

and nickel-titanium to newer CAD/CAM-milled and fiber-
reinforced composites.® Despite these advancements, all types
share a common limitation: they lie against the tooth surface
and may disrupt proper oral hygiene practices. This physical
presence often promotes plaque and calculus accumulation in
the retainer region, which may compromise periodontal health
over time and eventually provoke bleeding on probing (BOP)
during the retention phase.®

There is ongoing debate about the long-term effects of
fixed retainers on oral hygiene and periodontal outcomes. While
some studies show increased plaque retention and gingival
inflammation, others report no significant periodontal damage,
even with prolonged use.”® For example, Levin et al. observed
higher rates of plaque accumulation, gingival recession, and
BOP in patients with fixed retainers.? Conversely, Rody et

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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al.’® and Booth et al.! reported no significant periodontal
impact after years of fixed retention.

Given this conflicting evidence, our study aimed to
compare periodontal outcomes, specifically BOP, between
two different designs of bonded fixed retainers.

The objective was to investigate whether the design
and dimension of these retainers affect BOP of lingual
surfaces of the lower incisor region in the mandible, after
orthodontic treatment during the first years of retention. Our
null hypothesis was that all fixed retainers provoke similar
periodontal responses after long-term use. Our working
hypothesis is that the flat prefabricated NiTi retainer has a
more favorable impact on periodontal health than the round
multistranded NiTi retainer.

Material and Methods

This study received ethical approval from the Ethical
Committee of the Kosova Dental Chamber (Approval No.
04/L-150-23-12/2021). Throughout the process, we adhered
to the ethical principles outlined in the Declaration of Helsinki
to ensure the study was conducted with respect and integrity.

Study Design and Participants

A total of 60 subjects (aged 16-25 years), who had
recently completed fixed orthodontic treatment at the UBT
College Dental Faculty, Orthodontic Department (Kosovo),
were enrolled at the start of their retention phase. All
participants signed an informed consent form. In individuals
younger than 18, written informed consent to participate was
obtained from their parents or legal guardians. Participants
were randomly allocated into two groups, each receiving a
different type of fixed retainer bonded to the lingual surfaces
of the six lower anterior teeth (canine to canine) (Figure 1):

e Group 1 (n=30) received a flat, prefabricated nickel-

titanium retainer (FR) (0.010”x0.029", four-strand

twist) manufactured by FORESTADENT, Germany.

e Group2(n=30)received amultistranded round nickel-

titanium retainer (RR) (90.44mm/17"), manufactured by

DENTAURUM, Germany.

(b)
Fig. 1. (a) FR- Flat retainer; (b) RR- Round retainer.

All retainers were bonded by the same experienced
orthodontist, using a standardized protocol.

Inclusioncriteria: Patients completing full fixed appliance
treatment with no mandibular extractions during treatment or
the 12-month follow-up; intact lower anterior segment (no
caries/restorations/crowns/bridges); no parafunctional habits

or occlusal interferences; no IPR or supracrestal fiberotomy;
and no syndromic conditions. Exclusion criteria: Missed
follow-up visits, prosthetic treatment during the study period,
smoking, or functional habits (e.g., bruxism or tongue thrust).

Procedure and Clinical Assessment

All bonding procedures followed a uniform protocol,
including tooth cleaning, etching, and adhesive application
over retainer wire. The primary outcome was BOP, evaluated
in the intercanine region (from tooth 33 to 43) at 3, 6, 9, and
12 months. At each follow-up appointment, patients were
reminded and encouraged to maintain proper oral hygiene.
BOP was assessed using a periodontal probe (NC 15,
HuFriedy), and the number of teeth with BOP among the six
lower anterior teeth was recorded. Bleeding on probing was
visually assessed as the proportion of sites that were bleeding
30 s after 6 sites per tooth were probed!? (Figure 2).

Fig. 2. Measurement of BOP indices after (a) 3months, (b) 6 months,
(c) 9 months, and (d) 12 months of observation period with bonded
flat retainer.

Statistical Analysis: All data collected in the study were
analyzed using SPSS software, version 22.0 for Windows, and
the findings were presented in tables and graphs. Categorical
variables (such as yes/no responses) were summarized using
frequencies and percentages, while numerical data (e.g.,
age or clinical measurements) were described using means,
medians, ranges (minimum and maximum values), and
standard deviations to indicate variability. Prior to conducting
group comparisons, the Shapiro—Wilk test was used to assess
whether the numerical data followed a normal distribution.
For statistical analysis, the Chi-square test was applied to
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examine associations between categorical variables, and
odds ratios (OR) were calculated to estimate the likelihood
of outcomes between groups. Differences in proportions were
assessed using a test for proportion differences. For numerical
variables that did not meet the assumption of normality, the
Mann—Whitney U test was used. All tests were two-sided, and
results were considered statistically significant if P<0.05.

Results

Gender Distribution

In the FR (flat retainer) group, 11 participants were male
(36.7%), and 19 were female (63.3%), resulting in a male-
to-female ratio of 0.58:1. In the RR (round retainer) group, 7
participants were male (23.3%), and 23 were female (76.7%),
with a male-to-female ratio of 0.30:1. Chi-square test results
showed no significant association between gender and group
allocation (x> = 1.269; df = 1; P=0.259) (Table 1)

Table 1.
Analysis of study groups by gender.

Groups
Gender Statistics®
FR RR
Total (n=60)
Male 11 (36.7%) 7 (23.3%) v=1.269
Female 19 (63.3%) | 23(76.7%) | df=1
Difference test: | P=0.0410 | P=0.0001 | =0-259
*‘Mann-Whitney U Test

Bleeding on probing was assessed on the six lower
anterior teeth (intercanine region). For each participant,
the number of teeth showing bleeding during probing was
recorded. The presence of bleeding was analyzed at each of
the four follow-up visits for both groups (FR and RR).

Data Distribution and Statistical Approach

The distribution of BOP values at all four time points
did not follow a normal distribution, as confirmed by the
Shapiro-Wilk test:

e 3 months: W=0.9088, P =0.0003

e 6 months: W=0.9278, P=0.0016

e 9 months: W=10.9048, P =0.0002

e 12 months: W=0.8902, P =0.0001

As a result, non-parametric statistical tests were applied
for both intra-group (within FR or RR groups over time) and
inter-group (FR vs. RR at each time point) analyses of BOP
(Graph 1).

Intragroup Comparison of BOP

In the FR group, the lowest BOP was observed at 3
months (mean: 3.20£1.58; median: 3.00). A slight increase
was noted at 6 and 9 months, with a median of 4.00 at both

time points. By 12 months, BOP slightly decreased again
(mean: 3.37+1.21). No significant difference was observed
across time points (Friedman Test, > = 0.622, P = 0.891).

In the RR group, BOP values were fairly stable
during the first three time points, with a median of 4.00. At
12 months, BOP increased noticeably (mean: 4.53+1.33;
median: 5.00). The increase was borderline non-significant
across time points (Friedman Test, x> = 7.758, P = 0.051).
(Table 2 and Graph 2).

Intergroup Comparison of BOP

Intergroup comparisons were made at each of the four
follow-up time points (Table 3, Graph 3). At 3 months, BOP
was significantly higher in the RR group than the FR group
(P = 0.024). At 6 and 9 months, no statistically significant
differences were observed. At 12 months, BOP was again
significantly higher in the RR group (P =0.001), indicating a
possible long-term periodontal impact of the round retainer.
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Graph 1. Distribution of BOP frequencies at ﬁ);r time points.

Table 2.

Intragroup comparison of BOP at four time points.

Bleeding on probing - BOP

Median Mean
(IQR) Rank

Statistics”

Mean+ SD|(Min/
n Max)

Intragroup
comparison

|
=

3 months (30(3.20+1.58 0.00/6.00(3.00 (2.00-4.00)(2.42
6 months |30(3.40+1.73{0.00/6.00/|4.00 (2.00-4.25)|2.58 [¢*=0.622
9 months (30{3.47+1.36 |0.00/6.00|4.00 (2.00-4.00)|2.58 Pg(g.=8391
12 months|30|3.37+1.21{2.00/6.00{3.00 (2.00-4.00)|2.42

RR
3 months (30(4.07+1.310.00/6.00{4.00 (3.75-5.00)(2.50
6 months {30(3.87+1.13{2.00/6.00/|4.00 (3.00-4.25)[2.27 |¢*=7.758
9 months (30(4.03+1.38|2.00/6.00(4.00 (3.00-5.00)(2.40 P=d(§T)351

12 months{30(4.53+1.33 {2.00/6.00|5.00 (4.00-6.00)(2.93

“Friedman Test; IQR - Interquartile Range.
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Graph 2. Intragroup comparison of BOP at four time points
(FR and RR groups)

Table 3.

Intergroup comparison of BOP at four time points.
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—4#=FR =8~ RR

Bleeding on probing (BOP)

[=]
(=9
5% : IQR 8
%D g* n |Mean+ SD M;l(/ E
£5 Ql |Q2 [Q3n| 2
3 months
FR {30 {3.20£1.58 [0.00/6.00]2.00 [3.00 [4.00 | 7_ 5 56>
RR |30 |4.07£1.31 [0.00/6.00(3.75|4.00 |5.00 | £=0-024
6 months
FR {30 |3.401.73 [0.00/6.00]2.00 [4.00 |4.25 | 7_ 0 997
RR |30 |3.87+1.13 [2.00/6.00(3.00|4.00 |4.25 | £=0-375
9 months
FR {30 |3.47+1.36 [0.00/6.00|2.00 [4.00 [4.00 | 7_ | 475
RR |30 |4.03+1.38 [2.00/6.00(3.00|4.00 |5.00 | £=0-179
12 months
FR {30 [3.37+1.21 [2.00/6.00(2.00 [3.00 [4.00 | ;_ 5 53¢
RR |30 |4.53+£1.33 [2.00/6.00(4.005.00 |6.00 | £=0-001

Mann-Whitney U Test; IQR - Interquartile Range; Q2- Median.

Graph 3. Comparison of the BOP median value by study groups
at four time points.

Discussion

This study aimed to examine how two types of bonded
fixed nickel-titanium orthodontic retainers—flat and round—
affect bleeding on probing over a 12-month period. The first
hypothesis, that both retainer types induce a periodontal
response, can be accepted. The second hypothesis—that
flat retainers lead to a milder periodontal response than
round ones—can only be partially supported. Our findings
demonstrated significantly higher BOP in the RR group
compared to the flat retainer (FR) group at 3 months (P =
0.024) and again at 12 months (P = 0.001). No statistically
significant differences were observed at 6 and 9 months. These
results align with previous research by Levin et al. (9), who
found higher BOP in patients with bonded retainers than in
those without, although they did not differentiate between
types of retainers. Levin et al. (9) also noted that participants’
younger age might mask stronger differences observed in
older populations. Hence, placing bonded retainers as far from
the gingival margin as possible is advised to reduce plaque
retention and bleeding risk.

In our study, BOP was recorded as a “yes” or “no”
response, regardless of bleeding severity or speed following
probing. While this binary system allowed for standardized
data collection, it did not account for differences in bleeding
intensity or onset. Future studies should consider using
a graded scale (e.g., mild, moderate, severe) to capture
the wvariability in clinical presentation. Our findings are
consistent with Knaup et al.,2 who observed higher BOP,
plaque index (PI), and gingival index (GI) in patients with
0.0175-in round retainers than in those with digitally printed
flat retainers—similar to the FR used in our study. Storey et
al.* also reported increased periodontal indices, including
BOP, with 0.0195-in round stainless steel retainers at 1-year
follow-up. These findings support the notion that wire type
and thickness can influence periodontal health, even when
the design is the only difference. However, Buzzatta et al.l*
emphasized that existing studies comparing flat and round
retainers are limited by small sample sizes, short follow-ups,
and variability in wire type and bonding method. In contrast,
other studies found no significant differences in periodontal
health between flat and multistranded wires, which may
reflect inconsistencies in study design, patient behavior, or
measurement tools. !¢
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Although many studies assess periodontal health in
patients with bonded retainers, very few specifically evaluate
retainer designs that allow or obstruct interproximal flossing.
This is an important gap, as numerous studies have reported
that bonded fixed retainers may contribute to increased
plaque and calculus accumulation and gingival inflammation.
Conversely, several studies have not found any negative
impact on periodontal parameters. Factors such as periodontal
phenotype, brushing habits, oral hygiene motivation, and
toothbrush type all play critical roles. For instance, Corbett
et al.®® found no clinical difference in gingival health
between flat and round retainers over a 2—4 year period.
The authors speculated that the lack of difference may be
due to patients being better educated about the potential oral
hygiene challenges associated with retainers, thus improving
compliance—especially in the mandibular arch. Similarly, J.
Artun? found no negative effects of bonded retainers on teeth or
surrounding hard/soft tissues, even after up to 8 years of wear.
Nevertheless, it is widely acknowledged that fixed retainers
complicate daily hygiene routines. Therefore, patients must be
thoroughly instructed in proper retainer care, including the use
of interdental cleaning devices.™?

The patient’s motivation is a crucial factor in maintaining
hygiene while using bonded retainers. Improper bonding (e.g.,
on every anterior tooth) can impede toothbrush access, reduce
the effectiveness of flossing, and ultimately lower compliance
and oral health.2%2

Limitations

This study has several limitations, including a
relatively small sample size, a 12-month follow-up
period, and a monocentric design, which may limit the
generalizability of the findings. Additionally, variations in
individual oral hygiene practices and the absence of long-
term assessments beyond one year may have influenced the
observed periodontal outcomes.

However, close monitoring protocols are essential for
patients with bonded fixed retainers. Periodontal parameters
tended to rise in both groups during the 12-month observation
period, underscoring the need for regular follow-ups and
reinforced oral hygiene instruction.
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Abstract

Background: The primary aim of this study was to evaluate the efficacy of root canal chemomechanical debridement in
reducing patient pain from preoperative baseline to 48 hours post-treatment and to identify clinical or demographic predictors of
postoperative discomfort.

Materials and Methods: In this prospective clinical study, 92 patients requiring non-surgical root canal treatment were enrolled.
Canals were prepared using the ProTaper Gold rotary system and 5.25% sodium hypochlorite irrigation. Patients were randomly
assigned to receive either calcium hydroxide intracanal medicament or no medicament. Pain intensity was recorded preoperatively,
and at 24 and 48 hours using a 4-point visual analog scale (VAS). Data were analyzed using Spearman’s rank correlation, Chi-
square, and Wilcoxon signed-rank tests (P < 0.05).

A highly significant reduction in pain was observed at both 24 and 48 hours (P < 0.0001). Preoperative pain severity showed a
strong negative correlation with the magnitude of pain reduction at 48 hours (p = -0.8709, P < 0.0001). Demographic factors
(age, gender), tooth type, pulpal/periapical diagnosis, and the use of calcium hydroxide did not significantly influence postoperative
pain levels (P > 0.05).

Conclusion: Chemomechanical debridement is highly effective for immediate pain resolution, particularly in patients with high
baseline symptoms. Postoperative pain is independent of anatomical location or the use of interim medications.(International
Journal of Biomedicine. 2026;16(2):259-265.)
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Introduction

The biological rationale for pain resolution in
endodontics rests on the effective reduction of the intracanal
microbial load and the removal of inflamed or necrotic pulp
tissue, which are the main causes of pulpal and periapical pain.
In cases of inflamed pulp and/or periapical tissues, the pulp and
periapical tissues are characterized by a significant elevation of
inflammatory mediators.:2 It is often hypothesized that these
patients are more prone to sustained postoperative discomfort
due to the “central sensitization” of periapical tissues.?
However, research into whether these preoperative diagnoses
act as definitive predictors of postoperative pain remains
inconclusive, as clinical outcomes often vary regardless

*Corresponding author: Mohammed Sarhan Alzahrani. E-mail:
m.sarhan@bu.edu.sa

of the initial pulpal state.* Root canal treatment (RCT) is a
highly predictable procedure aimed at eliminating microbial
infection within the root canal system and preventing apical
periodontitis.> Despite its high success rate (often exceeding
90%), postoperative pain remains a significant concern for
both patients and clinicians. Postoperative pain following
root canal treatment is a frequent occurrence, with reported
prevalence exceeding 50% in many studies, and is largely
influenced by factors including the patient’s preoperative
pain condition, the periapical diagnosis, and the treatment
protocol employed.®? The primary causes of this flare-up
pain are thought to be the extrusion of infected debris into
the periapical tissues and chemical irritation from irrigants or
physical pressure.32

Endodontic treatment may be completed in either a single
visit or multiple visits. Multiple-visit endodontic therapy offers
several advantages, including enhanced control of infection
using intracanal medicaments, improved management of

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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persistent exudation or symptoms, and the opportunity to
monitor healing and patient response between appointments.
Yet, the correlation of the incidence of postoperative pain in
cases treated with single or multiple visits is inconclusive in
many studies.!!

The choice of instrumentation plays a pivotal role in
managing these inflammatory responses. The ProTaper Gold
rotary system utilizes advanced metallurgy that provides
high flexibility and cyclic fatigue resistance, enabling a more
centered preparation and more efficient debris removal.!21
This is critical because the extrusion of infected debris into
the periapical space is one of the triggers for postoperative
flare-ups. By combining this mechanical efficiency with the
robust proteolytic and antimicrobial properties of 5.25%
Sodium Hypochlorite, clinicians can achieve a level of
disinfection that significantly shifts the patient’s experience
toward recovery.'

Furthermore, the management of the root canal space
between appointments often involves the use of intracanal
medicaments. Calcium hydroxide (Ca(OH),) is widely
utilized for its high pH, which aids in neutralizing bacterial
by-products and potentially dampening the inflammatory
cascade.’ Despite its theoretical benefits, statistical evidence
regarding its ability to reduce immediate postoperative pain
compared to empty canals is often inconsistent, suggesting
that the quality of the initial biomechanical debridement may
be the more significant factor in pain perception.'¢

A unique aspect of this study is the isolation of the
biomechanical preparation phase, as no root canal obturation
was performed. This allows for an assessment of the “cleaning
and shaping” efficacy independent of potential pressure or
chemicalirritation caused by sealerand gutta-perchaplacement.
The present study was therefore designed to evaluate the
short-term effect of Chemomechanical Debridement of the
root canal on postoperative pain levels at 24 and 48 hours,
and to assess potential correlations between pain changes and
procedure, patient- or tooth-specific variables.

Materials and Methods

A random sampling method was employed to select
participants from the pool of patients referred to the Endodontic
Department at Al-Baha Dental Center. All prospective
participants were thoroughly informed about the study’s aims,
design, and procedures. Written informed consent was obtained
from every patient prior to their enrollment in the study.
Only adult patients aged 18 years or older who were referred
for non-surgical root canal treatment and met the diagnostic
criteria for non-surgical root canal treatment were included in
this study.

To ensure a homogeneous study group and minimize
confounding variables, the following cases were excluded:
medically compromised patients, teeth with non-healing prior
root canal treatment, teeth with procedural mishaps (e.g.,
perforations, instrument separation), teeth with an open apex,
pregnant patients, teeth exhibiting severe periodontitis, teeth
with complex root canal anatomy and teeth with calcified root
canals.

The primary outcome variable, pain, was assessed
preoperatively and at defined postoperative time points (24 and
48 hours) following completion of root canal biomechanical
preparation.

Pain intensity was assessed using a four-point visual
pain scale. A score of 1 indicated the absence of pain. A score
of 2 represented mild pain, defined as tolerable discomfort that
typically does not require analgesic medication. A score of 3
denoted moderate pain, characterized by discomfort generally
relieved with analgesics. A score of 4 corresponded to severe
pain, defined as intense discomfort that is not adequately
controlled by analgesic therapy.

A single examiner performed the clinical follow-up to
ensure consistency in the assessment and categorization of
post-treatment pain and swelling at the 24-hour and 48-hour
checkpoints.

A standardized case record form was employed
to systematically collect relevant information for each
participant, including demographic characteristics (age and
gender), clinical variables (tooth category—anterior, upper
premolar, upper molar, lower premolar, or lower molar—
pulpal and periradicular diagnoses, and the presence and
intensity of preoperative pain), as well as the treatment
variable concerning the use or non-use of calcium hydroxide
as an intracanal medicament.

The root canal treatment (RCT) procedure was
performed under strict aseptic conditions, in accordance with
the established standard of care. The tooth and surrounding
tissues were thoroughly anesthetized via infiltration and/or
nerve block using Xylocaine 2% with Epinephrine 1:100,000.
Complete rubber dam isolation was achieved to maintain an
aseptic field, prevent microbial contamination from saliva,
and protect the patient from irritating irrigating solutions.
A standard endodontic access cavity was prepared to allow
straight-line access to all root canal orifices. The working
length (WL) of each canal was precisely determined using
a DentaPort ZX electronic apex locator (MORITA). This
measurement was confirmed with a verifying intra-oral
periapical radiograph to ensure accuracy. The root canals were
prepared (Cleaning and Shaping) using the ProTaper Gold
rotary file system according to the manufacturer’s instructions
in a crown-down technique. During the entire shaping process
and as a final rinse, the canals were copiously irrigated with
5.25% Sodium Hypochlorite solution to dissolve organic
tissue and disinfect the canal system. Following mechanical
preparation and final irrigation, the canals were dried using
sterile paper points. Based on the study protocol, the prepared
canals were managed in one of two ways:

Intracanal Medication Group: A non-setting calcium
hydroxide paste was placed into the canal as an antimicrobial
intracanal medicament.

Control Group: The canals were left dry and empty. The
canal orifices were covered with a small cotton pellet. A layer
of Cavit was then placed over the cotton pellet to provide a
secure coronal temporary seal. The occlusion of the treated
tooth was checked, and any necessary occlusal adjustments
were performed to eliminate premature contacts and reduce
biting forces on the temporarily restored tooth, thereby
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minimizing postoperative discomfort. For pain management,
the patients were instructed to take 400 mg of Ibuprofen if
needed.

The post-operative pain intensity was assessed using
the visual analog scale (VAS) at 24 and 48 hours after
treatment.

Statistical Analysis: All collected data were compiled
and analyzed using SPSS Statistics, Version 22.0 (IBM
Corp., Armonk, New York, USA). Ordinal statistical methods
(Spearman’s rank correlation [p] and chi-square analysis) were
used to evaluate the presence and strength of associations
between categorical variables. A P-value of < 0.05 was
considered statistically significant.

Results

The study population (92 patients) demonstrated
profound pain resolution across both postoperative
assessment periods, revealing the substantial therapeutic
efficacy of endodontic treatment. Preoperatively, the cohort
presented with a heavily symptomatic distribution: 43 patients

Table 1.

Relationship between demographic and clinical factors and 24-
hour postoperative pain level. after treatment.

(46.7%) experienced severe pain, representing nearly half of
all cases. This high baseline symptomatology reflects the
nature of endodontic referrals, where patients typically seek
treatment due to symptomatic pulpal pathology requiring
urgent intervention.

Table 1 illustrates the relationship between demographic
and clinical factors and the intensity of postoperative pain at the
24-hour mark. Neither gender (P = 0.931) nor age (P = 0.121)
showed a significant association with postoperative pain. Notably,
all cases of severe pain (n=6) were reported by patients under the
age of 40, though this did not reach statistical significance. Tooth
category (P = 0.397), pulpal diagnosis (P = 0.282), and periapical
diagnosis (P = 0.451) did not significantly influence pain levels.
Lower molars and premolars accounted for the highest frequency
of severe pain (n=5). There was no significant correlation between
preoperative pain levels and 24-hour postoperative pain (P =
0.314). Furthermore, the use of calcium hydroxide as an intracanal
medicament did not significantly affect pain outcomes (P =0.700),
with similar “no pain” rates reported in both the Ca(OH), group
(52.2%) and the group without it (58.3%).

Table 2.

Relationship between demographic and clinical factors and 48-
hour postoperative pain level. after treatment.

Postoperative , Postoperative ,
0 pain P- |Spearman’s pain P- |Spearman’s
) value P 5 value p
Mild|Mod |Sev n |Mild|Mod|Sev
Male 241 13 | 4 |3 Male 29| 7 7 |1
Gender 0.931 Gender 0.929
Female 27112 | 6 |3 Female 321 8 6 | 2
<40 years 260 12 | 6 | 6 <40 years 31 7 9 |3
Age 0.121 Age 0.227
>4() years 25113 1 4 | O >4(0 years 30| 8 4 10
Anterior 71 5 310 Anterior 11| 3 1 {0
Upper premolars [ 13| 4 2 |1 Upper premolars (15| 3 1 |1
Tooth Upper molars  [13| 6 4 10 1]0.397 Tooth Upper molars |15 3 5 | 0 ]0.806
category category
Lower premolars| 6 | 2 0|2 Lower premolars | 6 | 2 2 10
Lower molars [12| 8 113 Lower molars |14 4 4 12
No 13| 7 4 |1 No 16| 5 3|1
Preoperative Mild 713 310 0314| -0.8341 Preoperative Mild 2 310 0.098 | -0.8709
pain Moderate 41510 |2]" ' pain Moderate 502 1] '
Severe 27110 | 3 |3 Severe 34| 3 511
SIP 231 7 410 SIP 27| 4 310
Pulp AIP 31 2 0|0 0.282 Pulp AIP 31 2 0|0 0.368
diagnosis [N 0ol2|" diagnosis  |N 1 1111
PI 211 13 | 6 | 4 PI 25| 8 912
NP 12| 3 3|1 NP 13| 4 1|1
o SAP 280 12 | 3 | 4 o SAP 331 6 7 |1
Periapical 5 p 6 2 | 0 |0451 Periapical [\ \p 6| 3 |3 ]o0]o6n
diagnosis diagnosis
AAA 4 0 |1 AAA 1 0|1
CAA 2 10 CAA 1 210
Used 231 13 | 4 | 4 Used 31| 7 4 |2
Ca(OH), 0.700 Ca(OH), 0.538
Not used 280 12 | 6 |2 Not used 30| 8 9 |1

P-value derived from Pearson's chi-square test; Mod, moderate; Sev,
severe, SIP, symptomatic irreversible pulpitis; AIP asymptomatic
irreversible pulpitis; N, necrosis, PI, previously initiated,” NF, normal
periapical tissues; SAP, ym{?tgmanc apical periodontitis; AAP,
asymptomatic apical periodontitis;, AAA, acute apical abscess; CAA,
chronic apical abscess.

P-value derived from Pearson's chi- Iquare test; Mod, moderate, Sey,
severe; SIP. symiptomatic irreversible pulpitis; AP asymptomatic
irreversible puilpitis; N, necrosis; PI, previously initiated,” NP, normal
periapical tissues;, SAP, Zymﬁt.omatlc apical periodontitis; AAP,
asymptomatic apical periodontitis;, AAA, acute apical abscess; CAA,
chronic apical abscess.
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Table 2 summarizes the relationship between
various demographic and clinical factors and the intensity
of postoperative pain recorded 48 hours after treatment.
Consistent with the 24-hour data, none of the variables
examinedreachedstatistical significance (P<0.05), indicating
that none of these factors were significant predictors of pain
intensity at the 48-hour mark. No significant association was
found between gender (P = 0.929) or age (P = 0.227) and
postoperative pain.

Similar to the 24-hour findings, all reported cases of
severe pain (n=3) occurred in patients under the age of 40.
Tooth category (P = 0.806), pulpal diagnosis (P = 0.368),
and periapical diagnosis (P = 0.611) showed no statistically
significant impact on pain levels. Lower molars remained the
category with the highest frequency of moderate-to-severe
pain. Preoperative pain levels did not significantly influence
48-hour postoperative outcomes (P = 0.098). Notably, the
majority of patients presented with severe preoperative pain
(34 out of 43) reported “No pain” by the 48-hour mark. The
use of Ca(OH), did not result in a significant difference in
pain outcomes compared with cases without it (P = 0.538).
Both groups showed similar rates of being pain-free at 48
hours (70.4% in the “Used” group vs 62.5% in the “Not used”
group).

To analyze the change in pain from the preoperative
state to the postoperative intervals (24 and 48 hours), a
Wilcoxon signed-rank test was used. This test is appropriate
for comparing paired ordinal data (e.g., pain levels) within the
same group of patients at different times.

Analysis of pain progression over time revealed highly
significant clinical improvement following treatment (Table 3
and Figure 1). When comparing preoperative baseline levels to
the 24-hour mark, 56 patients experienced improved (lower)
pain levels (P < 0.0001). This trend of resolution persisted
through the 48-hour mark, with 58 patients reporting improved
pain scores compared with their preoperative state (P <
0.0001). While most of the cohort showed immediate relief, a
small subset of patients experienced either the same level of
discomfort or a temporary worsening of symptoms at 24 hours
(19 and 17 patients, respectively) and 48 hours (21 and 13
patients, respectively).

The graphs in Figure 2 illustrate a strong negative
correlation between initial pain levels and the degree of pain
change after treatment. Spearman’s rank correlation revealed
p =-0.8341 at 24 hours and p = -0.8709 at 48 hours (both P <
0.0001), indicating that patients with higher preoperative pain
experienced the greatest reductions in symptoms following
the procedure.

Table 3.

Comparison of pain level transitions from preoperative baseline to
24 and 48 hours post-treatment.

. . Improved Same Worsened
Time Comparison (Lower pain)]  pain  |(Higher pain) P-value
Pre-op vs. 24 hours 56 19 17 <0.0001
Pre-op vs. 48 hours 58 21 13 <0.0001

Trend of Pain Severity Levels Over Time
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Figure 1. This line graph illustrates the percentage of patients
experiencing various pain intensities (No pain, Mild, Moderate,
Severe) across three assessment intervals: Preoperative, 24-
hour, and 48-hour postoperative. A significant upward trend
is observed in the “No pain” category, while “Severe” pain
shows a sharp decline following treatment, confirming the
procedure’s overall clinical efficacy (P < 0.0001).

Preoperative Fain as Predictor of 24:-Hour Pain Change
{p = -0.8341, p < 0.0001)

Preoperative Pain a3 Predictor of 48-Hour Pain Change
(p = -0.8709, p < 0.0001)
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Figure 2. Scatter plots with mean regression lines showing the
relationship between baseline pain severity and subsequent
pain level changes.

Discussion

The primary objective of this study was to determine
the patients’ pain perception before and after biomechanical
preparation of the root canal system. The results
demonstrated a clear, clinically significant trend toward
overall pain reduction in the sample studied (n=92). At 24
hours, 55.4% of patients reported an improvement in pain,
and this figure rose to 63.04% at 48 hours, with a mean pain
change of -1.25 on the scale. Furthermore, the most the
most clinically important finding of this study is the strong
negative correlation between preoperative pain severity
and the magnitude of pain reduction following treatment.
At 24-hour post-treatment, this correlation reached p =
-0.8341 (P <0.0001) and strengthened further to p =-0.8709
(P < 0.0001) at 48 hours. These are extraordinarily strong
correlations in biomedical research, indicating a robust and
highly statistically significant relationship. The negative
direction means that patients presenting with the highest
preoperative pain experienced the greatest absolute reduction
in pain following treatment—a counterintuitive but clinically
profound finding. This overall positive outcome aligns with
the established efficacy of standard root canal procedures,
which, through mechanical debridement and disinfection,
successfully remove the primary cause of inflammation—
the microbial load and high levels of endotoxins, thereby
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relieving pressure and chemical irritation.”” This finding has
profound implications for patient counseling and expectations
management. A patient presenting severe pulpal pain should
be informed that endodontic treatment will likely provide
substantial and rapid pain relief, with the expectation of
achieving no pain or minimal discomfort within 24-48 hours.
Conversely, a patient requiring elective endodontic treatment
despite minimal or no symptoms should be counseled that
the procedure itself may produce postoperative discomfort,
even though no preoperative pain existed. The extraordinary
strength of this correlation (p = -0.87) makes it one of
the most predictive relationships in the entire dataset, far
outweighing the weak associations observed with anatomical
or demographic variables.

Pulpal diagnosis showed no correlation with
postoperative pain outcomes, as previously reported by
Harrison et al.*® Yet this finding contrasts sharply with the
previous study by Segura-Egea et al., which identified
pulpal diagnosis as a significant predictor. Furthermore,
these results challenge the hypothesis that patients diagnosed
with symptomatic irreversible pulpitis exhibit an increased
propensity for prolonged postoperative pain. Conventional
theories suggest that such cases involve an elevated release
of inflammatory mediators and neuropeptides—specifically
Substance P and Calcitonin Gene-Related Peptide—into the
periapical tissues, potentially leading to persistent discomfort
despite comprehensive chemomechanical debridement. This
suggests that other factors—potentially including operator
technique, individual inflammatory response capacity, and
psychological pain perception—are more influential than the
pulpal diagnosis category.

Periapical diagnosis, representing the extent or
severity of apical pathology visible radiographically,
showed no significant correlation with postoperative pain
at either assessment time point. These results indicate that
the radiographic appearance of periapical pathology—
traditionally considered indicative of the chronicity and
severity of apical inflammation—does not meaningfully
predict the acute postoperative pain response.? This finding
suggests a dissociation between the chronic periapical
inflammatory burden and the acute inflammatory response
generated by endodontic instrumentation. A patient
with extensive apical lesions may experience minimal
postoperative pain, while a patient with minimal periapical
findings might experience substantial discomfort. This
emphasizes that postoperative pain is driven by acute
procedural inflammation rather than by the pre-existing
chronic pathological burden.

Demographic characteristics of the patient population
demonstrated complete independence from postoperative
pain outcomes. Whether a patient was in their twenties
or their seventies, endodontic postoperative pain was
equally likely or unlikely. Similarly, patient sex showed no
significant association with postoperative pain levels. This
finding supports the principle of sex-neutral clinical care for
endodontic treatment and suggests that clinical decision-
making regarding pain management should not be predicated
on patient sex. This finding contrasts with some clinical

assumptions about sex and age-related pain sensitivity and
suggests that biological age does not fundamentally alter the
postoperative pain response to endodontic treatment.2'While
preoperative pain severity is an extraordinary predictor of pain
reduction (as discussed previously), it surprisingly does not
predict the absolute magnitude of postoperative pain itself.
Spearman's p between preoperative and postoperative pain
levels were -0.8341 at 24 hours and -0.8709 at 48 hours (both
P <0.0001), indicating that patients with higher preoperative
pain experienced the greatest reductions in symptoms
following the procedure. This apparent paradox reveals
important information about the distribution of outcomes..

The explanation lies in the ceiling and floor effects
of the ordinal scale. Patients who present with severe
preoperative pain (category 4) experience large reductions
but often end at no pain (category 1), while patients who
present with no preoperative pain (category 1) experience
small increases and may remain at mild pain (category 2).
The absolute postoperative pain values thus converge toward
the middle-to-lower range regardless of starting point. A
patient with severe preoperative pain and another with mild
preoperative pain may both achieve no pain by 24 hours,
resulting in identical postoperative values despite markedly
different pain trajectories. This demonstrates why examining
pain change rather than absolute postoperative pain is more
informative for understanding treatment effects—the clinical
reality is that endodontic treatment benefits patients across
the spectrum of preoperative severity, but with different
magnitudes of change.

Despite widespread clinical use of calcium hydroxide
as an interim dressing between appointments, the analysis
revealed no significant correlation between dressing
application and postoperative pain levels. These findings
suggest that calcium hydroxide dressing does not substantially
mitigate postoperative pain in this patient population. This
suggests that while the entire treatment protocol effectively
reduces pain, the specific use of CaOH, as the medicament
may not be the overriding factor influencing immediate
pain relief compared to other variables. This is consistent
with studies suggesting that the major decrease in pain after
the first visit is attributable to thorough instrumentation
and irrigation, which drastically reduce intracanal pressure
and endotoxin levels, rather than the subsequent action of
the medicament over the short 48-hour period.?2 While the
most dramatic pain changes occur in this window, the full
antimicrobial and tissue-healing benefits of CaOH, may
require a longer duration,?? especially in promoting the
healing of periapical lesions.

The anatomical location or number of the treated tooth
demonstrated no significant correlation with postoperative
pain levels. This finding contradicts potential clinical
assumptions that anterior teeth might experience different
postoperative pain than posterior teeth, or that teeth in
different positions might have varying pain propensities due
to biomechanical or vascular differences.2 The null finding
regarding tooth position emphasizes that postoperative pain
is determined by patient and procedure factors rather than
anatomical location. Whether treatment involved an anterior
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incisor or a posterior molar, postoperative pain patterns were
statistically indistinguishable. This suggests that clinicians
can apply consistent pain management protocols across
all tooth positions without the need for location-specific
modifications based solely on anatomical considerations.

A limitation of this study is the short, 48-hour follow-
up period. Future research should utilize a randomized
controlled design with a standardized placebo group and
extend the observation period.

Conclusion

Root canal chemomechanical debridement provides
statistically significant pain reduction within 24 to 48 hours.
The procedure is most effective for patients presenting with
severe preoperative pain. Clinical variables, including tooth
location and intracanal medicaments, do not significantly
influence short-term pain perception.
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Abstract

Giant cell arteritis (GCA), or temporal arteritis, is a common disease of senior age. GCA requires an early diagnosis to avoid serious
disability and morbidity in the elderly population. Laboratory findings include elevated ESR and C-reactive protein. However,
ESR may be normal in some biopsy-proven cases of GCA. Herein, we report the case of a 57-year-old woman with diabetes
mellitus and hypertension who presented with a two-month history of progressive, painless visual loss in the right eye, associated
with headache, shoulder girdle pain, and mild morning stiffness. Ophthalmologic evaluation raised concern for arteritic anterior
ischemic optic neuropathy (AAION). Despite strong clinical suspicion, laboratory investigations revealed normal ESR and CRP
levels prior to glucocorticoid exposure. Temporal artery ultrasound demonstrated subtle wall thickening with a perivascular halo
sign involving the right temporal artery, consistent with temporal arteritis. The patient declined a temporal artery biopsy. Empirical
high-dose oral glucocorticoid therapy was initiated due to the imminent risk of permanent visual loss, resulting in significant
clinical improvement of vision. Given concerns regarding long-term steroid toxicity, particularly poor glycemic control, steroid-
sparing therapy with tocilizumab was considered.

This case highlights that GCA may present with normal inflammatory markers and emphasizes the importance of maintaining a
high index of clinical suspicion. Normal ESR and CRP values should not delay treatment in patients with compatible clinical and
imaging findings, as prompt intervention is critical to prevent irreversible complications.(International Journal of Biomedicine.
2026;16(2):266-269.)
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AAION, arteritic anterior ischemic optic neuropathy; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; GCA, giant
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Introduction

Temporal arteritis, or giant cell arteritis (GCA), is the
most common vasculitis in older adults. The prevalence of the
disease is around 0.2% in patients over the age of 50. It is an
important cause of morbidity. Irreversible visual loss is the
most feared complication of GCA, affecting approximately
20% of cases. The clinical presentation is diverse, and the signs
and symptoms are typically caused by ischemia in the territory

*Corresponding author: Dr. Abdulrahman Ali M Khormi.
E-mail: isameldin2015@gmail.com

of the superficial temporal artery (STA) or any of its branches.
GCA’s neurological manifestations include neuropathies,
strokes, and neuro-rheumatological manifestations such as
hearing loss and vertigo. Abnormal laboratory findings, such
as elevated ESR and C-reactive protein, are quite common.
Nonetheless, inflammatory markers may be normal in some
biopsy-proven cases of GCA .12

Polymyalgia  rheumatica ~ (PMR) is  another
rheumatological disease marked by joint arthralgias, morning
stiffness, elevated ESR, and a dramatic response to low-dose
steroids. These two conditions are associated. PMR affects
approximately 60% of GCA cases.>¢
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Herein, we describe one case of GCA with positive
clinical and radiological findings but normal inflammatory
markers.

Case Presentation

A 57-year-old woman with diabetes and hypertension
takes oral medications but does not adhere to the treatment
regimen.She presented with a two-month history of gradual
but progressive painless loss of vision in her right eye
associated with pain in the shoulder joints and headache.
She had mild early morning stiffness with an undocumented
fever but no associated weight loss. She was seen by her
ophthalmologist, who noted pallor and swelling of the optic
nerves, and expressed concern for arteritic anterior ischemic
optic neuropathy (AAION) associated with temporal arteritis.

The patient's visual acuity was counting fingers (CF).
She was referred to neurology and rheumatology clinics,
and after careful clinical evaluation, giant cell arteritis was
suspected, and Laboratory tests were sent. Additionally, a
vascular ultrasound was ordered to evaluate the temporal artery.
The possibility of polymyalgia rheumatica (PMR) was also
considered. Meanwhile, oral prednisolone at a dose of 40 mg
was initiated because of high clinical suspicion and the risk to
her vision. Interestingly, laboratory results showed normal ESR
and CRP levels despite the patient not having started any steroid
or immunosuppressive treatment yet. That raised a concern
about the accuracy of the diagnosis, and the patient was sent
back to the ophthalmologist to assess for other diagnoses like
glaucoma and diabetic neuropathy. The right temporal artery
ultrasound performed by an experienced radiologist showed
subtle wall thickening with a mild perivascular halo sign at the
distal aspect of the right temporal artery. The lumen appears
narrowed but patent. Peak systolic velocity was 28 cm/second.
The temporal artery diameter measures 1.9 mm, and the wall
thickness measures 0.7 mm. Features are suggestive of right
temporal arteritis (Figure 1).

RTTEMPORAL ARTERY

Figure 1. Color Doppler (right panel). Color flow is present
within the lumen, confirming the structure is an artery. The
lumen appears narrowed but patent, which is typical in GCA.
Flow may look irregular due to luminal compression by the
inflamed wall. Halo sign is the circumferential, homogeneous
hypoechoic (dark) thickening of the arterial wall. This image
shows a right temporal artery ultrasound with a positive
halo sign, consistent with active giant cell arteritis (temporal
arteritis).

The patient declined to undergo a temporal artery biopsy
(TAB). Diagnosis of GCA was very likely, and the decision was
made to continue oral steroids with careful, slow tapering. The
patient responded to oral steroids, and her vision improved after

a few weeks. Follow-up ophthalmology examination showed
visual acuity 20/200. She was given a follow-up appointment.
Other alternative treatments, like tocilizumab, were considered
to avoid unwanted long-term steroid side effects like high blood
sugar readings. The patient was referred to another hospital,
where she is eligible for biologic treatment, and further follow-
up will be more convenient for her.

Discussion

Giant cell arteritis, also known as temporal arteritis, is
the most common vasculitis in older adults, and its incidence
increases proportionally with age. The 2022 American College
of Rheumatology (ACR)/European Alliance of Associations
for Rheumatology (EULAR) classification criteria for Giant
Cell Arteritis (GCA) require patients to be at least 50 years
old at the time of diagnosis as an absolute requirement. The
criteria is based on scoring system items and weights were as
follows: positive temporal artery biopsy or temporal artery
halo sign on ultrasound (+5); erythrocyte sedimentation rate
>50 mm/hour or C reactive protein >10 mg/L (+3); sudden
visual loss (+3); morning stiffness in shoulders or neck, jaw or
tongue claudication, new temporal headache, scalp tenderness,
temporal artery abnormality on vascular examination, bilateral
axillary involvement on imaging and fluorodeoxyglucose
positron emission tomography (FDG-PET) )activity throughout
the aorta (+2 each).

A patient could be classified as a GCA case if the
cumulative score is >6 points. Complications of this illness
include AAION, ischemic damage to the visual axis, and
stroke. Aortic dissection and aneurysms might require
emergency interventions.!” The exact etiology of the disease
is unknown, but multiple genetic and environmental factors
are associated with the disease. Inflammation of medium- and
large-sized arteries arising from the aortic arch is the primary
pathogenic characteristic of GCA. Both innate and adaptive
immune system cells are important in the pathophysiology of
GCA because they contribute to the formation of granulomas
that may include giant cells, a hallmark of the disease.
Activation of vascular dendritic cells and T lymphocytes plays
an essential role in disease pathogenesis. A positive biopsy
gives the doctor the confidence to carry on with the aggressive
steroid therapy that is necessary in this case. Histopathological
sampling and study must be done diligently. A positive TAB
is the gold standard for diagnosing GCA, but its sensitivity
ranges from ~70% to >90%. A negative biopsy does not rule
out GCA, as false-negative results of TAB may occur due to
Skip lesions. GCA typically responds to steroids at a daily
dose of 40-60 mg, and treatment should begin as soon as the
diagnosis is suspected. There is no justification for delaying
treatment pending biopsy because histopathology shows
no significant change within the first two weeks of steroid
administration. Tocilizumab demonstrated clinical efficacy asa
glucocorticoid-sparing medication and was helpful for patients
prone to developing complications from glucocorticoids.
Other options are methotrexate and abatacept.l2?

Giant cell arteritis with a normal ESR and/or normal
CRP level is rare but has been described in many cases of
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this disease (Table 1). A study by Kermani et al. included
764 patients (65% women) who underwent TAB. Biopsy was
consistent with GCA in 177 patients (23%). Seven patients
(4%) with a positive TAB for GCA had a normal ESR and
CRP at diagnosis. It showed that the sensitivity of CRP is
86.9% and of ESR is 84.1%. Compared with GCA patients
with elevated markers of inflammation, a greater proportion of
these patients had polymyalgia rheumatica symptoms, whereas
constitutional symptoms, anemia, and thrombocytosis, are less
often. Neither the ESR nor the CRP is a specific biomarker for
GCA, and they might be normal in GCA. Normal values do
not exclude the diagnosis in an appropriate clinical setting,
nor do marked elevations certify that a diagnosis of GCA is
correct.!12

Recent work in Egyptian cohorts underscores the
spectrum of GCA and its overlap with polymyalgia rheumatica,
including the utility of imaging in early detection and monitoring
of disease activity in diverse clinical settings. Routine screening
and comprehensive assessment are recommended to reduce the
risk of delayed diagnosis and complications.'34

Table 1 compares three similar cases with low ESR
and CRP values and presents the results of the present case in
comparison with them.!>-Z

Table 1.
Three GCA cases with low ESR and CRP values.

Case |Age/Sex |ESR/CRP |[Key Features Reference

Occult GCA, Poole et al.,

Normal ESR | cal symptoms, Eye (Lond).

Case 1 |75/Female

& CRP biopsy-proven {2003 [15]
Biopsy- and Martins et al.,
Case 2 |72/Female I(;Izo(rirf{ia)l ESR ultrasound-proven|Clin Rheumatol.
GCA, AION 2020 [16]
ESR I5mm/hr/ APl ISingh R et al.
Case 3 [68/Male |near-normal Eio SV-proven BM]J Case
CRP GC&Y p Rep. 2018 [17]

Positive halo sign

Current Normal ESR

60/female on temporal artery|Present case
case &CRP ultrasound
Conclusion

Giant cell arteritis must be diagnosed early to prevent
serious disability and morbidity in the elderly population.
While TAB remains the gold standard for diagnosing GCA,
it is an invasive procedure with associated risks and limited
reliability due to sampling variability. Normal ESR and CRP
values should not delay treatment in patients with compatible
clinical and imaging findings, as prompt intervention is critical
to prevent irreversible complications.
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Abstract

Background: A carotid web is a focal, shelf-like fibroelastic intimal protrusion in the proximal internal carotid artery, regarded as
a variant of intimal fibromuscular dysplasia. It disrupts normal laminar flow, creating areas of stasis that predispose to thrombus
formation and distal embolization, and is increasingly recognised as a cause of cryptogenic ischemic stroke, particularly in young
and middle-aged adults without conventional vascular risk factors.

Case Presentation: A 61-year-old male with multiple vascular risk factors and a history of right-sided ischemic stroke who
presented with recurrent transient left-sided weakness. CT angiography was limited by motion artefact, preventing accurate
assessment. Subsequent duplex ultrasound revealed a characteristic echogenic shelf-like projection at the posterior wall of the
right carotid bulb consistent with a carotid web. In view of recurrent ischemic symptoms, the patient underwent successful carotid
artery stenting with restoration of normal flow dynamics.

Conclusion: This case emphasises the importance of multimodality vascular imaging and heightened clinical suspicion for carotid
web in patients presenting with recurrent embolic events and minimal atherosclerosis. Early recognition and definitive intervention
are essential to prevent recurrent cerebrovascular episodes.(International Journal of Biomedicine. 2026;16(2):270-273.)

Keywords: carotid web  embolic stroke * carotid artery stenting ¢ duplex ultrasound ¢ CT angiography e fibromuscular dysplasia
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Introduction

Carotid web is a rare, focal intimal variant of
fibromuscular dysplasia (FMD) that predominantly involves
the proximal internal carotid artery at the carotid bulb.
Morphologically, it is characterized by a thin, shelf-like
membranous projection that extends into the arterial lumen.
Histopathologically, carotid webs are characterized as a
distinct, non-atherosclerotic vascular pathology consisting of
focal fibroelastic thickening of the arterial intima. Although
uncommon, carotid webs are increasingly recognized as
an etiology of cryptogenic and recurrent embolic ischemic
strokes, particularly in younger adults and in patients lacking
conventional cardiovascular risk factors.2

*Corresponding author: Adel Alzahrani. E-mail: adel.alzahranil4@
alumni.imperial.ac.uk

The pathophysiological mechanism underlying stroke in
carotid webs is primarily artery-to-artery thromboembolism.
The protruding intimal shelf alters normal laminar flow,
generating localized regions of flow separation, low shear stress,
and blood stasis, which predispose to thrombus formation on
the web surface. Embolization of these thrombi can result in
distal cerebral ischemia, often leading to recurrent strokes
in the ipsilateral vascular territory. Unlike atherosclerotic
stenosis, carotid webs frequently cause ischemic events
without significant luminal narrowing, highlighting the
importance of flow dynamics rather than occlusion per se in
their clinical significance.2

Despite growing awareness, carotid web remains
underdiagnosed, partly because of its subtle radiologic
appearance and potential to be misinterpreted as a noncalcified
atherosclerotic plaque, intimal dissection, or intraluminal
thrombus. The development and widespread use of high-
resolutionimaging modalities, including computed tomography
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angiography (CTA), magnetic resonance angiography (MRA),
and duplex ultrasonography, have significantly improved
the detection and characterization of these lesions.? CTA, in
particular, provides excellent spatial resolution and allows
visualization of the thin, membranous shelf that defines the
web, while duplex ultrasonography can detect hemodynamic
disturbances and intimal protrusions.

Management of carotid web remains controversial, with
options ranging from antiplatelet therapy for secondary stroke
prevention to surgical or endovascular interventions. Carotid
endarterectomy (CEA) and carotid artery stenting (CAS) have
been reported as effective strategies, particularly in patients
with recurrent ischemic events despite medical therapy. Long-
term outcomes remain under investigation, and consensus
guidelines for management are lacking due to the rarity of the
condition and the limited number of available studies.>¢

Herein, wereportacase ofa61-year-old man with recurrent
ischemic events attributable to a carotid web, successfully
treated with CAS. We also provide a comprehensive review
of current evidence regarding pathophysiology, diagnostic
evaluation, and therapeutic strategies for this underrecognized
but clinically significant vascular abnormality.

Case Presentation

A 61-year-old male with a medical history of diabetes
mellitus, hypertension, ischemic heart disease, and prior
percutaneous coronary intervention presented for evaluation
of suspected carotid artery stenosis. He had a previous right-
sided ischemic stroke resulting in residual right hemiparesis.
Two months before presentation, he experienced an episode
of left-sided weakness and slurred speech that improved with
medical therapy and physiotherapy. Recurrent symptoms
prompted further vascular assessment.

Vital Signs and Laboratory Investigations

On admission, vital signs were stable (HR - 90 bpm, BP
- 114/54 mmHg, RR - 16). Laboratory values, including liver
enzymes, renal parameters, albumin, and coagulation profile,
were within normal limits (Table 1). ECG demonstrated a
sinus thythm.

Table 1.

Basic laboratory parameters
Parameter | Result Reference Range | Interpretation
ALT 8 U/L 0-55U/L Normal
AST 17 U/L 848 U/L Normal
Albumin 4.3 g/dL 3.2-4.6 g/dL Normal
BUN 16 mg/dL 824 mg/dL Normal
BNP 15.6 pg/mL | 0-380 pg/mL Normal

CT Angiography

CTA of the neck was performed, but the CTA exam was
substantially degraded by motion artefact, limiting diagnostic
clarity (Figure 1). Chronic occlusion of the right MCA
distal M1 segment with collateral formation was observed.
Irregularities in the left MCA and bilateral PCAs were noted,
but suspected luminal narrowing at the distal right common
carotid artery could not be conclusively assessed.

Figure 1. CT angiography of the neck
showing a motion-degraded image with
suspected luminal narrowing at the origin
of the right distal common carotid artery
(arrow).

Carotid Duplex Ultrasound

Duplex ultrasound demonstrated a thin, echogenic,
shelf-like intraluminal projection arising from the posterior
wall of the right carotid bulb and extending into the internal
carotid artery, producing local turbulence on color Doppler
imaging (Figure 2). These findings were characteristic of a
carotid web.

CAROTID WEB CAROTID WEB

Figure 2. Longitudinal (left) and transverse (right) distal
common carotid ultrasound showing a shelf-like intraluminal
projection at the posterior wall of the carotid bulb (arrow),
consistent with carotid web.

Intervention

Given the patient’s recurrent ischemic episodes and
supportive imaging, a multidisciplinary team recommended
carotid artery stenting. The procedure was performed under
local anesthesia, resulting in complete stent expansion and
restoration of laminar flow. He experienced no postoperative
complications and was discharged on dual antiplatelet therapy
with scheduled follow-up imaging.

~
", Vo

A N - [
Figure 3. Digital subtraction angiography (DSA) during carotid

stenting demonstrates complete stent expansion, accompanied
by restoration of laminar flow in the right internal carotid artery.
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Discussion

This case highlights several clinically important points.
First, the carotid web should be actively considered in patients
with recurrent embolic stroke, especially when traditional
risk factors or high-grade stenosis are absent. Secondly, CTA
remains the most powerful non-invasive tool, but its diagnostic
accuracy depends on image quality, whilst Duplex ultrasound
plays a critical complementary role, particularly when CTA
findings are limited. Furthermore, early definitive intervention
is essential, as reliance on medical therapy alone exposes
patients to substantial risk of stroke recurrence. Lastly, CAS
represents safe, durable, and effective treatment, particularly
for older patients or those with complex anatomies.

Carotid web is an intimal variant of fibromuscular
dysplasia increasingly recognized as an important but frequently
underdiagnosed cause of recurrent embolic stroke. 221314
Although historically described in young female patients
without traditional vascular risk factors, emerging data suggest
the condition spans a wider age range and may be encountered
in individuals with vascular comorbidities, as seen in this case.?
This growing awareness underscores the need for heightened
diagnostic vigilance, particularly in patients with recurrent
ischemic events despite minimal atherosclerotic burden.

Histopathologically, the carotid web represents focal
intimal fibroplasia, distinct from the medial fibroplasia
typical of systemic FMD.” The shelf-like protrusion arising
from the posterior wall of the carotid bulb creates a region of
geometric stenosis without the plaque features associated with
atherosclerosis. High-resolution imaging and computational
fluid dynamics analyses reveal that this structural anomaly
produces disturbed laminar flow, with a characteristic vortex
and zone of recirculation distal to the web.? This area of low
shear stress is highly thrombogenic, predisposing to fibrin-rich
mural thrombus formation and subsequent artery-to-artery
embolization. Importantly, this mechanism explains why many
patients with carotid web suffer recurrent strokes despite the
absence of high-grade stenosis or plaque vulnerability factors.

Accurate diagnosis remains challenging because carotid
webs can mimic atherosclerotic plaque, dissection flaps,
intraluminal thrombus, or even imaging artefacts>1%2 CTA is
generally considered the preferred initial modality due to its
high spatial resolution and ability to visualize thin intraluminal
projections.*1 However, motion artefacts, suboptimal arterial
opacification, or inadequate multiplanar reconstruction can
obscure the lesion, as demonstrated in this case.

Duplex ultrasound, although operator-dependent, can
provide valuable supportive evidence by demonstrating the
echogenic intraluminal projection and associated turbulent
flow patterns.it The sensitivity of duplex imaging is enhanced
when combined with color Doppler and angle-adjusted
spectral analysis. Digital subtraction angiography remains
the definitive modality, offering superior spatial and temporal
resolution and enabling dynamic assessment of flow patterns
necessary for procedural planning.®3

Given the complementary strengths of each modality,
a multimodal imaging approach is often required to increase
diagnostic confidence and avoid misclassification.

Although medical therapy with antiplatelet or
anticoagulation agents appears reasonable in theory,
multiple retrospective cohorts show that recurrent ischemic
events remain common when carotid webs are managed
conservatively.2** This supports the concept that the lesion’s
embolic potential is primarily driven by abnormal flow
dynamics rather than platelet activation alone.

Definitive mechanical exclusion of the web via carotid
endarterectomy (CEA) or carotid artery stenting (CAS)
has been associated with excellent clinical outcomes, low
complication rates, and near-elimination of recurrence risk.
21619 CAS, as demonstrated in this case, is minimally invasive,
avoids cranial nerve injury risk associated with CEA, and
reliably restores laminar flow across the affected segment.
Long-term follow-up studies demonstrate durable patency,
low restenosis risk, and sustained absence of recurrent stroke
after stenting for carotid web.!>%

Conclusion

Carotid web is an important but frequently under-
recognized cause of recurrent embolic ischemic stroke. Its
subtle imaging characteristics and tendency to mimic other
vascular pathologies contribute to diagnostic difficulty. This
case illustrates the value of duplex ultrasound when CTA
is inconclusive and supports carotid artery stenting as an
effective and durable treatment option. Early identification
and intervention are essential for preventing recurrent
cerebrovascular events and improving long-term neurologic
outcomes.
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Abstract

We report a pediatric case of genetically confirmed KCNT/-related epilepsy presenting with early-onset nocturnal frontal lobe
seizures, multiple seizure types, and progressive psychomotor regression. Seizures were refractory to multiple anti-seizure
medications. Trio exome sequencing identified a heterozygous KCNT1 ¢.2882G>A (p.Arg961His) variant inherited from an
asymptomatic father, consistent with autosomal dominant epilepsy with incomplete penetrance. This case highlights the phenotypic
variability of KCNT/-related disorders and underscores the diagnostic, therapeutic, and genetic counseling challenges in early-
onset developmental and epileptic encephalopathies.(International Journal of Biomedicine. 2026;16(2):274-277.)
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Introduction

Pathogenic variants in KCNTI, which encodes a
sodium-activated potassium channel (Slack channel), cause a
group of rare developmental and epileptic encephalopathies
(DEE) characterized by neuronal hyperexcitability due to
gain-of-function channel dysfunction.!? KCNT]-related
epilepsies include early infantile epileptic encephalopathy
type 14 (EIEE14; OMIM 614959) and autosomal dominant
nocturnal frontal lobe epilepsy (ADNFLES), representing
a clinical continuum ranging from severe infantile-onset
encephalopathy to later-onset focal epilepsy with preserved
cognition 4

*Corresponding author: Rovena Aliaj, MD. E-mail: raliaj@
hotmail.com

KCNTl-related disorders are rare, accounting for a
small proportion of genetic epileptic encephalopathies, but
are increasingly recognized with the widespread use of next-
generation sequencing.® Most affected individuals present in
infancy, typically within the first year of life, with frequent
nocturnal seizures, autonomic manifestations, multiple seizure
types, and early pharmacoresistance.'* Neurodevelopmental
delay or regression is common, particularly in early-onset
forms, often leading to severe motor impairment, intellectual
disability, and loss of previously acquired milestones.*?

To date, numerous KCNT! variants, predominantly
missense changes, have been identified, most of which result
in channel gain-of-function.*® These variants exhibit marked
phenotypic heterogeneity, even within the same family,
with reported outcomes ranging from asymptomatic carriers
to profound developmental epileptic encephalopathy.32
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Incomplete penetrance and variable expressivity pose
significant diagnostic and genetic counseling challenges,
particularly in autosomal dominant cases inherited from
clinically unaffected parents.*?

Given the overlap of clinical features with other epileptic
encephalopathies and the frequent resistance to conventional
anti-seizure medications, early molecular diagnosis is critical
for accurate classification, prognostic assessment, and
therapeutic decision-making.>1® Here, we report a pediatric
case from Albania with severe early-onset KCNT/-related
epilepsy and psychomotor regression, highlighting the
genotype—phenotype correlation and the clinical implications
of inherited KCNT variants with reduced penetrance.

Case Presentation

A male child was born at 37 weeks’ gestation following
an uneventful pregnancy, with a birth weight of 2550 g and
Apgar scores of 8 and 9 at 1 and 5 minutes, respectively. Early
postnatal development was unremarkable until 7 months of age.

At 7 months, nocturnal episodes characterized
by choking and vomiting shortly after sleep onset were
observed, followed by seizures with chewing automatisms
occurring predominantly during sleep. Seizure frequency
rapidly increased, prompting hospital admission for afebrile
convulsive episodes. Initial treatment with phenobarbital
showed limited efficacy. Subsequently, complex focal seizures
with left-sided hemiconvulsions, secondary generalization,
and autonomic features (choking, chewing automatisms) were
noted, often during sleep.

Laboratory investigations revealed a mild left shift in
leukocyte distribution with normal biochemical parameters.
Cerebrospinal fluid analysis was unremarkable. Cranial
ultrasonography and computed tomography showed no
structural abnormalities. Electroencephalography demonstrated
fast beta activity in the frontotemporal regions with right
temporal delta waves. Cardiac evaluation and abdominal
ultrasonography excluded associated systemic pathology.

Despite sequential trials of multiple anti-seizure
medications, including valproate, carbamazepine,
levetiracetam, topiramate, vigabatrin, clonazepam, clobazam,
lamotrigine, and adrenocorticotropic hormone, seizures
remained refractory. Only clonazepam provided partial
and transient improvement. Seizure frequency eventually
increased to 20-25 episodes per day. Evaluation at a tertiary
epilepsy center, “Bambino Gesu Children’s Hospital” in
Rome, documented infantile spasms, leading to the addition
of vigabatrin.

Neurodevelopmental regression became evident after
12 months of age. At 2 years, the child exhibited profound
psychomotor impairment, including axial hypotonia with
peripheral hypertonia, tetraplegia, absence of speech, poor
visual tracking, feeding difficulties, and global developmental
regression. Ongoing management includes polytherapy with
anti-seizure medications, physiotherapy, and developmental
support.

Family history revealed no reported epilepsy. However,
both the father and the paternal grandmother suffered

from migraine, suggesting a possible underlying familial
channelopathy-related neurological vulnerability.  Given
the early onset, pharmacoresistance, nocturnal seizure
predominance, and developmental regression, a genetic etiology
was strongly suspected.

Trio exome sequencing (CentoXome® Trio, Centogene,
2021) identified a heterozygous missense variant in KCNT/
(NM_020822.2 (KCNTI):c.2882G>A; p.Arg961His), classified
as likely pathogenic. The variant was inherited from the father,
who remains clinically unaffected, while the mother tested
negative. This finding established the diagnosis of autosomal
dominant KCNT/-related epilepsy with incomplete penetrance,
accounting for the severe infantile epileptic encephalopathy
observed in the proband and the absence of epilepsy in the
carrier parent.

Discussion

This case illustrates a severe phenotype within the
spectrum of KCNTI-related epilepsies, characterized by early-
onset, predominantly nocturnal seizures, multiple seizure types,
profound pharmacoresistance, and rapid neurodevelopmental
regression. Such a clinical course is consistent with previously
described KCNTI-associated developmental and epileptic
encephalopathies (DEE), in which seizure onset typically
occurs within the first year of life and is frequently resistant to
conventional anti-seizure medications.! 2

The proband demonstrated several hallmark features
of KCNTI-related disease, including autonomic nocturnal
seizures with hypermotor manifestations, evolution to infantile
spasms, and progressive loss of acquired developmental
milestones. These clinical characteristics support the growing
view that early infantile epileptic encephalopathy type 14
(EIEE14) and autosomal dominant nocturnal frontal lobe
epilepsy (ADNFLES) represent a phenotypic continuum
rather than distinct nosological entities.?* The coexistence of
focal seizures, spasms, and generalized seizure types in this
patient further reflects the broad epileptic spectrum associated
with KCNT1 dysfunction.

Trio exome sequencing identified a heterozygous
KCNTI ¢.2882G>A (p.Arg961His) variant inherited from
an asymptomatic father, highlighting reduced penetrance
and marked intrafamilial phenotypic variability. Incomplete
penetrance has been repeatedly reported in autosomal
dominant KCNTI-related epilepsies and poses significant
challenges for clinical interpretation and genetic counselling.®2
The absence of epilepsy in the carrier parent underscores that
severe epileptic encephalopathy can arise in offspring despite
minimal or absent manifestations in transmitting relatives,
emphasizing the limited predictive value of family history
alone.

Functionally, most pathogenic KCNT! variants are gain-
of-function missense mutations that increase potassium channel
activity, leading to neuronal hyperexcitability and network
instability.!¥ Experimental studies have demonstrated that such
mutations alter channel gating properties, resulting in excessive
potassium currents and paradoxical enhancement of epileptogenic
activity® This molecular mechanism provides a plausible
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explanation for the early onset, nocturnal predominance, and
marked drug resistance observed in affected individuals.

Therapeutically, KCNTI-related epilepsies remain
a major clinical challenge. Conventional anti-seizure
medications are frequently ineffective, as observed in the
present case, where extensive polytherapy yielded only
transient or partial benefit. In recent years, quinidine, a partial
blocker of KCNT1 channels, has been investigated as a targeted
treatment based on its ability to counteract gain-of-function
channel activity.!'2 However, reported clinical responses
have been highly variable, with some patients showing seizure
reduction and others deriving minimal benefit or experiencing
dose-limiting adverse effects, particularly cardiac toxicity. 1213
These findings highlight the need for careful patient selection,
close monitoring, and further studies to define the role of
precision therapies in KCNT-associated epilepsy.

Beyond seizure control, neurodevelopmental outcome
remains poor in severe early-onset forms, even when partial
seizure reduction is achieved. Early and sustained epileptic
activity, combined with intrinsic channel dysfunction, likely
contributes to irreversible neurodevelopmental impairment. 37
This underscores the importance of early genetic diagnosis, not
only to guide treatment decisions but also to provide realistic
prognostic counseling and to initiate timely supportive and
rehabilitative interventions.

Overall, this case expands the clinical spectrum of
KCNTI-related epilepsy by documenting a severe early-onset
phenotype with paternal inheritance and incomplete penetrance
in an Albanian child. It reinforces the critical role of molecular
diagnostics in refractory infantile epilepsies and highlights the
complex interplay between genotype, penetrance, and clinical
severity in KCNT-associated disorders.

Conclusions

This report presents the first documented case from
Albania of KCNTI-related early-onset developmental and
epileptic encephalopathy with autosomal dominant inheritance
and incomplete penetrance. The patient’s severe and rapidly
progressive clinical course highlights the broad phenotypic
spectrum associated with KCNT/ variants, ranging from
asymptomatic carriers to profound epileptic encephalopathy
within the same family.

This case underscores the critical role of early and
comprehensive genetic testing in infants with refractory
epilepsy, particularly when clinical features include
nocturnal seizures, autonomic manifestations, and early
neurodevelopmental regression. Establishing a molecular
diagnosis is essential not only for accurate disease
classification but also for prognostic assessment, informed
genetic counseling, and appropriate family risk evaluation.

Furthermore, early identification of KCNTI-related
epilepsy may facilitate timely consideration of precision-based
therapeutic strategies and the initiation of multidisciplinary
supportive care aimed at optimizing neurodevelopmental
outcomes. Collectively, these findings emphasize the
importance of integrating genetic diagnostics into routine
clinical practice for severe early-onset epilepsies.
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Abstract

Background: Central giant cell granuloma (CGCG) is a rare benign osteolytic lesion of the jaws, predominantly affecting young
females. Occurrence in elderly patients is uncommon and may pose diagnostic challenges due to overlap with other giant cell
lesions, particularly brown tumor of hyperparathyroidism.

Case Presentation: We report a case of a 63-year-old woman with type 1 diabetes mellitus who presented with a well-circumscribed
radiolucent lesion in the left anterior mandible associated with tooth mobility. Surgical excision and curettage were performed.
Histopathological examination revealed features consistent with a giant cell lesion. Comprehensive biochemical evaluation
excluded hyperparathyroidism, confirming the diagnosis of non-aggressive CGCG. The postoperative course was uneventful, and
follow-up imaging demonstrated satisfactory bone regeneration.

Conclusion: This case highlights the rare occurrence of CGCG in an elderly patient and emphasizes the importance of correlating
clinical, radiologic, histopathologic, and biochemical findings to establish an accurate diagnosis. Conservative surgical management

can achieve favorable outcomes in non-aggressive lesions. (International Journal of Biomedicine. 2026;16(2):278-280.)
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Introduction

Central giant cell granuloma (CGCGQG) is a benign jaw
lytic lesion that is classified into two subtypes: non-aggressive
and aggressive. ! It tends to occur in females below 30 years?
and has a prevalence of approximately 0.0001%. The exact
etiopathogenesis of this condition is not well understood;
nevertheless, certain elements like intraosseous hemorrhage,
inflammation, local trauma, and genetic abnormalities are
thought to play roles. CGCG of the jaw is characterized by
somatic mutations in KRAS, FGFRI, and TRPV4.2 These
mutations occur in stromal mononuclear cells, not the giant
cells. Unlike giant cell tumors of bone, CGCG lacks H3F34
mutations.

The term “giant cell reparative granuloma” was
introduced by Henry L. Jaffe in 1953 to describe a non-
neoplastic, reactive lesion of the jaw resulting from intraosseous
hemorrhage and trauma.? The condition affects the upper and

lower jaws with a predilection to the region anterior to the
first premolar. Clinically, it starts as an asymptomatic lesion
that may later manifest symptoms.*> Symptomatic cases show
pain and paresthesia.! This case is reported because central
giant cell granuloma rarely presents in elderly patients and
closely mimics brown tumor of hyperparathyroidism, posing
a significant diagnostic challenge. The case underscores the
necessity of biochemical exclusion of hyperparathyroidism
and demonstrates that conservative surgical management can
achieve satisfactory outcomes in non-aggressive lesions in
this age group. The case is reported in accordance with CARE
guidelines.

Case Presentation

A 63-year-old woman with a known history of type
1 diabetes mellitus presented with a swelling in the left
mandibular region, localized to the area of the lower left

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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canine. Clinical examination revealed a well-defined, dome-
shaped 2 cm swelling associated with a mobile tooth (tooth
number 33) along the superior border of the mandibular
alveolar ridge. Laboratory investigations showed a glycated
hemoglobin (HbAlc) level of 7.56%, with no other abnormal
findings.

Panoramic dental radiography demonstrated a well-
circumscribed radiolucent 0.7 x 1.5 x 2 cm lesion with expansion
of the superior mandibular cortex, along with generalized
alveolar bone loss consistent with chronic periodontitis.
Periapical radiography of the involved tooth revealed a
corresponding radiolucent lesion (Figure 1). Aspiration of the
swelling was performed and was negative for malignant cells.

Figure 1. A: Panoramic X-ray; B: Periapical X-ray

The procedure was carried out under local anesthesia
using an inferior alveolar nerve block on the left side,
supplemented by local infiltration of 2% lidocaine with
1:100,000 epinephrine. A mucoperiosteal flap was elevated,
followed by the extraction of tooth number 33, the excision
of the lesion, and the curettage of the affected area. The
left mental nerve was carefully preserved. Hemostasis was
achieved, and the surgical site was closed with interrupted
sutures. The postoperative course was uneventful, with no
reported complications.

The excised specimen was submitted for
histopathological examination. Microscopic evaluation
revealed an unencapsulated lesion composed of abundant
fibroblasts and unevenly distributed multinucleated giant
cells, with focal clustering. Areas of hemorrhage and
hemosiderin deposition were also identified (Figure 2). Based
on these findings, the differential diagnosis included a brown
tumor related to hyperparathyroidism and central giant cell
granuloma of the mandible.

Subsequent laboratory investigations were performed to
exclude hyperparathyroidism, the principal mimicker. Serum
calcium, phosphorus, alkaline phosphatase, and parathyroid
hormone levels were all within normal limits, thereby ruling
out a brown tumor.

Clinical follow-up in the outpatient setting showed
satisfactory and uncomplicated healing. A periapical radiograph
obtained three months postoperatively demonstrated new
bone formation and a reduction in radiolucency at the surgical
site (Figure 3). The patient was subsequently referred to the
prosthodontics department for rehabilitation of the missing
teeth.

< e
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Figure 3. Follow-up periapical X-ray.

Discussion

Central giant cell granuloma is a rare condition of the
maxillofacial bones, with four-fifths of cases occurring in
females under 20 years of age.® It is rarely reported after age
50.2 The occurrence of this lesion in an older patient, as in the
present case, is therefore unusual and expands the reported
age spectrum of CGCG.

Central giant cell granuloma can be classified into
aggressive and non-aggressive types based on lesion
nature and clinical presentation. The non-aggressive type is
symptomless, slowly growing, and small, causing neither root
resorption nor cortical perforation. This is in contradistinction
to the aggressive type, the size of which can reach more than 5
cm with possible postoperative recurrence.! The lesion in the
current case was non-aggressive, asymptomatic, and small.

Micromorphologically, as per WHO, CGCG is
composed of cellular fibrous tissue that contains multiple foci
of hemorrhage, aggregations of multinucleated giant cells,
and occasionally trabeculae of woven bone.? The present case
was consistent histologically with both CGCG and brown
tumor. This case underscores the importance of a systematic
diagnostic approach, as a brown tumor was a strong differential
diagnosis and required exclusion through comprehensive
metabolic and hormonal evaluation.

Radiologically, CGCG appears as a sharply delineated
radiolucent lesion extending often between the displaced
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tooth roots.? In the current case, the lesion presented as a well-
circumscribed radiolucency with cortical expansion, findings
that can also mimic odontogenic cysts, benign tumors, or even
malignant processes.? The association with tooth mobility
and generalized periodontal bone loss further complicates
the clinical picture and highlights the potential for CGCG to
be overlooked or misdiagnosed in patients with coexisting
periodontal disease.

Another noteworthy aspect of this case is the patient’s
history of type 1 diabetes mellitus. Although no direct causal
relationship has been established between diabetes and CGCG,
metabolic disorders can influence bone turnover, healing
capacity, and surgical outcomes.’? Reporting such cases
contributes to the growing body of literature examining potential
associations between systemic diseases and maxillofacial bone
lesions, even when a definitive link cannot yet be established.

Management of CGCG depends on the lesion behavior.
Treatment modalities include surgical excision or resection
with continuity defects, cryotherapy, enucleation, and
aggressive local curettage, either alone or combined with
chemical cauterization.® From a therapeutic standpoint, the
lesion was successfully treated by conservative surgical
excision and curettage with preservation of the mental nerve
and an uneventful postoperative course. This approach
was favored due to the lesion’s non-aggressive features,
including small size, well-defined margins, and absence of
cortical perforation or neurologic symptoms, as well as its
anterior mandibular location. The patient’s advanced age
and comorbid diabetes further supported a tissue-preserving
strategy. Follow-up imaging demonstrated satisfactory bone
regeneration with decreasing radiolucency, confirming
conservative surgery as an effective management option for
non-aggressive CGCG, particularly in older patients, where
more aggressive interventions may increase morbidity.

Conclusion

Central giant cell granuloma may rarely present in elderly
patients and can mimic other giant cell lesions of the jaw,
particularly brown tumor of hyperparathyroidism. Accurate
diagnosis requires careful integration of clinical, radiologic,
histopathologic, and biochemical findings. Conservative
surgical management remains an effective treatment option
for non-aggressive lesions, with satisfactory healing and bone
regeneration.
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Abstract

Creatine is central to human bioenergetics, yet circulating creatine remains largely uncharacterized in population settings. Using
data from the All of Us Research Program, we examined serum/plasma and urinary creatine in a demographically diverse U.S.
cohort. We identified 246 adults with 1,576 serum or plasma creatine measurements and harmonized values across assay formats.
Participant-level mean serum creatine was right-skewed in the full cohort but clustered tightly after exclusion of individuals with
kidney disease. In adults without renal pathology (n=139), circulating creatine occupied a narrow physiological range (mean 0.94
mg/dL; median 0.90 mg/dL; interquartile range 0.76-1.10 mg/dL), indicating strong homeostatic regulation. In contrast, urinary
creatine, assessed in 2,044 participants, displayed wide interindividual variability with a long upper tail. These findings establish
the first population-scale reference framework for creatine in blood and urine and define ~ Img/dL as a pragmatic physiological
anchor for circulating creatine in adults without kidney disease.(International Journal of Biomedicine. 2026;16(2):281-283.)
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Introduction

Creatine is a central component of human bioenergetics,
functioning as a rapidly mobilizable phosphate buffer that
stabilizes ATP availability in tissues with high, fluctuating
energy demands,! including skeletal muscle, brain,
myocardium, and immune cells. Through the phosphocreatine-
creatine kinase system, creatine supports energy transfer,
contributes to redox balance, and participates in osmotic and
signaling processes.? In humans, creatine homeostasis reflects
the interplay between endogenous synthesis and dietary
intake from animal-source foods, positioning creatine at the
intersection of metabolism and nutrition.

Despite this central role, circulating creatine remains
remarkablyunderstudied. Inroutine clinical practice, creatinine
is ubiquitously measured as a marker of renal function, yet
serum or plasma creatine itself is rarely assessed and is not
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pte.hu

part of standard chemistry panels. Measurement is typically
confined to specialized contexts,® such as the evaluation
of rare inborn errors of creatine metabolism or selected
neuromuscular disorders. Consequently, population-based
reference data for circulating creatine are lacking. Existing
knowledge derives largely from small experimental cohorts
or athletic populations. One of the few population-oriented
reports from a French adult cohort suggested relatively low,
tightly distributed circulating creatine concentrations* but was
limited in size and demographic scope. Whether such narrow
distributions generalize to diverse real-world populations
remains unknown. As a result, even basic descriptors, such
as typical concentration, interindividual variability, and
physiological range of serum creatine in community-dwelling
adults, remain undefined.

This gap has important implications. Circulating
creatine integrates endogenous synthesis, dietary exposure,
tissue uptake, and renal handling, and may therefore reflect
systemic bioenergetic status. Without normative data, it is
difficult to contextualize individual values or relate circulating
creatine to diet, age, sex, metabolic health, or disease risk. The

© 2026 The Author(s). International Journal of Biomedicine is published by IMRDC.
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absence of reference distributions also constrains translational
work on supplementation and fortification strategies, as well
as on the emerging concept of creatine as a conditionally
essential nutrient across the life course. Large-scale population
resources now make it feasible to address this deficiency. The
All of Us Research Program provides harmonized electronic
health record data and laboratory measurements from a large,
demographically diverse cohort of U.S. adults (https://allofus.
nih.gov/), enabling empirical characterization of circulating
metabolites under real-world clinical conditions. Importantly,
this setting allows separation of physiological variability from
pathological influences,® particularly renal disease, which
profoundly affects creatine handling and may dominate the
upper tail of observed distributions.

Methods

Using All of Us data, we identified 246 adults with serum
or plasma creatine measurements, contributing 1,576 tests.
Creatine was captured using LOINC-derived OMOP concepts
for mass- and molar-based serum/plasma assays. Units were
overwhelmingly recorded as milligrams per deciliter, with a
small number labeled as micromoles per liter; a subset lacked
standardized unit metadata. Given the dominance of a single
assay stream and the consistency of observed value ranges,
unmapped numeric values were conservatively harmonized
to mg/dL, yielding standardized creatine concentrations for
1,574 of 1,576 records and retaining all participants. To avoid
over-weighting individuals with frequent clinical testing and
to approximate each participant’s typical creatine exposure,
creatine was summarized at the participant level as the mean
of all available values.

Results

In the full cohort, participant-level mean creatine was
right-skewed (mean 2.28 mg/dL; median 1.09 mg/dL; range
0.19-22.2 mg/dL). Trimming extreme values using a +3SD
criterion identified four outliers (1.6%). The outlier-trimmed
distribution remained right-skewed but more compact (mean
2.08 mg/dL; median 1.05 mg/dL). A more restrictive +2SD
sensitivity filter further reduced the mean (1.46 mg/dL) while
leaving the median (~1.0 mg/dL) and interquartile range
essentially unchanged, demonstrating that the central tendency
is stable and that the mean is highly sensitive to a small right
tail. Renal pathology emerged as the dominant determinant of
this tail. After exclusion of all participants with any recorded
diagnosis of chronic kidney disease, renal failure, end-stage
renal disease, or dialysis, 139 individuals remained (52%
female). The mean age was 50.5+14.8 years, with a median
of 49.1 years (interquartile range 41.0-62.0; range 21.2-95.8
years). In this kidney disease-free subcohort, circulating
creatine clustered tightly around ~1mg/dL (mean 0.94 mg/
dL; median 0.90 mg/dL; interquartile range 0.76-1.10 mg/dL;
range 0.19-2.80 mg/dL). Both the mean and dispersion were
markedly attenuated relative to the unfiltered cohort, indicating
that impaired renal handling is a major contributor to elevated
values in the population. In adults without diagnosed kidney

disease, circulating creatine occupies a narrow and apparently
conserved physiological window.

Urinary creatine exhibited a contrasting profile. We
identified 3,939 urinary creatine tests from 2,100 individuals.
Thevastmajority represented spoturinecreatine concentrations,
predominantly in mg/dL; a minority corresponded to 24-hour
excretion formats and were excluded from concentration-
based analyses. After harmonization, 3,850 tests from 2,044
participants were retained. Across all tests, urinary creatine
showed a broad, right-skewed distribution (mean 92 mg/dL;
median 71 mg/dL; range 2-595 mg/dL). Participants contributed
a median of one test, indicating that the population profile is
not driven by frequent testers. Aggregation at the participant
level yielded a similar distribution. Application of a £3SD
criterion identified 32 extreme values (1.6% of individuals).
Exclusion of these outliers yielded a physiologically coherent
reference distribution in 2,012 participants, with a mean
urinary creatine concentration of 86.2+58.0 mg/dL (median
72.9 mg/dL, interquartile range 41.8-115.7 mg/dL; range 2.2-
295.1 mg/dL), revealing substantial biological dispersion and
a long upper tail even after removal of extremes, consistent
with wide interindividual variability in creatine handling
under everyday conditions.

Figure 1 illustrates the population distributions of
creatine concentrations, showing serum/plasma creatine in
adults without kidney disease and spot urinary creatine after
outlier trimming.
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Figure 1. Population distributions of circulating
and urinary creatine. Panel A shows the
distribution of participant-level mean serum/
plasma creatine in adults without diagnosed kidney
disease, demonstrating tight clustering around ~
1 mg/dL and a narrow interquartile range. Panel
B depicts spot urinary creatine concentration
after exclusion of 24-h formats and +3SD outliers,
revealing a broad, right-skewed distribution. These
distributions contrast the narrow physiological
range of circulating creatine with the wide
biological dispersion of urinary creatine under
real-world conditions.


https://allofus.nih.gov/
https://allofus.nih.gov/

D. Nedeljkovic & S. M. Ostojic /International Journal of Biomedicine 16(2) (2026) 281-283 283

Discussion

Together, these findings provide the first population-
scale reference framework for creatine in human circulation
and urine. The tight clustering of serum/plasma creatine
around ~1mg/dL in adults without kidney disease suggests a
narrow physiological range, consistent with tight homeostatic
regulation across synthesis, intake, tissue uptake, and renal
clearance? In contrast, urinary creatine displays wide
interindividual variability, likely reflecting differences in
muscle mass, dietary exposure, endogenous synthesis,
and renal handling under real-world conditions. Several
limitations warrant consideration. All of Us laboratory data
originate from routine clinical care and are not standardized
for research purposes; assay platforms and calibration vary
across sites. Unit metadata were incomplete for a subset of
records, requiring conservative harmonization assumptions.
Kidney disease was identified through diagnostic coding and
may not capture subclinical impairment. Finally, the cohort
reflects individuals engaged with the healthcare system and
may not represent the healthiest segment of the population.

Despite these constraints, this analysis establishes the
first empirical population anchors for creatine in adults. The
observation that circulating creatine in individuals without
kidney disease clusters tightly around ~1mg/dL defines a
pragmatic physiological reference point. These data allow
individual values to be interpreted in a biologically meaningful
context and provide a foundation for translational studies
linking creatine biology to diet, aging, metabolic health, and
functional outcomes. In this light, circulating creatine may be
viewed not merely as a biochemical curiosity, but as a systemic
indicator of human bioenergetic status.
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