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Address for correspondence Abstract
Anthony Dissen
E-mail: anthony.dissen@stockton.edu Transgender and gender non-conforming (TGNC) individuals face significant health disparities despite grow-

ing visibility and awareness. Nutrition-related disparities are particularly concerning, with TGNC individuals

;::e%'e'lgrsez"“es experiencing higherrates of food insecurity, eating disorders, body dissatisfaction, and overweight or obesity.
Gender-affirming hormone therapy (GAHT) and other medical interventions lead to significant physiological
Conflict of interest changes that can influence nutritional needs, as well as body composition and bone mineral density, yet
None dedlared existing daily energy estimation equations do not account for TGNC individuals or those undergoing GAHT.
Perioperative nutrition s also vital, as gender-affirming surgeries increase metabolic demands and risk
of muscle loss due to immobility and catabolism. Moreover, TGNC individuals report higher rates of food
2:5?2‘\:::(10:"":"{'”1%22%2255 insecurity, with transgender men being particularly affected, largely due to economic disparities and systemic
Accepted on A;" 18,2025 discrimination. Eating disorders are likely under reported in this population due to limited access to competent,

inclusive care. Most research combines transgender and gender non-conforming individuals, limiting insight
into subgroup differences. To improve health outcomes among TGNC individuals, there is a critical need for
more inclusive, longitudinal research, particularly in the areas of nutrition, metabolism, and post-surgical
care. Such research could inform the development of tailored interventions, enhance healthcare provider
competence, and support the creation of clinical guidelines that address the specific health and nutrition
needs of TGNC individuals. Ultimately, this would help reduce disparities and promote long-term well-being
for TGNC individuals.
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Highlights

« Transgender and/or gender non-conforming (TGNC) individuals are underrepresented in research, and experience
several significant health disparities due to lack of clinician knowledge and bias

+ One such key gap in knowledge are nutrition-related needs and considerations for the TGNC population, such
as changes in body composition, changes to basal metabolism and daily energy needs, changes to bone density,
and increased risks for eating disorders and food insecurity

+ Greater research and clinical exploration into these areas will allow for these gaps in knowledge and practice to be
addressed, and to establish best practices when working with TGNC patients and populations

Introduction

Transgender and/or gender non-conforming (TGNC) in-
dividuals are those people whose gender identity does not
conform from the sex that was assigned to them at birth.
Within the USA, it is estimated that there are over 1 mil-
lion adults identify as TGNC, with some estimates sug-
gesting that the number could be closer to 1.4 million.}-
Although awareness and visibility of TGNC individuals
continue to improve, significant health disparities and
inequities persist, placing an ongoing burden on members
of the TGNC community. These disparities exist across
a wide spectrum of health outcomes and risk factors, in-
cluding refusal or denial of care, gaps in provider knowl-
edge and competence related to TGNC health needs and
culture, and higher rates of bias and stigma when interact-
ing with healthcare providers.* Despite having relatively
similar levels of health insurance coverage compared
to cisgender individuals (those whose gender identity
aligns with their sex assigned at birth), TGNC individu-
als are still more likely to delay or avoid interactions with
the healthcare system due to fears of stigma and bias.®
An area in which there is often a lack of awareness and
competence is the unique food and nutrition needs and
considerations for TGNC people. The literature shows that
TGNC experience disproportionate levels of eating disor-
ders, body dissatisfaction, food insecurity, overweight and
obese weight status, and limited overall access to nutrition-
related services.*” Additionally, significant gaps remain
in understanding how gender-affirming hormone therapy
(GAHT) impacts nutritional and metabolic needs, bone
health, overall body composition, and perioperative nutri-
tion support for individuals undergoing gender-affirming
surgical interventions.

Objectives

The goal of this editorial is to synthesize and share find-
ings and insights regarding what is shown in the current
literature regarding these specific nutrition-related needs
for supporting TGNC health and wellness, as well as iden-
tifying causes of nutrition and health-related disparities.

Furthermore, it is our goal to identify gaps in knowledge
that can be used to inform and guide future research to re-
duce these disparities.

Impacts on body composition,
bone density and daily energy
requirements

Research and practice related to the healthcare needs
and considerations of TGNC patients represent an ever-
expanding and evolving field. One emerging area of study
is the impact of hormone replacement therapy (HRT)
on body composition, metabolism and daily nutritional
needs.

Changes to skeletal muscle mass
and adipose tissue

Research shows that patients undergoing testosterone
therapy experience an increase in lean body mass and
skeletal muscle mass, along with a decrease in adipose
(fat) tissue. Conversely, those undergoing estrogen therapy
(with or without antiandrogen agents) tend to experience
a decrease in lean body and skeletal muscle mass, accom-
panied by an increase in adipose tissue.® When beginning
GAHT, efforts have been made to understand the extent
to which skeletal muscle mass is altered. For those us-
ing masculinizing GAHT, lean skeletal muscle mass has
been shown to increase by approx. 10% over the first year,
as well as a decrease in fat mass by about 10%,°* and
an increase in skeletal muscle mass of 19% over the course
of 3 years of using GAHT." For those using feminizing
GAHT, longitudinal cohort studies have shown that lean
skeletal muscle mass has a moderate decrease in the first
year of therapy of approx. 3—5%,”111315-18 with an accom-
panying increase in body fat mass of approx. 28%.11 With
these alterations in skeletal muscle mass and adipose tis-
sue mass, there is also the potential for an increased risk
for overweight and obese status. Based on national survey
data of 2,700 LGBTQIA+ people, 65.9% of transgender men
were overweight or obese, with transgender men being
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the group most likely to be obese within the lesbian, gay,
bisexual, transgender, and queer (LGBTQ) community.'
The increased rates of overweight and obesity among
TGNC individuals may result not only from the physi-
ological changes associated with GAHT, but also from
the interaction of GAHT with minority stressors and bar-
riers to healthcare access, both of which can further elevate
the risk of developing overweight or obese weight status.?’

Changes to bone density

Sex hormones play several important roles within
the body, including bone modeling and bone remodel-
ing. In adults utilizing GAHT, the impact of this form
of gender-affirming therapy on bone health and mineral-
ization is more mixed and uncertain. Some studies have
associated GAHT in transgender women with an increase
in bone mineral density (BMD).2! However, several system-
atic reviews and meta-analyses have reported inconsistent
findings, particularly regarding changes in bone mineral
density in transgender women.?>?* Additionally, potential
changes to BMD cannot be solely attributed to the physi-
ologic impact of GAHT, as changes in lean muscle mass
and adipose tissue levels (and associated total body weight),
as well as any potential changes in physical activity levels
that an individual may undergo, will also impact BMD
levels. An additional important area to note is that there re-
mains a gap in long-term research on fracture risk in older
transgender adults, so the exact potential impact of GAHT
on BMD, osteoporosis and fracture risk remains unknown.

Estimating energy requirements

When it comes to estimating energy requirements for in-
dividuals, healthcare professionals will often rely on stan-
dard equations such as Harris—Benedict, Mifflin—St Jeor,
FAO/WHO/UNU, and Owen. These equations have re-
cently been updated and have demonstrated greater accu-
racy compared to earlier versions.?* A significant limitation
of these equations, however, is that they are based on sex
assigned at birth (i.e., Male Equation and Female Equation),
making them potentially inadequate and less applicable for
TGNC or intersex individuals, particularly those undergo-
ing gender-affirming hormone therapy (GAHT) as part
of their care. To date, there are no standard equations,
or adjustments to current basal metabolic rate formulas,
that are recommended for use in the TGNC or intersex
communities. Therefore, until equations or formulas spe-
cifically recommended for TGNC individuals are devel-
oped, it is advisable to use calorie (kcal) estimations based
on body weight (kg). Some research has suggested that daily
energy needs can also be influenced by the length of time
receiving GAHT. In a study by Frenser and Fischer,?” it was
noted that the body composition of transgender women
and men after 1 year of GAHT was within the middle/mean
equivalent ranges for cisgender women and men.
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As a result, individuals undergoing GAHT could, after
1 year of therapy, be advised to follow energy intake rec-
ommendations that align more closely with the midpoint
of the existing reference values for caloric needs estab-
lished for cisgender women and men during this initial
period.

Perioperative nutrition support

For those who seek out gender-affirming surgeries, there
are significant considerations related to diet and nutrition
to support and aid in the body’s healing process, potential
changes to digestion and absorption, and to prevent poten-
tial complications. Nutritional status is a powerful predic-
tor of postoperative outcomes and receiving proper dietary
support and education pre- and postoperatively is critical.
It has been estimated that anywhere between 24% and 65%
of surgical patients are malnourished or at risk for mal-
nourishment.?® During surgery, there is an upregulation
of cortisol, glucagon and proinflammatory cytokines that
stimulate catabolism (breakdown) of liver and muscle gly-
cogen stores to meet the energy demands of wound heal-
ing.?” This process interferes with insulin secretion, which
can lead to an increase in blood glucose levels, which can
last for several hours, days or even several weeks.?® Addi-
tionally, there is an elevation in protein catabolism post-
operatively. Protein synthesis is reduced due to increased
levels of cortisol, which leads to an impairment in the avail-
ability of amino acids to be used for gluconeogenesis,
wound healing, and immune functioning.?® Coupled with
immobility that may be experienced postoperatively (de-
pending on the kind of surgical procedure(s) used), this can
lead to a significant loss of muscle mass, which can begin
in as little as 48-h of post-surgical inactivity.?%2°

Eating disorders and body dissatisfaction

Body dissatisfaction in TGNC individuals is complicated
because body dissatisfaction can often be related to the dif-
ference between gender identity and sex assigned at birth.
With gender-affirming care, however, body dissatisfac-
tion and disordered eating behaviors appear to decrease.
The actual rates of disordered eating and clinical diagnoses
of eating disorders in this population are likely under-
reported, due to barriers such as limited access to care,
avoidance of healthcare settings, discrimination, and a lack
of competent providers. It is estimated that approx. 10%
of transgender men and 8% of transgender women have
been diagnosed with either anorexia nervosa or bulimia
nervosa.3® These figures reflect only confirmed and di-
agnosed cases; therefore, the actual prevalence of eating
disorders and body dissatisfaction within the TGNC popu-
lation is likely higher. Published research indicates that
trans men report rates of binge eating and fasting as high
as 35%.%! In a small sample of transgender women, di-
etary restraint was found to be common, reported by just
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over 25% of participants, while binge eating and excessive
exercise were reported at lower rates of 13% and 8%, re-
spectively.®® It is important to note that most of the cur-
rently available research focuses on youth and young
adults, while significantly less data are available on older
TGNC individuals. It is also important to note that much
of the available research groups transgender and gender
non-conforming individuals together, making it difficult
to distinguish differences in disordered eating behaviors
between these 2 populations.

Food insecurity

Within the larger LGBTQ population, individuals are
more likely to experience food insecurity than heterosex-
ual and cisgender individuals. Utilization of the Supple-
mental Nutrition Assistance Program (SNAP) is higher
among LGBTQ individuals than non-LGBTQ individuals,
further highlighting the reality of food insecurity among
this population. However, TGNC individuals experience
food insecurity at especially higher levels. Almost 28%
of transgender adults report food insecurity,®* with approx.
65% of transgender men in particular experiencing food
insecurity.?® One potential contributing factor to the dis-
proportionate rates of food insecurity among LGBTQ in-
dividuals is economic disadvantage, as this population
experiences higher rates of poverty compared to the gen-
eral population. A study using data from the Behavioral
Risk Factor Surveillance System in the United States found
that LGBTQ people experience poverty rates reaching over
21%, while heterosexual and cisgender people experience
poverty at rates closer to 15%.3* These poverty rates are
especially high among transgender people and bisexual
women, who have poverty rates over 29%.34

Conclusion

Transgender and gender non-conforming individuals ex-
perience several health disparities rooted in social stigma,
bias, lack of provider training and competence, and sig-
nificant gaps within the published research. While gender
affirming care utilizing hormone replacement therapy and
surgical interventions have been shown to be safe, there
is limited long-term data on how these procedures impact
basal metabolic rate, overall daily energy needs, and mac-
ronutrient and micronutrient needs due to changes in body
composition. Additionally, there remains inconsistencies
in how gender-affirming care can impact bone mineral
density and skeletal health over time, as well as how nutri-
tional considerations such as calcium, vitamin D, protein,
daily energy needs, as well as potential impacts on nutrient
absorption, may play a potential role. Researchers working
both with TGNC populations, as well as those in meta-
bolic research, can play a significant role in addressing
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these gaps in knowledge by developing prospective studies
in TGNC who are beginning to utilize gender-affirming
medical therapies and monitor changes in metabolism,
nutrition status and nutrient needs over time. This kind
of research could aid in the development of periopera-
tive nutrition education, guidelines and support systems
to reduce the risk for surgical complications and promote
overall health and wellbeing. Additionally, most research
on eating disorders and food security does not adequately
include TGNC individuals. More purposeful research and
sampling of this population may not only yield greater
insight into the true burden of eating disorders and food
insecurity within the TGNC population but also help
to generate best practices in identifying and remedying
these nutritional risk factors over time.
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Abstract

(ancer progression and therapeutic resistance are propelled by the remarkable plasticity of signaling networks,
which dynamically rewire under selective pressures to maintain proliferation, enable immune evasion and
promote metastasis. Despite advances in precision oncology, the dynamic crosstalk between tumor cells,
non-coding genomes and the microenvironment continues to undermine treatment efficacy. This call for
submissions, Revolutionizing Cancer Treatment: Navigating the Intricate Landscape of Cellular Signaling Netwaorks,
seeks cutting-edge research that dissects these adaptive mechanisms through innovative technologies
—from single-cell multi-omics and spatial transcriptomics to Al-powered network modeling. We welcome
studies leveraging physiomimetic models (e.g., organoids, 3D-bioprinted ecosystems) to decode tumor het-
erogeneity, as well as translational work targeting emergent vulnerabilities at the intersection of epigenetics,
metabolic reprogramming and stromal interactions. By integrating systems biology with computational and
experimental approaches, this collection aims to catalyze the design of adaptive therapies that outmaneuver
cancer's evolutionary resilience.

Key words: cancer treatment, cellular signaling netwaorks, biomarkers
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Highlights

« Cancer-signaling networks and therapy resistance: Mapping pathway redundancy and tumor-microenvironment
cross-talk pinpoints how cancers evade targeted treatments.

+ Multi-omics + Al + spatial biology: Integrating genomics, proteomics, and deep-learning analytics deciphers tumor
heterogeneity and predicts patient-specific drug response.

+ Organoid and 3D-bioprinted tumor models: Next-gen preclinical platforms deliver physiologic testing grounds for
network-targeted therapies — accelerating bench-to-bedside translation.

+ Non-coding RNAs, epigenetic reprogramming, and TME dynamics: Emerging regulators that drive metastasis and
therapy escape reveal fresh intervention points.

« Systems-biology and computational oncology convergence: Interdisciplinary modeling designs adaptive, precision
cancer treatments that keep pace with tumor evolution.

Introduction

Cancer, a disease of profound complexity, arises from
the dysregulation of cellular signaling networks that or-
chestrate cell fate, immune evasion and metastatic dis-
semination.! While chemotherapy, immunotherapy and
targeted therapies have transformed oncology, the adapt-
ability of tumors — fueled by redundant pathways, micro-
environmental interactions and evolutionary pressures
—remains a formidable barrier. This call for submissions,
Revolutionizing Cancer Treatment: Navigating the Intricate
Landscape of Cellular Signaling Networks, invites the sci-
entific community to confront the complex challenges
of cancer research through a systems-level lens — bridging
molecular discovery with translational innovation.

The double-edged sword of signaling
complexity: From pathways to networks

Carcinogenesis is not merely the result of driver muta-
tions, but rather a systemic collapse of signaling homeo-
stasis. Canonical pathways such as PI3K/AKT/mTOR,?
RAS/MAPK,® and Wnt/B-catenin? are frequently co-
opted by tumors; however, their extensive crosstalk and
functional redundancy often create escape routes that
undermine therapeutic efficacy. For example, BRAF (B-
Raf proto-oncogene, serine/threonine kinase) inhibitors
in melanoma initially shrink tumors, only to see resistance
emerge via NRAS (neuroblastoma RAS viral oncogene
homolog) mutations or EGFR (epidermal growth factor
receptor)-driven rewiring.® Similarly, EGFR-targeted ther-
apies in lung cancer fail when tumors activate AXL (AXL
receptor tyrosine kinase) or MET (MET proto-oncogene,
receptor tyrosine kinase) signaling.®” Even immunother-
apy, which reinvigorates cytotoxic T cells by blocking PD-1
(programmed cell death protein 1)/PD-L1 (programmed
death-ligand 1), is thwarted by compensatory immuno-
suppressive networks involving TGF-p (transforming
growth factor beta), adenosine or regulatory T cells within
the tumor microenvironment (TME).® The TME itself acts

as a dynamic signaling hub. Cancer-associated fibroblasts
(CAFs) secrete growth factors like FGF (fibroblast growth
factor) and VEGF (vascular endothelial growth factor),’
while tumor-associated macrophages (TAMs) release in-
terleukin 10 (IL-10) and CCL22,' creating a pro-metastatic
niche. Recent studies reveal that extracellular vesicles (EVs)
shuttle oncogenic miRNAs (e.g., miR-122) between tu-
mor and stromal cells, further entrenching resistance.!!
These interactions underscore the need to map signaling
networks as adaptive circuits rather than static pathways.

Bridging the gap: From multi-omic insights
to Al, spatial biology and beyond

Advances in multi-omics — proteogenomics,'? spatial
transcriptomics!® and metabolomics* — have unmasked
tumor heterogeneity and plasticity.!® Single-cell RNA
sequencing has identified rare subpopulations with en-
hanced tumor metastasis ability.!® Furthermore, compu-
tational models now simulate network responses to per-
turbations, predicting resistance mechanisms and optimal
drug sequences. Artificial intelligence (AI) and machine
learning (ML) are accelerating discoveries. For instance,
the deep learning model identified 8 core protein assem-
blies integrating multi-gene alterations to predict palboci-
clib response in breast cancer, outperforming single-gene
biomarkers.1” Spatial transcriptomics, spatial proteomics
and computational approaches have been combined to re-
veal that gliomas organize into spatially structured cel-
lular states, with local microenvironments dominated
by single states and specific state pairs consistently co-
localizing across tumors. Hypoxia emerges as a key driver
of long-range tissue architecture, shaping a layered global
organization absent in non-hypoxic tumors like low-grade
IDH-mutant gliomas.!® Patient-derived organoids'® and
three-domesnional (3D) bioprinted TME?° models are
also revolutionizing preclinical testing. These platforms
recapitulate stromal interactions and drug penetration
barriers, enabling high-throughput screening of network-
targeted therapies.
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Call for contributions

We invite contributions that explore the following emerg-
ing and advanced areas of cancer biology and therapy:

— Novel regulators of oncogenic hubs: Non-coding
RNAs, phase-separated condensates and post-translational
modifiers (e.g., ubiquitin ligases).

— TME-mediated network modulation: Role of exo-
somes, circadian rhythm disruptions and neural signal-
ing in metastasis.

— Resistance mechanisms: Epigenetic plasticity, adap-
tive kinome reprogramming and persister cell states.

— AI/ML-driven discovery: Network-based drug repur-
posing and digital twins for personalized therapy.

— Biomarkers: Circulating tumor DNA (ctDNA) for
real-time network monitoring, and metabolic imaging
signatures.

Conclusions

The future of cancer therapy lies in decoding the rules
that govern signaling networks — not just the molecules.
By integrating systems biology, Al, and spatially resolved
technologies, we can design therapies that anticipate and
disrupt cancer’s adaptive strategies. This call for submis-
sions seeks to catalyze interdisciplinary collaboration,
uniting basic researchers, computational biologists and
clinicians to transform complexity into curability.
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Abstract

Neurodegenerative diseases, including Alzheimer's and Parkinson’s disease, affect an increasing number
of people in aging societies, dramatically reducing the quality of life of those affected. Hence, intensive
research efforts are aimed at understanding the molecular mechanisms of the disease progress, with the hope
for developing effective therapeutic strategies. The progress of neurodegenerative diseases is associated
with a complex activity of the immune system in the brain tissue. Carbohydrate-binding proteins (lectins)
play a key role in the inflammation-related activation of microglia. Siglecs, maintained in an active state
by binding to sialic acid-terminated glycoconjugates, help establish homeostasis by protecting nerve cells
from phagocytosis and preventing triggering receptor expressed on myeloid cells 2 (TREM2) activation. Upon
activation, microglia release sialidase, an enzyme that cleaves sialic acid residues from glycoconjugates, thereby
exposing galactose as the next monosaccharide in the glycan chain. After losing siglec-mediated protection,
the glycan becomes a ligand for Galectin-3 (Gal-3). Overexpression of this lectin under inflammatory condi-
tions activates TREM2 and TLR4 signaling pathways, enhances the phagocytic activity of microglia and leads
to tissue damage. Blocking Gal-3 interactions with the thiodigalactoside inhibitor (TD-139) appears to be
a promising novel approach to pharmacologically alleviating neuroinflammation.

Key words: microglia, neurodegeneration, galectin, glycosylation, Siglec
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interest.

« Involvement of specific lectin-carbohydrate interactions in the progress of neuroinflammation attracts increasing

« Siglec-polysialic acid binding maintains homeostasis and protects brain tissue.

+ Under inflammatory trigger, sialidase removes sialic acid residues from glycans.

+ Truncated glycans become ligands for Galectin-3 (Gal-3), which promotes excessive inflammation.
+ Gal-3 blockade may be a target for therapeutic intervention.

Introduction

Aging populations are experiencing a rising incidence
of neurodegenerative diseases, including Alzheimer’s
disease (AD) and Parkinson’s disease. The progressive
degradation of the nervous tissue significantly reduces
the quality of patient’s life, inevitably leading to disabil-
ity. The scale of the problem becomes a serious challenge
for the healthcare systems. Despite extensive research,
the precise mechanisms driving the onset and progression
of these diseases remain poorly understood, and the search
for regulatory targets to support the development of novel
therapeutic strategies is ongoing.

Activation of the immune system is one of the mecha-
nisms involved in the development of neurodegenerative
diseases. When immune cells are unable to effectively re-
move deposits of misfolded proteins, they intensify their
activity, which eventually leads to an attack on the body’s
own nervous tissue. Protein—carbohydrate interactions are
important in regulation of these processes, and carbohy-
drate-recognizing proteins — lectins — act as pattern rec-
ognition receptors. In the recent years, attention has been
paid to the interactions mediated by galectins, particularly
Galectin-3 (Gal-3).1=> Galectins are a group of lectics, ca-
pable of recognizing B-galactosides in the oligosaccharides
of glycoconjugates. Protein—sugar interactions mediated
by lectins are involved in numerous physiological and
pathological processes, including those related to cancer,
infections and autoimmune diseases.® The key issue seems
to be the regulation of the immune response, for which
the subtle changes in the sugar structures of glycoproteins
and glycolipids are essential.

A significant part of the brain tissue is made up
of the immune system cells, mainly astrocytes and mi-
croglia. As in other tissues, they act as guardians, detecting
compounds considered non-self in their surroundings.”®
In nervous tissue, the inflammatory process is most of-
ten independent of pathogens. The immune response
can be triggered by tissue damage or the accumulation
of misfolded protein deposits, such as p-amyloid in AD
or fibrillar forms of a-synuclein in Parkinson’s disease.*
Such a trigger leads to the activation of microglia (Fig. 1).
The resting ramified microglial cells change their shape,
transcriptional profile and behavior, transforming into

homeostatic ramified
microglia

inflammatory
trigger

®

active ameboid
microglia

active @ Q)
bushy microglia - @
ooge
[ ] ..
Fig. 1. Resting microglia and their activation: Upon full activation,

amoeboid microglial cells phagocytose amyloid deposits and secrete
pro-inflammatory cytokines along with Galectin-3 (Gal-3)

an amoeboid form capable of phagocytosis.” Such an in-
flammatory state is of the key importance in the pathology
of neurodegenerative diseases. With the initial appear-
ance of deposits of misfolded, insoluble protein plaques,
the activation of microglial cells is aimed at the clearance
of debris and thus maintaining a healthy tissue profile.®=
Later, the active microglia secrete significant amounts
of pro-inflammatory cytokines, and the increasing in-
flammation leads to the progressive damage of the ner-
vous tissue. An altered transcriptional profile of activated
microglia leads to the massive release of cytokines and
other inflammation-associated proteins, including Gal-3.
This protein is weakly expressed in homeostatic, inactive
microglia, but is highly overexpressed in activated cells
(Flg 1)'2,3,8—10

Glycosylation as an immune checkpoint

Glycosylation is a common post-translational modi-
fication of proteins. Oligosaccharide chains decorate
the surface of more than half of the proteins in all living
organisms. Membrane lipids, such as gangliosides, are also
glycosylated and are particularly abundant in nervous tis-
sue. Even subtle changes in structures of these oligosaccha-
rides have essential impact on the dynamics of interactions
with their receptors.!!

Complex glycosylation pathways enable the creation
of countless variants of oligosaccharide structures.
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Fig. 2. Examples of lectins and their carbohydrate ligands. A. Dendritic cell-specific intercellular adhesion molecule-3-grabbing non-integrin (DGSIGN)
binds high-mannose glycans, recognizing them as pathogen-associated molecular patterns (PAMPs); B. Siglecs interact with sialylated glycans, which serve
as self-associated molecular patterns (SAMPs); C. Galectins bind truncated, galactose-exposing glycans, which are characteristic of damage-associated

molecular patterns (DAMPs)

As a result of evolution, these structures differ between
lower organisms (including pathogens) and vertebrates.
In vertebrates, tissue-specific and developmental (onto-
genetic) differences also play a significant role. Structural
changes in glycans are associated with numerous patholog-
ical processes, including carcinogenesis. The diverse vari-
ants of oligosaccharides are recognized by an equally rich
array of proteins, collectively known as lectins (Fig. 2).1!
In addition to the previously mentioned galectins, there
are groups of lectins that recognize high-mannose glycans
and are responsible for detecting and binding pathogens.
The 3! major group comprises Siglecs, which specifically
recognize sialic acid-containing structures. Lectins are
classified as pattern recognition receptors (PRRs), with
the “pattern” referring to specific glycosylation profiles.!?
Pattern recognition drives the appropriate immune re-
sponse of the organism. Thus, mannose-specific lectins
primarily recognize pathogen-associated molecular pat-
terns (PAMPs).131* In the context of the topics discussed
here, 2 additional patterns are of particular interest:
damage-associated molecular patterns (DAMPs), recog-
nized by galectins, and self-associated molecular patterns
(SAMPs), recognized by Siglecs, i.e., the sialic acid-binding
immunoglobulin-like lectins. Glycosylated ligands for
these lectins can be either anchored to the cell membrane
or secreted into the extracellular space (Fig. 2).#15-17

Sialylation, Siglecs and sialidase

The vast majority of glycoproteins and glycolipids
in the human body are terminated with a sialic acid resi-
due, a monosaccharide that consistently occupies the ter-
minal position within oligosaccharide structures, although
the mode of attachment can vary.!* This characteristic
also applies to nervous tissue. Moreover, particularly

in the central nervous system (CNS), glycans often
form unique structures characterized by the presence
of multiple sialic acid residues at their termini (polysi-
alylation).!® Their receptors, the Siglecs, are expressed
on the surface of both neurons and microglial cells.!”18:20
This protein—carbohydrate interaction is responsible for
maintaining homeostasis. Activation of CD22 (Siglec-2)
and CD33 (Siglec-3) through binding to sialylated ligands
inhibits phagocytosis, suppresses TLR4 activation and
restricts complement receptor 3 (CR3) access to the cell
surface.’#1%2! The situation changes when a trigger signal
emerges within the tissue, leading to microglial activa-
tion. The initial deposits of amyloid-f or other misfolded
proteins may serve as such a trigger.?? In response, mi-
croglial cells secrete sialidase (also known as neuramini-
dase), an enzyme that specifically cleaves terminal sialic
acid residues from the surface glycans of both microglia
and neurons.!®1%21:2324 The removal of sialic acid exposes
the underlying galactose residue within the glycan chain,
thereby disrupting the interaction with Siglecs that nor-
mally serves to protect cell integrity. Moreover, nerve
fibers with exposed galactose residues become suscep-
tible to phagocytosis and, additionally, serve as ligands
for Gal-3." Thus, in resting microglia, the interaction be-
tween Siglecs and their ligands is crucial for maintaining
cellular homeostasis. Upon activation, sialidase-mediated
modification of glycan structures disrupts this protective
mechanism.

Galectins in the nervous tissue

Microglial activation is primarily directed toward
the clearance of early deposits of misfolded proteins.®’
At this stage, the cells start to express and secrete Gal-3.
Galectin-3, released from activated microglia, further
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amplifies microglial activation by binding to TLR4 and
TREM2, attaches to desialylated neurons to opsonize them
for phagocytosis, and promotes amyloid-[3 aggregation and
associated toxicity (Fig. 3).1-425-%7

Galectin-3, the most extensively studied galectin
in CNS pathology, is the sole representative of the chi-
meric type within this protein family (Fig. 3). In addi-
tion to its C-terminal carbohydrate recognition domain
(CRD), Gal-3 possesses a flexible collagen-like domain
and an N-terminal domain responsible for multiple pro-
tein—protein interactions.>*%28 This N-terminal domain
facilitates oligomerization, allowing Gal-3 to form higher-
order structures, including pentamers. Due to its unique
structure, Gal-3 can therefore interact with both sugars
and protein structures, which is an exception in this type
of lectins. Multimeric CRD interactions, as well as simul-
taneous interactions of the CRD and N-terminal domains,
give Gal-3 the ability to function as a bridge, connect-
ing ligands on the cell surface, in the extracellular matrix
(ECM), and elements secreted outside the cell with those
anchored in the membrane. Additionally, Gal-3 is suscep-
tible to 2 characteristic post-translational modifications:
proteolytic cleavage by matrix metalloproteinases (MMPs),
separating the CRD domain from the N-terminal frag-
ment, and phosphorylation. N-terminal cleavage prevents
oligomerization and simultaneous interactions with both
carbohydrate and protein ligands. The role of potential
phosphorylation remains unknown.

Galectin-3 levels in cerebrospinal fluid (CSF) and se-
rum of AD patients are significantly elevated and cor-
relate with disease stage and severity. A similar increase
was observed in mouse models of AD, particularly in mi-
croglial regions associated with amyloid deposits.!*23°
Studies have demonstrated that the loss of Gal-3 function,
via genetic deletion or inhibition, mitigates key features
of neurodegenerative diseases, including decreased expres-
sion of pro-inflammatory genes, reduced amyloid burden
and improved cognitive performance.'®? In the healthy
CNS, the role of Gal-3 seems to be limited. Knockout
mice (Gal-37) do not exhibit any significant functional
impairments.>28 However, in healthy neural tissue, Gal-3
is physiologically expressed in the subventricular zone,
where neurogenic stem cells reside. Microglia in this area
are semi-activated despite the absence of tissue damage.
This process is reported to be associated with neurogenesis
and migration of new neurons to olfactory bulbs.!
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Apart from Gal-3, expression of Galectin-1, -3, -8, and -9
has been described in the nervous tissue.?'~%> Galectins
other than Gal-3 are considered neuroprotective rather
than promoting a tissue damage. Galectin-1 belongs
to the prototype group of galectins. These proteins contain
a single CRD capable of dimerization, enabling bivalent
interactions and cross-linking of glycosylated ligands. Ga-
lectin-1 is often co-expressed with Gal-3 but exerts oppos-
ing effects. It is highly expressed in astrocytes and plays
aregulatory role by suppressing microglial activation. This
is achieved through binding to O-glycans on CD45 and
attenuating inflammatory signaling pathways. In Gal-1
knockout mice, microglia display a more pro-inflamma-
tory phenotype, accompanied by exacerbated demyelin-
ation.?® Galectins-4, -8 and -9 belong to the tandem-repeat
type, characterized by the presence of 2 distinct CRDs
connected by a polypeptide linker of variable length. This
structure also allows ligands cross-linking. Galectin-8,
similarly to Gal-9, has an immunosuppressive impact
on the CNS. It is involved in the activation of autophagy
in cells containing tau aggregates in AD. Galectin-8 de-
tects luminal glycans of the damaged endomembranes
caused by cytosolic aggregation of tau protein and directs
them to autophagy. Inhibition of Gal-8 results in the higher
amount of tau aggregates inside the cells.?* Galectin-4
is localized in neurons and plays its role in axonal growth
and transport. Its presence is also associated with the in-
hibition of myelination and the maturation of oligodendro-
cytes. However, no significant changes have been reported
in the overall progression of neurodegeneration.3¢

Cross-talk of Siglecs, Galectin-3 and TREM2

Over the past decade, triggering receptor expressed
on myeloid cells 2 (TREM2) has been considered impli-
cated in the progression of AD.?’-% Expressed by mi-
croglia, TREM2 is a key regulator of the innate immune
response. It is a membrane protein composed of a large
ectodomain that binds extracellular ligands, a transmem-
brane region consisting of a single a-helix, and a short
cytoplasmic tail lacking intrinsic signaling motifs. TREM2
requires interaction with the adaptor proteins DAP12
or DAPI0 to activate signaling pathways that promote
the secretion of pro-inflammatory cytokines and enhance
phagocytic activity.?**? Genetic variants of TREM2 have
been associated with an increased risk of AD and other
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Fig. 4. Lectin interactions and TREM2/DAP12 signaling. A. In resting microglia, Siglec binding to sialylated glycans inhibits signal transduction, maintaining
immune homeostasis; B. Upon activation, microglial cells secrete sialidase, which removes terminal sialic acids and disrupts Siglec—-glycan interactions;
C. As aresult, truncated glycans expose galactose residues, allowing recognition and binding by Galectin-3 (Gal-3)

TREM2 - triggering receptor expressed on myeloid cells 2.

neurodegenerative disorders.?* In the CNS, TREM2 ex-
pression increases with age and the progression of neu-
rodegenerative diseases.? Studies using TREM2~/~ mice
have shown a decrease in microglial clustering around
amyloid deposits, reduced microglial cell numbers and in-
creased apoptosis.*! The TREM?2 ectodomain can be shed
by ADAM-family metalloproteinases, generating a soluble
form (STREM?2) that acts as a mediator of cellular interac-
tions within the tissue (Fig. 4).4243

Both Gal-3 and Siglec-3 (CD33) are endogenous ligands
of the TREM2/DAP12 receptor complex, modulating its
signaling, a key driver of microglial activation and neurode-
generation, which plays a crucial role in regulating phago-
cytosis and inflammation.??4444> The binding of Siglec-3
with sialylated glycans suppresses TREM2-driven phago-
cytic activity in microglia (Fig. 4).44+4¢ In turn, increased
Gal-3 expression leads to the activation of TREM2 signaling
pathways.?>** Notably, Gal-3 binding to TREM2 has been
shown to involve its carbohydrate recognition domain.?

Therapeutic approach

The interaction between terminal sialic acids and Si-
glecs appears to play a key role in protecting brain tissue,
suggesting that inhibiting sialidase may hold therapeutic
potential.*” However, current research is focused on low-
molecular-weight inhibitors of the galectin CRD. Among
a few digalactosyl analogues of lectin natural ligands,*8
TD-139 (olitygaltin) is the subject of most advanced stud-
ies. The compound, 3,3"-bis-(4-aryltriazol-1-yl)thio-diga-
lactoside, consists of a core formed by 2 galactose units
linked via a thiol bond, flanked by triazole rings and flu-
orine-substituted phenyl groups (Fig. 5). The reduction
of pro-inflammatory Gal-3 activity by TD-139 has been
tested in several animal models of nervous system diseases.
Rombaut et al.** demonstrated a neuroprotective effect
of intravitreally injected TD-139 in a rat ocular hyperten-
sive model of glaucoma, reporting the prevention of retinal
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Fig. 5. TD-139 as a blocker of the galectin binding site, preventing TREM2/
DAP12 signal transduction. A. Chemical structure of TD-139; B. Mechanism
of TD-139 action: inhibition of galectin binding to truncated glycans,
thereby preserving Siglec-mediated inhibition and preventing activation
of the TREM2/DAP12 signaling pathway

TREM2 - triggering receptor expressed on myeloid cells 2.

ganglion cell degeneration. In a mouse model of an early
brain injury due to subarachnoid hemorrhage, Shen et al.>
demonstrated both the role of Gal-3 in the microglia ac-
tivation and its efficient inhibition by TD-139, which
prevented brain injury and excessive secretion of pro-
inflammatory cytokines by the microglial cells. In a rat
model of epilepsy, elevated Gal-3 activity was observed,
and its inhibition by TD-139 was shown to reduce inflam-
mation and associated neurodegenerative changes. This
intervention reduced the expression of pro-inflammatory
factors, the severity of seizures and hippocampal damage.!
Experimental studies in animal models may be limited
by the significantly lower binding affinity of the inhibitor
to mouse and rat analogues of Gal-3 compared to the hu-
man form of the lectin.>? Based on crystallographic studies,
the authors indicate structural differences in the carbohy-
drate-binding site in all 3 cases. The key role is suggested
to hA146, which holds the ligand in the correct position
in the lectin binding pocket by interacting with the fluo-
rophenyl flanking structure. The presence of larger V160
and T158 residues in mouse and rat proteins disrupted
the alignment required for proper binding. Interestingly,
targeted mutations replacing the aforementioned residues
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with alanine in animal proteins led to improved alignment
and increased binding affinity. Conversely, introducing
avaline residue in place of alanine in human Gal-3 dimin-
ished its binding affinity. Such data are essential not only
for further planning of animal model studies and their
interpretation, but also for possible research on the ad-
vantageous structural modifications of digalactosyl com-
pounds (Fig. 5).

Conclusions

Interactions between lectins and their carbohydrate li-
gands are gaining increasing attention as effective immune
checkpoints that regulate the body’s immune response.
This applies to various diseases that contain an inflamma-
tory component. It does not differ in disorders affecting
the nervous tissue, although our knowledge here is much
more limited. Further studies are important for a better
understanding of the dynamics and regulation of neuro-
inflammation that leads to a tissue damage. Current data
suggest that a deeper understanding of these interactions
could pave the way for the development of new therapeutic
agents aimed at slowing the progression of neurodegenera-
tive diseases. The challenge for our understanding of these
mechanisms comes from the possible pleiotropic effects
of lectins, as their action may be context-dependent and
vary in changing conditions of the microenvironment.
Little is known about the possible interplay of different
galectins, sometimes co-expressed but varying in function.
The signaling pathways leading to galectin expression may
be also influenced by external factors.

Current efforts to utilize the TD-139 inhibitor as a po-
tential therapeutic agent originate primarily from its
demonstrated efficacy in treating pulmonary fibrosis
by limiting the Gal-3-induced excessive immune response.
However, in the context of neurological diseases, an added
challenge lies in the limited understanding of its ability
to cross the blood—brain barrier. The molecule, in addition
to the digalactoside structure recognized by the lectin,
contains flanking regions composed of phenyl-derived
moieties. Due to its relatively hydrophobic character,
TD-139 may more easily penetrate biological membranes,
including potentially the blood—brain barrier. This high-
lights the critical role of the flanking structures surround-
ing the galactoside core, which may serve as key targets
for future modifications aimed at enhancing membrane
permeability. Another advantage of low molecular weight
compounds like TD-139 lies in their ability to circumvent
potential side effects commonly associated with antibody-
based therapies, such as immune system activation.

Although our understanding of the complex mecha-
nisms underlying neuroinflammation and degeneration
is still incomplete, the topic continues to garner significant
research attention, and a surge of new, insightful studies
is anticipated in the near future.
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Abstract

Background. Combining antibiotics with non-surgical periodontal therapy has a beneficial impactin case
of infection while its role for dental-related outcomes is still unclear.

Objectives. The current study’s main objective was to evaluate the impact of adding adjuvant systemic and
topical antimicrobial therapy to non-surgical periodontal therapy.

Materials and methods. A systematic literature search was accomplished and 1,093 study participants with
periodontal diseases were recruited to the current study; 541 of them were treated with adjuvant systemic
or topical antimicrobial agents and 552 with non-surgical interventions. The inclusion criteria of the current
study took into account only randomized clinical trials.

Results. Adding systemic antibiotics to non-surgical intervention resulted in a significant enhancement
regarding probing pocket depth reduction (PPD). Metronidazole/amoxicillin showed a significant impact
on PPD and the clinical attachment level (CAL), while doxycycline showed no significant impact regarding
(AL. Using topical antimicrobial agents showed a significant beneficial role in reducing PPD regarding
doxycycline, while non-significant effects were seen with metronidazole.

Conclusions. Adding adjuvant systemic and topical antimicrobial agents to non-surgical periodontal therapy
showed a beneficial impact regarding PPD and CAL (metronidazole/amoxicillin and doxycycline). In addition,
using doxycycline as a topical agent showed a beneficial impact on the reduction of PPD.

Key words: periodontal therapy, antimicrobials, CAL, PPD
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Background

Periodontitis is a condition marked by an imbalance
in the microbial community, leading to the breakdown
of the tissues supporting the teeth, including the alveo-
lar bone, cementum, periodontal ligament, and gingiva.
It is widely recognized as the primary reason for tooth
loss.! Periodontitis affects almost 50% of the world’s popu-
lation, with 11% experiencing a severe version of the dis-
ease.? Periodontitis is linked to a transition from a mutually
beneficial periodontal microbiome to an imbalanced one.
The presence of dysbiosis is linked to a greater occurrence
of anaerobic bacteria, specifically Porphyromonas gingi-
valis, which is recognized as a major pathogen.>* This
pathogen has the ability to penetrate tissues and trigger
inflammatory signaling pathways, leading to inflamma-
tion. Periodontitis is characterized by the loss of attach-
ment between the teeth and gums, an increase in the depth
of the pockets around the teeth, bleeding when probed,
and can be accompanied by purulence, pain and swell-
ing of the gums. These symptoms can negatively impact
the long-term health of the affected teeth.>® The current
objective of periodontal treatment is to restore the bal-
ance between organisms living in the periodontium and
reduce inflammation, while also enhancing the clinical
attachment level (CAL). In addition to providing guidance
on oral hygiene and making adjustments to potential local
and systemic risk factors, the primary focus of the current
treatment strategy is non-surgical periodontal treatment,
specifically scaling and root planing (SRP).” Neverthe-
less, in instances of severe infections, the effectiveness
of treatment may be hindered by challenges in gaining
instrumental access to the affected area, bacterial infil-
tration of the surrounding soft tissues and a persistent
inflammatory response.® This underscores the necessity
of employing additional treatments, such as surgical inter-
ventions. Adjuvants have been suggested in the early stages
of periodontal therapy to enhance the response to treat-
ment, given specific circumstances.’

To minimize the indications for surgical operations that
are invasive and need advanced technical skills, various
additional methods of SRP have been suggested, includ-
ing the administration of antibiotics or anti-inflamma-
tory medications. These additional therapies enhanced
treatment outcomes by reducing probing pocket depth
(PPD) and increasing CAL acquisition.!” Nevertheless,
the administration of these pharmaceuticals through en-
teral routes necessitates the utilization of large amounts
of active substances to achieve optimal concentration
at the targeted location. Additionally, patient adherence
to the prescribed administration schedule is crucial, and
there is a possibility of encountering adverse effects.
Asaresult, many localized, topical therapies, such as gels,
fibers or chips containing diverse, active compounds and
medications, have been created and assessed in clinical
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environments. The primary benefits of these treatments
include targeted administration of potent medications
directly to the affected areas, minimized potential for
adverse reactions, and the potential for 3-dimensional
stability of the blood clot.!! Periodontitis (which comes
in a variety of forms) is one of the leading causes of tooth
loss in adults. The most damaging kind of periodontitis
among them is called aggressive periodontitis (AgP). Peri-
odontitis is often characterized by 3 factors: A decrease
in CAL, radiographic bone loss, and 1 or more sites with
inflammation (bleeding on probing). In patients with AgP,
SRP treatment by itself does not produce satisfactory out-
comes. Thus, it is advised to treat this condition with ad-
ditional systemic antibiotics. Hence, analysis of previous
studies could provide clinical guidance that would aid
in the practical management of periodontitis and enhance
clinical outcomes. In addition, the findings of the current
study would be valuable for determining the impact of dif-
ferent antimicrobial therapies on the clinical outcomes
of periodontitis and enhance the ability to select specific
antimicrobial therapies.

Objectives

The primary purpose of this investigation was to assess
the effects of including adjuvant systemic and topical an-
timicrobial medications in non-surgical periodontal care
on clinical parameters such as CAL and PPD reduction.

Method
Study design

For this meta-analysis, researchers looked at studies that
followed a specific protocol to determine the epidemiologi-
cal impact.!? Several scientific databases, including Ovid,
PubMed, Google Scholar, Cochrane Library, and Embase,'
were used to collect and analyze data from the included
studies, following the inclusion criteria provided. The en-
tire study sequence is shown in Fig. 1.

Eligibility and inclusion

The inclusion criteria were examination of the effects
of adjuvant systemic and topical antimicrobial treatment
as an adjunct to non-surgical periodontal therapy. Only
articles that specifically looked at how various therapies
(such as systemic or topical adjuvant antibacterial medica-
tion or non-surgical periodontal therapy) reduced the PPD
and CAL were included in the sensitivity research. To do
subclass and sensitivity analysis, the medical interven-
tional groups were compared to various types of antimi-
crobials and routes of delivery.
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Fig. 1. Study inclusion flowchart

Inclusion criteria

The current study only incorporated randomized clini-
cal trials that were published up until December 2023.
In addition, studies including patients who had periodon-
tal conditions treated with SRP were subject to the study.
Study designs that compared the effects of 2 interventions
(adjuvant antimicrobial agent + non-surgical interventions
compared to non-surgical intervention alone) were required
for inclusion.

Exclusion criteria

Articles that were unable to convey the results of a com-
parison between different interventions in a suitable manner,
such as interquartile range or median, were excluded. Failure
to use mean (+ standard deviation (+SD)) to express all re-
sults of diverse outcomes was excluded. Finally, we excluded
cases where the research was published as a book chapter,
letter or review article.

Identification

First, we conducted our research up until December 2023
utilizing a set of terms related to periodontal disorders, an-
tibiotics, CAL, reduction of probing pockets, doxycycline,
metronidazole, and amoxicillin. A protocol for the search
strategies was defined in accordance with the PICOS
principle as follows: P (population) — periodontal condi-
tions; I (intervention/exposure) — non-surgical periodontal
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therapy and adjuvant antimicrobial agents (topical or sys-
temic); C (comparison) — non-surgical periodontal therapy
plus adjuvant antimicrobial agents (topical or systemic)
compared with control; O (outcome) — PPD reduction and
CAL; S (study design) — randomized clinical trial.

The author did a thorough search of the PubMed, Co-
chrane Library, Embase, Ovid, and Google Scholar data-
bases until December 2023 using the keywords and related
terms. Any article that did not discuss and evaluate the role
of early supported discharge compared to traditional care
was disregarded after an evaluation of the titles and abstracts
of the articles that had been collected into Endnote v. 20
(Clarivate Analytics, London, UK).

Screening

To narrow down the data, certain criteria were used.
These criteria included the following: the author’s sur-
name, year of publication, country, type of study, length
of the study, demographic information, clinical and
treatment characteristics, total number of study partici-
pants, methods used, information sources, and outcomes.
The writer examined the selected papers’ methodological
quality and checked each study for possible bias.

Through the use of Review Manager v. 5.3 (The Nor-
dic Cochrane Centre, The Cochrane Collaboration, Co-
penhagen, Denmark), we were able to determine whether
the included pieces of research had a low, medium or high
potential for bias.

Statistical analyses

The mean difference (MD) was calculated with a 95%
confidence interval (95% CI) using a random-effect model
with continuous analysis.'* The data were fitted with
a random-effects model due to a lack of high-level simi-
larity between the included studies. Results of the analysis
were expressed in the form of forest plots, which indicated
the 95% CI of each group and displayed a visual direction
(positive or negative) of the different studies in the same
analysis. Group and subgroup analysis were performed for
different models; the group analysis reflected the overall
results of all included studies, while the subgroup analysis
showed the effect of additional factors shared between
a small number of studies with the same outcome under
investigation.

Tau?, the degree of heterogeneity, was determined using
the constrained maximum-likelihood estimator. A nu-
merical value between 0 and 100, known as the 12 index,
was calculated. Jamovi software (https://www.jamovi.org/)
was used to obtain this index. Percentages representing
low, moderate and high levels of heterogeneity were also
used to display the heterogeneity level, which can range
from 0% to 100%. Quantitative research on publication bias
was carried out using Begg’s and Egger’s tests and visual
evaluation of funnel plots.


https://www.jamovi.org

684 G. Sun. Antimicrobial role in periodontal therapy

Table 1. Characteristics of clinical trials recruited in the analysis

Country Intervention type Intervention Control Total

Vyas et al.”® India 2019 doxycycline 26 26 52
Al-Nowaiser et al.'® Saudi Arabia 2014 doxycycline 35 33 68
Al-Zahran et al."” Saudi Arabia 2009 doxycycline 14 15 29
Gaikwad et al.'® India 2013 doxycycline 25 25 50
O'Connel et al.”” Brazil 2008 doxycycline 15 15 30
Rodrigues et al.?° Brazil 2003 amoxicillin/clavulanic acid 15 15 30
Singh et al.?! India 2008 doxycycline 15 15 30
Tsalikis et al.?? Greece 2014 doxycycline 31 35 66
Gupta et al.? India 2008 doxycycline 30 30 60
Pandit et al.* India 2013 metronidazole 20 20 40
Lieetal? China 1998 metronidazole 18 18 36
Eickholz et al.?® Germany 2002 doxycycline 110 110 220
Srirangarajan et al./ India 2011 doxycycline 10 10 20
Kinane et al.® UK 1999 metronidazole 19 20 39
Aimetti et al.?? [taly 2012 metronidazole/amoxicillin 19 20 39
Guerrero et al > USA 2005 metronidazole/amoxicillin 20 21 41

Xajigeorgiou et al?' Greece 2006 metronidazole/amoxicillin 10 11 21

Yek et al.*? Turkey 2010 metronidazole/amoxicillin 12 16 28
Mestnik et al.3 Brazil 2012 metronidazole/amoxicillin 15 15 30
Madi et al 3 Saudi Arabia 2018 doxycycline 15 15 30
Tamashiro et al.*® Brazil 2016 metronidazole/amoxicillin 29 27 56
Taiete et al. Brazil 2016 metronidazole/amoxicillin 21 18 39
Grossi et al.? USA 1997 doxycycline 17 22 39

Table 2. Analysis results of all models

Estimate p-value Io?vf,eof)lﬁlwit upgse(,/:lfr:wit Begg's test | Egger's test
Systemic antimicrobial therapy impact on PPD reduction 0.79 0.006 0.225 1.356 91.45% 0.51 0.001
Subgroup 1 doxycycline 0.947 0.128 -0.273 2.167 96.56% 0.72 0.001
Subgroup 2 metronidazole/amoxicillin 0.796 <0.001 0.539 1.053 0% 1 0.808
Systemic antimicrobial therapy impacts on CAL 0.688 0.128 -0.197 1.573 96.5% 0.19 0.001
Subgroup 1 doxycycline 1.03 0.303 -0929 2987 98.61% 0.399 0.001
Subgroup 2 metronidazole/amoxicillin 0.482 <0.001 0.226 0.738 2.87% 0.562 0.665
Adjuvant topical antimicrobial agents'impact on PPD 0.363 <0.001 0.181 0.545 0% 0.548 0.708
Subgroup 1 doxycycline 0.442 0.002 0.165 0.719 23.8% 1.000 0.682
Subgroup 2 metronidazole 0.254 0.175 -0.113 0.622 0% 0333 0411

95% Cl — 95% confidence interval; PPD — pocket probing depth; CAL - clinical attachment level.

Results Systemic antimicrobial therapy’s impact

on probing pocket depth reduction

After reviewing 1,918 pertinent studies, 23 research pa-

pers from the period between 1997 and 2019, including
1,093 study participants with periodontal disease receiving
non-surgical interventions, were selected for the meta-
analysis.!>~%” The results of these investigations are com-
piled in Tables 1,2. In addition, analysis models and pub-
lication bias were reported in Fig. 2—6.

Continuous analysis using the random-effects model
of 16 clinical trials for evaluation of the impact of adjuvant
antimicrobial therapy on non-surgical periodontal ther-
apy regarding the PPD reduction (Fig. 2A). The outcomes
of the analysis showed a significant (p < 0.01) beneficial
impact of combining systemic antimicrobial therapy with
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SRP compared to controls (MD = 0.79, 95% CI: [0.22-1.36],
I2 = 91.4%). A single study (Vyas et al.) may be deemed
unduly influential based on Cook’s distances.'®

Systemic doxycycline impact on probing
pocket depth reduction
Subgroup continuous analysis using the random-effects

model of 8 clinical trials for evaluation of the impact of ad-
juvant doxycycline therapy on non-surgical periodontal

therapy regarding the PPD reduction (Fig. 2B). The out-
comes of the analysis showed a non-significant (p < 0.13)
impact of combining systemic antimicrobial therapy
with SCP compared with controls (MD = 0.95, 95% CI:-
0.27-2.17, 12 = 96.5%). One study (Vyas et al.) had a value
larger than +2.73, suggesting that it might be an outlier
in the context of this model, according to an analysis
of the studentized residuals. By excluding this outlier study,
the finding showed a significant (p = 0.01) beneficial dif-
ference in favor of doxycycline intervention.'®
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Systemic metronidazole/amoxicillin
impact on probing pocket depth reduction

Subgroup analysis using the random-effects continuous
analysis model for 7 clinical trials for evaluation of the im-
pact of adjuvant metronidazole/amoxicillin on non-sur-
gical periodontal therapy regarding the PPD reduction
(Fig. 2C). The outcomes of the analysis showed a signifi-
cant (p < 0.001), beneficial impact of combining systemic

0.48 [0.23, 0.74]

antimicrobial therapy with SRP compared to control
(MD = 0.80, 95% CI: 0.54-1.05, I* = 0%).

Systemic antimicrobial therapy impacts
on clinical attachment level

In contrast to the analysis of 16 studies for PPD, analy-
sis of the impact of systemic administration of adjuvant
antimicrobial therapy on CAL (Fig. 3A) using 16 studies
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revealed that the addition of antimicrobial drugs did not
result in significant (p = 0.13) changes in CAL compared
to controls (MD = 0.69, 95% CI: —0.20-1.57], I* = 96.5%).

Systemic doxycycline impact on clinical
attachment level

Regarding subgroup analysis of the impact of systemic
administration of adjuvant antimicrobial therapy on CAL
(Fig. 3B), results from the analysis of 8 studies revealed
that the addition of doxycycline did not result in signifi-
cant (p = 0.3) changes in the CAL compared to controls
(MD = 1.03, 95% CI: —0.93-2.99, 12 = 98.6%).

Systemic metronidazole/amoxicillin
impact on clinical attachment level

Concerning subgroup analysis of the impact of systemic
administration of adjuvant antimicrobial therapy on CAL
(Fig. 3C), results from the analysis of 7 studies revealed
that the addition of systemic metronidazole/amoxicillin
resulted in significant (p < 0.001) changes in the CAL com-
pared to controls, represented as a higher CAL (MD = 0.48,
95% CI: 0.23-0.74, 12 = 2.87%).

Adjuvant topical antimicrobial agents
impact on probing pocket depth

Rgarding topical administration of adjuvant antimicro-
bial therapy (doxycycline or metronidazole) on PPD, results
from the analysis of 8 studies revealed that the addition
of topical antimicrobial agents to non-surgical periodontal
therapy resulted in significant (p < 0.001) changes in PPD
compared to controls, represented as a higher PPD level
(MD =0.36, 95% CI: 0.18—0.55, I* = 0%). Among the 8 stud-
ies, 5 studies demonstrated the impact of topical doxycy-
cline and 3 papers demonstrated the role of metronidazole.
Subgroup analysis according to the type of topical anti-
microbial agent showed a different result for doxycycline
compared to metronidazole. Doxycycline showed a sig-
nificantly (p = 0.002) higher impact on PPD compared
to controls, while metronidazole did not (p = 0.17). The het-
erogeneity level for both subgroup analyses was 0% (Fig. 4).

Publication bias

Analysis of publication bias using Begg’s and Egger’s
tests, in addition to the visual evaluation of funnel plots,
showed differences between groups regarding the level
of publication bias, as shown in Table 2 and Fig. 5,6. Groups
that showed low levels or no publication bias were met-
ronidazole/amoxicillin therapy’s impact on PPD reduc-
tion (Begg'’s test = 1, Egger’s test = 0.808), metronidazole/
amoxicillin therapy’s impact on PPD (Begg’s test = 0.56,
Egger’s test = 0.66) and models for analysis of topical
antimicrobial therapy’s impact on PPD (Table 2, Fig. 6).
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However, it is important to note that some of the analyzed
groups contain sample size less than 10; in these cases,
the Begg’s and Egger’s tests may not have the necessary
power to identify bias.

Discussion

Twenty-three randomized clinical trials published be-
tween the period of 1997 to 2019, including 1,093 subjects
with periodontal disease receiving non-surgical interven-
tion, were selected for the current meta-analysis.!>-3¢

The addition of a systemic antibiotic to a non-surgi-
cal intervention resulted in a significant improvement
in terms of the reduction in the PPD. On the other hand,
metronidazole/amoxicillin demonstrated a significant im-
pact on the CAL and PPD, whereas doxycycline did not
demonstrate any significant impact on the CAL. The use
of topical antimicrobial drugs had a substantial favorable
impact in reducing pocket depth (PD) in relation to doxy-
cycline; however, the effect connected to metronidazole
was not significant.

Three recent systematic reviews have examined the ef-
fects of a specific combination of antibiotics, metroni-
dazole plus amoxicillin, in treating chronic periodontitis
(ChP), AgP or both. Systematic reviews previously con-
ducted®3%3? have shown that using this antibiotic protocol
as an adjunct to treatment provides significant benefits.
The prevailing method employed in these investigations
involved producing aggregated estimations by utilizing
the average alterations from the initial state to various
time periods after therapy in clinical outcomes result-
ing from SRP alone or in conjunction with systemic an-
tibiotics. A previous study by Teughels et al. indicated
that systemic antimicrobials, when used as an adjuvant
in periodontal therapy, produced statistically significant
improvements in clinical outcomes, while the intervention
groups that received systemic antimicrobials experienced
more frequent side effects compared to controls.*? In con-
trast, when compared to surgical therapy alone, the use
of systemic or local antimicrobials during surgical therapy
does not appear to increase the clinical efficacy in patients
with peri-implantitis.* While another study demonstrated
the influence of topical antimicrobial agents showing that
the PPD decreased and the CAL gained with statistically
significant effects when the adjunctive was locally applied
to subgingival antimicrobials.*? During surgical periodon-
tal therapy, locally given antibiotics lead to longer-lasting
post-surgical improvements for CAL, PPD and bleeding
on probing (<6 months).*3

Typically, when comparing the effectiveness of differ-
ent antibiotics (as the experimental group) with conven-
tional therapy (SRP as the control group), the studies are
combined using a pairwise meta-analysis.***> However,
a traditional pairwise meta-analysis is unable to directly
compare 3 or more treatment regimens at the same time.



688

G. Sun. Antimicrobial role in periodontal therapy

Fig. 4. Forest plot for the analysis
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To evaluate the impact of various treatments, it is neces-
sary to do several pairwise analyses for each outcome mea-
sured. These analyses are based on studies *~*8 employing
a Bayesian network meta-analysis to address this limita-
tion. Instead of doing numerous individual comparisons,
this form of meta-analysis evaluates all existing treatment
regimens under a single statistical model.#¢4:50

The results of this meta-analysis align with previous
systematic reviews®'~>3 that have suggested the clinical
effectiveness of systemic antibiotics, particularly metroni-
dazole + amoxicillin, in treating individuals with AgP.384>
Nevertheless, a noteworthy outcome of the current study,

worth considering, was the substantial therapeutic ad-
vantage shown when utilizing additive metronidazole
to treat patients with AgP. This pairwise meta-analysis
has shown that the combination of SRP and metronidazole
resulted in a statistically significant increase in CAL and
a decrease in probing depth by 1.08 mm and 1.05 mm,
respectively, compared to 0.45 mm and 0.53 mm for
the combination of SRP, metronidazole and amoxicillin.
It is crucial to highlight that the increased gain in CAL
and reduction in PPD seen in the SRP + metronidazole
group compared to the SRP + metronidazole/amoxicillin
group may be attributed to the severe periodontal damage
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clinical attachment level (CAL) (D), subgroup analysis including doxycycline (E), and subgroup analysis including the metronidazole/amoxicillin

combination (F)

present in the study population of one of the research stud-
ies investigating the effects of metronidazole.?® The aver-
age PD and CAL values at the beginning of the trial were
5.8 mm and 6.2 mm, respectively, when measured across all
teeth in the mouth. By comparison, the groups examined
in the 5 trials that evaluated the impact of SRP + metro-
nidazole/amoxicillin had average initial PD values ranging
from 4.1 mm to 4.63 mm and CAL values from 4.5 mm
to 4.97 mm. Therefore, these initial clinical variations may
have had a role in the more significant level of recovery

seen in participants who were treated with metronida-
zole compared to those who received metronidazole and
amoxicillin. Furthermore, it is crucial to acknowledge that
the favorable outcomes found for metronidazole were de-
rived solely from the analysis of data from 2 randomized
controlled trials.?"% Hence, the data regarding the signifi-
cant advantages of metronidazole in treating AgP, as seen
in the current study, should be approached with caution,
especially when compared to the benefits observed for
metronidazole + amoxicillin.
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The primary constraints associated with the utiliza-
tion of locally administered supplementary treatment are
the gel’s stability within the defect, the amount of active
medication accessible at the site and the duration of drug
release. Local antimicrobials used as an adjuvant increased
the effectiveness of non-surgical periodontal therapy
in lowering PPD and raising CAL at sites where the PD
present was >5 mm prior to treatment. The available data
does not support comparable benefits when systemic an-
tibiotics or antimicrobials are combined with SRP as part
of therapy.* Various hydrogels, including chitosan, xan-
than and hyaluronic acid, have been examined. However,

G. Sun. Antimicrobial role in periodontal therapy

these hydrogels lack long-term stability of their 3-dimen-
sional (3D) shape when compared to in-situ forming gel.>
No control group was utilized for the duration of contact
when topical antimicrobial gels were injected into the peri-
odontal pocket in the experiments included. Thus, in mul-
tiple investigations, the application of gel was repeated
at a 1-week interval on multiple occasions. This could be
perceived as an inconvenience due to the time requirement
and patient compliance needed for successful treatment.
Furthermore, the majority of the studies included a follow-
up period ranging from 3 months to 1 year. This follow-up
period aligns with the duration required to achieve a state
of stable healing. It is worth noting that the study did not
evaluate pocket closure as a primary outcome. Enabling
an objective comparison of trials and accurately evaluat-
ing the clinical efficacy of the tested treatment would be
a highly useful measure. The majority of the papers ana-
lyzed exhibited significant heterogeneity, underscoring
the necessity for additional verification of these findings.

Limitations

The absence of large multicenter studies and studies
with large sample sizes are considered limitations of this
analysis. Comparing different doses and therapy dura-
tions should be taken into consideration in further studies
as most of the analyzed trials did not compare the impact
of drug dose and duration.

Conclusions

When combined with non-surgical periodontal care,
adjuvant systemic and topical antimicrobial medicines
demonstrated a favorable influence on PPD reduction
and CAL in cases of periodontal disease (metronida-
zole/amoxicillin). In addition, the application of doxycy-
cline as a topical treatment has shown a positive impact
on the decrease in PPD. Further multicenter randomized
studies are needed to evaluate the influence of different
medication doses on clinical outcomes.
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Abstract

Background. Chronic obstructive pulmonary disease (COPD) contributes considerably to morbidity and
mortality worldwide, necessitating innovative interventions to enhance patient outcomes.

Objectives. The present synthesis aimed to discern the impact of nursing interventions on physical, mental
and social health outcomes among COPD patients, focusing on 6-minute walk distance (6MWD), self-efficacy,
anxiety, depression, dyspnea, hospitalization, St. George’s Respiratory Questionnaire score, patient satisfac-
tion, and all-cause mortality.

Materials and methods. This review was conducted to include randomized controlled trials exploring
nursing interventions for COPD patients without demographic restriction and sourced from several databases
(MEDLINE, Cochrane Central Register of Controlled Trials (CENTRAL), Scopus, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), and OpenGrey) until September 2023. Quality assessments were done
using the Cochrane Risk of Bias 2 (RoB 2) tool, followed by meta-analysis using a random-effects model
with continuous outcomes interpreted as standardized mean difference (SMD) and categorical outcomes
as risk ratio (RR).

Results. Thirty-six studies were incorporated, revealing nursing interventions to notably enhance 6MWD
(SMD: 0.628, p = 0.001) and self-efficacy (SMD: 0.800, p < 0.001), and significantly decrease anxiety
(SMD: —0.952, p = 0.015) and depression levels (SMD: —0.952, p = 0.006). However, the effects of hospi-
talization, quality of life (QoL) and dyspnea did not reach statistical significance. Notably, high heterogeneity
was observed in several outcomes.

Conclusions. Nursing interventions yielded significant improvements for 6MWD, self-efficacy, anxiety, and
depression among COPD patients. However, theirimpact on hospitalization and QoL remains indeterminate,
necessitating further nuanced research to optimize and tailor nursing care strategies for this demographic.
Enhanced intervention standardization and larger, multicenter trials are warranted to confirm and expand
these findings.

Key words: quality of life, nursing, meta-analysis, chronic obstructive pulmonary disease
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Background

Chronic obstructive pulmonary disease (COPD) rep-
resents one of the most prevalent and impactful respira-
tory diseases globally. The World Health Organization
(WHO) lists it as the 3" leading cause of death, causing
approx. 3.3 million deaths worldwide.! The global burden
of COPD continues to increase, particularly in low- and
middle-income countries, with a significant economic im-
pact on healthcare systems.?

Defined by persistent respiratory symptoms and airflow
limitation due to airway and/or alveolar abnormalities,
COPD is typically caused by significant exposure to nox-
ious particles or gases.® Tobacco smoke, occupational
dust and chemicals, along with indoor and outdoor air
pollution, have been identified as primary risk factors for
the development of COPD.*

Clinical management of COPD poses numerous chal-
lenges. Patients with COPD often face recurrent exacer-
bations, which not only compromise their quality of life
(QoL) but also lead to hospital admissions, contributing
to the disease’s economic burden. Furthermore, the co-
morbidities associated with COPD, such as cardiovascular
diseases, osteoporosis and anxiety or depression, com-
pound the complexity of its management.®

Nursing care, as an integral component of COPD man-
agement, has evolved over the years. The shift towards
a patient-centered care approach has highlighted the piv-
otal role of nursing interventions in improving the QoL
of COPD patients, reducing hospitalizations and manag-
ing symptoms.® These interventions encompass a broad
spectrum, from health education and exercise training
to behavioral therapy and self-management programs.

Health education is one of the cornerstones of nursing
care interventions. Patients with COPD, when adequately
educated about their disease, its progression and potential
triggers, are more likely to adhere to treatment regimens
and actively participate in their care. Such education also
enables early recognition of exacerbations, thereby pre-
venting hospital admissions.”

Exercise training, especially pulmonary rehabilitation,
has proven to be highly beneficial for COPD patients. These
programs, often managed by nurses, focus on strength-
ening respiratory muscles, improving exercise tolerance
and enhancing overall wellbeing. Studies have consistently
shown that patients undergoing pulmonary rehabilitation
experience fewer hospital admissions, improved QoL and
better exercise capacity.®®

Behavioral therapies, including cognitive-behavioral
therapy, are also being integrated into nursing care in-
terventions for COPD patients. Such therapies, aiming
at addressing the psychological comorbidities of COPD,
have demonstrated improved mental health outcomes and
reduced hospital admissions.!

Self-management programs that empower patients
to take an active role in their care have gained significant
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traction in recent years. These programs, often facilitated
by nurses, provide COPD patients with tools and strate-
gies to manage their symptoms, monitor medication and
promptly respond to exacerbations.!! The importance
of nurse-led management programs for COPD patients
cannot be overstated. Nurses, with their detailed knowl-
edge and regular patient interactions, are ideally positioned
to lead these programs. They can provide continuous,
comprehensive education on the disease process, inhaler
techniques and lifestyle modifications. Moreover, nurse-
led programs facilitate improved communication between
patients and healthcare providers, enabling timely inter-
ventions and adjustments to treatment plans.

Given the diverse array of nursing interventions avail-
able for COPD management, it becomes imperative to as-
certain their efficacy through rigorous research. While
individual randomized controlled trials (RCTs) have pro-
vided insights into specific interventions, a comprehensive
synthesis through a systematic review and meta-analysis
can provide a clearer picture of the overall effectiveness
of nursing care interventions in managing COPD.

The importance of synthesizing existing evidence lies
in the fact that COPD, given its chronic nature, requires
long-term, holistic care. While pharmacological interven-
tions play an essential role, non-pharmacological strate-
gies, especially those delivered by nursing professionals,
can significantly impact patient outcomes, QoL and self-ef-
ficacy. With the increasing healthcare costs and the rising
global burden of COPD, there is a pressing need to identify
cost-effective and efficient strategies that can be integrated
into daily clinical practice.

Objectives

This systematic review and meta-analysis aims to syn-
thesize the evidence from RCTs on the effectiveness of var-
ious nursing care interventions in COPD management,
providing clinicians, policymakers and researchers with
valuable insights and directions for future research.

Methods

In alignment with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
guidelines,'? we systematically constructed and executed
this meta-analysis to assess the effect of nursing interven-
tions for COPD patients.

This review included studies involving patients di-
agnosed with chronic obstructive pulmonary disease
(COPD), regardless of age, gender, ethnicity, or geograph-
ical location. Eligible interventions focused on nursing
or nurse-led approaches provided in hospital or primary
care settings, compared to conventional care or non-nurse-
led interventions. The outcomes assessed encompassed
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physical parameters such as all-cause mortality, 6-minute
walk distance (6MWD), dyspnea, and hospitalization rates.
Mental health-related outcomes, including depression and
anxiety, were also considered, alongside measures of QoL
assessed through the St. George’s Respiratory Question-
naire (SGRQ), self-efficacy scores, and patient satisfaction.

Study design

Randomized clinical trials written in English from
the inception of the database until September 2023 were
included. Randomized clinical trials remain the gold stan-
dard for evaluating the efficacy of therapeutic interven-
tions. By synthesizing data from various RCTs on nursing
care interventions for COPD, we can draw more robust
conclusions, validate findings and potentially identify ar-
eas for future research. It is especially crucial given the het-
erogeneity in nursing interventions, patient populations,
healthcare settings, and outcomes measured across dif-
ferent studies.

Both peer-reviewed articles and grey literature were
sought to circumvent publication bias.

Information sources and search strategy

A comprehensive search was initiated on databases such
as MEDLINE, Cochrane Central Register of Controlled
Trials (CENTRAL), Scopus, CINAHL (Cumulative Index to
Nursing and Allied Health Literature), and OpenGrey. Ref-
erence lists of relevant articles and reviews were manually
scrutinized. Correspondence with authors was established
as required to obtain additional information or clarity.
Search terms combined “nursing,” “chronic obstructive pul-
monary disease” and each of the outcomes listed along with
appropriate Boolean operators like “AND,” “OR” and “NOT.”
Language (only publications in English) and time restric-
tions (up to September 2023) were applied. The full search
strategy can be found in the Supplementary Appendix.

Selection process

Rayyan was utilized to manage and categorize identified
studies. After discarding duplicates, the remaining articles
were critically evaluated for inclusion. Two authors (Y.D.
and L.Z.) independently assessed titles and abstracts of cap-
tured articles. They subsequently reviewed the full text
of potential inclusions. Consensus was reached either via
discussion or, if necessary, by involving a 3'¢ author (Y.\¥.).

Data collection process and data items

A standardized manual form was used by the same re-
searchers (Y.D. and L.Z.) for independent data extraction.
The information retrieved encompassed study attributes
like author information; journal; study title; year of publica-
tion; participant demographics like age, gender distribution,
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and comorbidities; intervention details in terms of nursing
type, frequency, duration, intensity, and follow-up; and all
of the outcome measures mentioned above.

Study risk of bias assessment

The Cochrane Risk of Bias 2 (RoB 2) tool was employed
to evaluate the risk of bias in included RCTs.!? Differences
in assessments between authors (X.X. and B.W.) were re-
solved through dialogue or consultation with a 3¢ authors
(YW).

This tool assesses the bias in 5 key domains. The 1% do-
main evaluates the bias arising from the randomization
process. It considers the random sequence generation and
allocation concealment mechanisms to determine if they
introduce any systematic differences between interven-
tion and comparison groups. The 2" domain examines
bias due to deviations from the intended interventions,
which might result from blinding inadequacies or other
reasons. The analysis is conducted for both participants
and study personnel to understand if the outcome mea-
surement is affected by knowledge of the received interven-
tion. The 3'¢ domain addresses bias arising from incom-
plete outcome data. Studies are scrutinized for dropout
rates, reasons for missing data, and whether appropriate
methods were used to handle such missing data. The 4"
domain focuses on bias introduced during outcome mea-
surement. It checks for blinding of outcome assessors and
determines if the outcomes were measured in the same
way across intervention groups. Bias in the final domain
arises when the reported outcome is selected from multiple
outcome measurements or analysis methods. It checks for
pre-specification and reporting consistency to ensure that
selective reporting does not affect the results.

Each domain is rated as “low risk,” “some concerns”
or “high risk” of bias. The overall risk for each study is then
categorized based on the domain with the highest risk. For
instance, if 1 domain is rated as “high risk,” the overall risk
for the study is also deemed “high.”

Effect measures and synthesis methods

The collected data were systematically synthesized
to draw consolidated findings. Meta-analysis was per-
formed, and pooled effect sizes were computed using
a random-effects model, given the expected variability
in populations, interventions and outcome measurement.'*
The primary measure of treatment effect for continuous
outcomes was the mean difference (MD) or standardized
mean difference (SMD) when different scales were used.
For dichotomous outcomes, risk ratios (RR) with 95% con-
fidence intervals (95% CIs) were computed. Each outcome
was presented in individual forest plots, showing the effect
size and CIs of individual studies and the pooled effect size.
All the analyses were conducted utilizing STATA v. 14.2
(StataCorp LLC, College Station, USA).
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The I? statistic was employed to quantify the extent
of variability in effect sizes that could not be explained
by sampling error alone. An I? value above 50% indicated
substantial heterogeneity.!* To assess the robustness of our
findings, sensitivity analyses were performed. This in-
volved excluding studies with a high risk of bias, conduct-
ing analyses with different statistical models or removing
studies with outlier results.

The symmetry of funnel plots was visually assessed
to detect potential biases, with specific consideration for
the distortions associated with using SMD as the effect size
measure. To mitigate these distortions and ensure a more
accurate assessment of publication bias and small-study ef-
fects, we employed an alternative precision estimate of 1/Vn
(i.e., nis the total sample size) in our funnel plot analyses.
This adjustment, based on sample size, was chosen in re-
sponse to documented concerns over SMD-related funnel
plot asymmetry, providing a more reliable foundation for
our statistical appraisal. Consequently, Egger’s regression
test was applied using this revised precision estimate, of-
fering a more statistically robust evaluation of funnel plot
symmetry and the potential presence of publication bias.
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Results
Search results and study selection

From an initial identification of 2,435 records in data-
bases, 621 duplicates were removed. Of the 1,814 records
screened, 1,707 were excluded, leading to 107 full-text ar-
ticles assessed for eligibility. Finally, 34 studies met the in-
clusion criteria (Fig. 1).15-48

Characteristics of the included studies

The included 34 studies investigating nurse-led inter-
ventions for patients with COPD originated from varied
global locales, including the USA, Turkey, China, and
the UK, between 2003 and 2022. Notably, the sample
size within the intervention arm across studies fluc-
tuates between 8 and 217 participants. While most
studies focused on patients aged 40 years and above,
interventions primarily revolved around telephonic sup-
port, home visits and various nurse-led programs, con-
trasting with control groups typically receiving usual

Identification of studies in databases and registers

) Fig. 1. Preferred Reporting ltems
for Systematic reviews and Meta-

Analyses (PRISMA) 2020 flowchart

Records identified from:
Databases (n = 2,435)
Registers (n = 0)

Identification

Records removed before screening:
Duplicate records removed
(n=621)

RCT - randomized controlled trial.

\ 4

Records screened
(n=1,814)

> Records excluded
(n=1,707)

\ 4

Reports sought for retrieval
(n=107)

\4

Reports not retrieved
(n=0)

v

Screening

Reports assessed for eligibility

Reports excluded: 71

(n=107)

A 4

Included

Studies included in the review
(n = 36)

Non-RCT (n = 37)

Different intervention (n = 25)

Different participants (n = 5)
Relevant outcomes
not reported (n = 4)
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Table 1. Characteristics of included studies (n = 34)

Authors and Sample Sample
Study Follow-up | sizeinin- size Study partici- Intervention Control group Risk
year of pub- [ Country . . . . . - .
lication period duration | tervention | in control pants details details of bias
arm arm
patients with
COPD with at least ) )
Shany et al. ) 1 hospital admis- AN OTE UG some
201715 Australia | 2009-2010 = 12 months 11 18 sion for COPD support‘a'nd home usual care con-
} visits cerns
exacerbation
in previous year
patients use of telecare some
Chauwft al, China NR 2 months 22 18 aged >60 years system with com- usual care con-
2012 with moderate munity nurse comns
or severe COPD Y
COPD patients with education manade-
Lietal PRYIRVC S AL ment of diseasg high
- China 2012-2013 | 19 months 30 31 and no change . usual care 9
2015 : ; by expert hospital risk
in the preceding NUrse
4 weeks of therapy
patients
aged >18 years
Cameron- with COPD and high
Tucker et al.,, Australia NR 8-12 weeks 35 30 present an exac- tele-rehabilitation usual care .g
18 ) risk
2016 erbation at least
2 months before
data collection
pecile- EETIES \?eunr:ilgr? ;)r;tse(er;i usual medical some
Zarate et al, Mexico NR 12 months 64 60 COPD with GOLD |, ) con-
i on personalized care
2013 11, I, or IV X cerns
counseling
patients
Wood-Baker ag\gnggsgrs health education high
etal, 20129 Australia NR 12 months 55 51 and hospitalized program by com- usual care ik
munity nurses
for acute exacer-
bations of COPD
he patients
B|sch2?ﬁ‘ el Nether- | 2004-2006 | 24 months 55 55 aged >35 years TV 937 P usual care low risk
2012 lands with COPD and mary care nurse
FVC < 0.7
patients with ) )
Utens et al, the COPD with GOLD discharge a55|§ted usual hospital high
» Nether- NR 3 months 70 69 L by community .
2012 I and hospitalized care risk
lands ) nurses
for exacerbations
patients with
COPD who are ox-
ygen dependent | integrated palliative some
Scheerens )
53 | Belgium NR 6 months 12 13 and 3 or more home care plan usual care con-
etal, 2020 T
hospitalization from nurses cerns
for COPD in last
3 years
patients with
COPD <45 years model of beliefs
Wang et al. ) with in health after routine nursing some
20142 China NR 3 months 42 4 FEVI/FVC < 70% | hospitalization from care con-
cerns
and FEV1 between nurses
30% and 80%
EETIE i nursing care based some
Let 25| China 2017 4 months 35 35 COPD with GOLD on information star_wdard nurs con-
2020 I, 11,10, 1V and - ing care cemns
FEVI1/FVC < 70% y
e | g
McEvoy, USA NR 12 months 108 107 _y . 9 standard care .g
20192 to communicate home visits and risk
over phone phone calls
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Table 1. Characteristics of included studies (n = 34) — cont.

Authors and Sample Sample
earof pub- | Countr Study Follow-up | sizeinin- size Study partici- Intervention Control group Risk
Y Iicatign Y period duration | tervention | in control pants details details of bias
arm arm
Song et al South moderate COPD face-to-face and
20]227 ! Korea NR 2 months 20 20 patients aged telephonic sessions usual care low risk
65-75 years from nurses
Jonsdottir COPD patients face-to-face and traditional high
etal, 20152 Iceland NR 12months 4 4/ aged 45-65 years telerf)rz?rzwsuszzsslons healthcare risk
COPD patient with
Walters ot al age >45 years telephonic men- staTSE;doaére
20132 " Australia NR 12 months 74 80 and smoking toring sessions intirventional low risk
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feae phone calls
patients with
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exacerbation
Wang et al,, ) patients with humanistic nursing = regular nursing high
20187 China 2016-2017 | 12 months 60 60 COPD care care rick
patients electronic monitor-
Cummin aged >45 years ing techniques and some
9 55 | Australia NR 12 months 36 32 with COPD and g techniq usual care con-
etal, 2010 tutoring by com-
who had at least . cerns
) munity nurses
1 exacerbation
patients with
COPD at severe
condition as per long term exercise
Nguyen, GOLD criteria: support mobiliza- no help from )
2009% USA NR BLileE 8 ? FEVI/FVC < 70%, tion with the help thenurse | 1O sk
FEV1% < 80% and of nurse
receiving supple-
mental oxygen
Heslop- patients with . )
Marshall UK NR 12 months 93 79 COPD with EZLS:\)E?;?E;I:VQ regular care hr:g:
etal, 2018% FEV1/FVC < 70% Py
Jolly et al COPD patients telephonic inter- some
2011/341 ! UK NR 12 months 217 256 with MRC ¥ scale vention of health usual care con-
in primary care training by nurses cerns
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Table 1. Characteristics of included studies (n = 34) - cont.

Authors and Sample Sample
Study Follow-up | sizeinin- size Study partici- Intervention Control group Risk
year of pub- [ Country . . . . . - .
lication period duration | tervention | in control pants details details of bias
arm
remote monitoring nursing as-
De San ) of vital parameters sistance data )
Miguel etal, | Australia NR 6 months 36 35 C.OPD patients with a telemedi- collection of vi- hl.gh
2 with O, at home . ) risk
2013 cine team assisted | tal parameters
by nurse only
patients with
COPD with GOLD nurse-led self-
;\éazr(w)%et al. China NR 12 months 77 77 ll,il!l?zrelg ?(;CL?S; management usual care hr:g:
P ) program
exacerbations
of COPD
moderate pulmonary reha-
Khoshkesht or severe bilitation by nurses routine nursing high
etal, 20154 Iran 2010-2011 | 3 months 35 35 COPD patients applylnvg Bandura care ik
aged >65 years technique self-
efficacy theory
patients with nurse-led psycho-
Deng et al COPD with logical, cognitive, high
%5 ! China 2010-2011 = 6 months 32 32 FEV1 60-25% behavioral, physical, = usual therapy 9
2013 ) } risk
post-bronchodi- and functional
lator therapy
COPD patients )
Egigéal" SK?)L;ES 2010-2011 | 6 months 78 73 with age between ni;ﬁiifdﬁg?em usual care hrll?:
40 and 80 years 9 by
Sorknaes patients with teleconsultations some
otal. 20134 Denmark NR 12 months 132 134 COPD with from hospital usual care con-
B FEV1/FVC < 70% nurses cerns
GOLD llland IV
- with no history
Akinci and of infections nurse-led home absence high
Olgun, Turkey | 2005-2007 | 3 months 16 16 X pulmonary rehabili- | of rehabilitation 9
20114 or exacerbation tation orogram risk
of respiratory
symptoms

COPD - chronic obstructive pulmonary disease; FEV1 — forced expiratory volume in 1's; FVC — forced vital capacity; GOLD - Global Initiative for Chronic

Obstructive Lung Disease; MRC — medical research council; NR - not reported.

or standard care. Risk of bias assessment showed varied
integrity with 13 studies labeled “high risk,” 17 entail-
ing “some concerns” and merely 6 assessed as “low risk.”
The intervention duration predominantly ranged from 2
to 24 months, with 7 studies not reporting the exact
study period (Table 1).

6MWD

A total of 7 studies encompassing 456 participants
were meticulously analyzed to discern the effectiveness
of nursing interventions against standard care, focusing
on 6MWD. The pooled analysis unveiled an overall SMD
of 0.628 (95% CI: 0.261 to 0.996; z = 3.348, p = 0.001), im-
plying a statistically significant change in the 6MWD, at-
tributable to the nursing interventions when compared
with the standard care (Fig. 2). Cochran’s Q statistic was
19.57 (p = 0.003), and the I” statistic was observed to be
69.3%, which further underscores the notable variability
among the enlisted studies. Sensitivity analysis did not

reveal any substantial variation in the estimates (Supple-
mentary Fig. 1). The funnel plot was slightly asymmetrical,
but Egger’s test indicated no potential publication bias
or other small-study effects in the meta-analysis, evidenced
by a nonsignificant bias coefficient (-3.18, p = 0.199) (Sup-
plementary Fig. 2).

Anxiety

A total of 9 studies, enrolling 1,544 participants, were
meticulously analyzed to discern the effectiveness of nurs-
ing interventions against standard care on anxiety scores
amongst COPD patients. The pooled analysis revealed
an overall SMD of —0.952 (95% CI: —1.719 to —0.186;
z =-2.434,p =0.015). This indicated a statistically signifi-
cant reduction in anxiety, attributable to the nursing inter-
ventions, compared with standard care (Fig. 3). Pertinently,
Cochran’s Q statistic was reported as 357.35 (p < 0.001) and
I? statistic at 97.8%, pointing towards a substantial level
of heterogeneity among the included studies.
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Upon executing a leave-one-out sensitivity analysis,
omitting each study in turn, the overall SMD in anxiety
outcomes due to nursing interventions among COPD pa-
tients ranged from —0.5259 to —1.0948. These findings af-
firm that the observed reduction in anxiety, SMD = —0.952
(95% CI: —1.719 to —0.186), remained robust and statisti-
cally significant across the analyzed studies (Supplemen-
tary Fig. 3). The funnel plot was slightly asymmetrical,
but Egger’s test indicated no potential publication bias
or other small-study effects in the meta-analysis, evidenced
by a nonsignificant bias coefficient (-8.15, p = 0.161) (Sup-
plementary Fig. 4).

Y. Dou et al. Nursing care for COPD: Meta-analysis

Depression

A systematic examination of 9 studies, incorporating
1,529 participants, was undertaken to discern the efficacy
of nursing interventions relative to standard care in manag-
ing depression among COPD patients. The meta-analysis,
employing a random-effects model, resulted in an overall
SMD of —0.952, substantiating a statistically significant
decrement in depression scores attributable to nursing in-
terventions (95% CIL: —1.631 to —0.272; z = —2.746, p = 0.006)
(Fig. 4). Substantial heterogeneity was manifested across
studies (Cochran’s Q = 284.36, p < 0.001; I* = 97.2%).

%

Study SMD (95% Cl) Weight
1
Akinci 2011 * : 0.33 (-0.37, 1.02) 12.22
Cameron-Tucker 2016 -+ ; 0.00 (-0.49, 0.49) 15.77
Hu 2022 —i—j:— 0.76 (0.24, 1.29) 15.11
Nguyen 2009 - 0.57 (-0.41, 1.54) 8.63
Song 2014 g i 0.27 (-0.35, 0.90) 13.42
Wang 2014 i—-?— 1.13 (0.68, 1.58) 16.43
Wang 2020 i —_— 1.10 (0.76, 1.44) 18.41
Overall, DL (I = 69.3%, p = 0.003) 0 0.63 (0.26, 1.00) 100.00
I I

-2

Fig. 2. Forest plot for 6-minute walk distance (6MWD)

2
NOTE: Weights are from random-effects model

DL - DerSimonian and Laird; 95% Cl - 95% confidence interval; SMD - standardized mean difference.

%

Study SMD (95% Cl) Weight
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Bucknall 2012 i -0.36 (-0.66, -0.07) 11.36
Heslop-Marshall 2018 i —- -0.36 (-0.66, -0.06) 11.35
Jolly 2018 A -0.18 (-0.36, -0.00) 11.48
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Walters 2013 I S 0.00 (-0.32, 0.32) 11.33
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Wood-Baker 2012 i —— 0.17 (-0.22, 0.55) 11.23
Overall, DL (I = 97.8%, p = 0.000) <> -0.95(-1.72,-0.19)  100.00
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5 0 5

Fig. 3. Forest plot for anxiety

NOTE: Weights are from random-effects model

DL - DerSimonian and Laird; 95% Cl - 95% confidence interval; SMD - standardized mean difference.
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Fig. 4. Forest plot for depression
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NOTE: Weights are from random-effects model

DL - DerSimonian and Laird; 95% Cl — 95% confidence interval; SMD - standardized mean difference.

Upon excluding each study one by one to assess the ro-
bustness of the results in a leave-one-out sensitivity analy-
sis, the consolidated effect size (SMD) varied from —0.627
to —1.069, consistently underscoring a statistically signifi-
cant reduction in depression scores attributed to nurs-
ing interventions across various iterations (Supplemen-
tary Fig. 5). The funnel plot was slightly asymmetrical,
but Egger’s test indicated no potential publication bias
or other small-study effects in the meta-analysis, evidenced
by a nonsignificant bias coefficient (—8.44, p = 0.101) (Sup-
plementary Fig. 6).

Self-efficacy

The meta-analysis involving 12 studies and 1,695 par-
ticipants indicated a statistically significant improve-
ment in self-efficacy outcome, with an SMD of 0.800
(95% CI: 0.361 to 1.240; z = 3.567, p < 0.001; Fig. 5) How-
ever, high heterogeneity was observed among the studies
(Cochran’s Q = 192.12, degrees of freedom (df) = 11,
p < 0.0001; I* = 94.3%). The sensitivity analysis, omitting
one study at a time and recalculating the pooled SMD for
self-efficacy outcomes, still revealed a consistent effect
size, indicating that the overall SMD (0.800; 95% CI:
0.0361 to 1.240) was not highly dependent on any single
study (Supplementary Fig. 7). The funnel plot was sym-
metrical, and Egger’s test indicated no potential pub-
lication bias or other small-study effects in the meta-
analysis, evidenced by a nonsignificant bias coefficient
(14.25, p = 0.124) (Supplementary Fig. 8).

Hospitalization

The pooled SMD from the meta-analysis, which included
8 studies and 1,464 participants, suggests a trend towards
reduced hospitalization outcomes (SMD = —0.797, 95% CI:
-1.611 to 0.018; p = 0.055), though it did not reach statis-
tical significance (Fig. 6). The high heterogeneity among
studies (I> = 97.8%, p < 0.001) indicated substantial vari-
ability in effect sizes across the included studies. Leave-
one-out sensitivity analysis suggests that the overall pooled
estimate was relatively stable and not overly influenced
by any single study (Supplementary Fig. 9). The funnel plot
was symmetrical, and Egger’s test indicated no potential
publication bias or other small-study effects in the meta-
analysis, evidenced by a nonsignificant bias coefficient
(-=6.06, p = 0.133) (Supplementary Fig. 10).

Quality of life

This analysis synthesizes the findings of 18 studies involv-
ing 2,179 participants, investigating the impact of nursing
interventions on the QoL of COPD patients using the SGRQ
as an outcome measure. The overall effect size (SMD) was
—0.299, but was not statistically significant (p = 0.311), and
there was substantial heterogeneity among study results
(I* = 97.3%), suggesting that the interventions’ impacts
on respiratory QoL varied widely across studies (Fig. 7).

The sensitivity analysis reveals that the overall estimate
of the impact on QoL marginally fluctuated when each
study was omitted one at a time, with a combined estimate
0f —0.2989. The 95% Cl ranged from approx. —0.877 to 0.279,
crossing 0, which indicates a non-significant overall effect
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Fig. 5. Forest plot for self-efficacy

DL - DerSimonian and Laird; 95% Cl — 95% confidence interval; SMD - standardized mean difference.
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Weights are from random-effects model
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Fig. 6. Forest plot for hospitalization

DL - DerSimonian and Laird; 95% Cl — 95% confidence interval; SMD - standardized mean difference.

(Supplementary Fig. 11). This insensitivity to the omission
of individual studies suggests that the meta-analysis was

Dyspnea

5

NOTE: Weights are from random-effects model

relatively robust. The funnel plot was symmetrical, and
Egger’s test output showed that the intercept (bias) was
—4.356, with a p-value of 0.727, which does not indicate
a significant publication bias (Supplementary Fig. 12).

Data from 6 studies, totaling 419 participants, were used
to evaluate the effect of nursing interventions on dyspnea
in managing COPD patients using a random-effects model.
The overall SMD was —0.102 (95% CI: —0.529 to 0.326;
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Fig. 7. Forest plot for quality of life
DL - DerSimonian and Laird; 95% Cl — 95% confidence interval; SMD - standardized mean difference.
p = 0.641), indicating no statistically significant effect Patient satisfaction

of the nursing interventions on dyspnea compared to usual
care across the included studies (Fig. 8). Notably, there was
significant heterogeneity among the studies (I> = 77.6%,
p < 0.001). Sensitivity analysis revealed that the overall
combined effect size, including all studies, was —0.102
(95% CI: —0.529 to 0.326). This CI crossed 0, indicating that
the overall effect size was not statistically significant. How-
ever, the analysis revealed that the omission of the study
by Akinci and Olgun*® changed the pooled effect size
to a significant value, suggesting that this particular study
might hold some weight or influence on the overall com-
bined results (Supplementary Fig. 13). The funnel plot
was symmetrical, and Egger’s test indicated no potential
publication bias or other small-study effects in the meta-
analysis, evidenced by a nonsignificant bias coefficient
(4.83, p = 0.229) (Supplementary Fig. 14).

This meta-analysis incorporated findings from 3 studies,
cumulatively analyzing data from 286 participants, to in-
vestigate patient satisfaction in COPD patients. The pooled
RR across the included studies was 1.151 (95% CI: 0.987
to 1.343) (Fig. 9). The test of the overall effect size was
calculated with a z-value of 1.795 and an associated p-
value of 0.073. Cochran’s Q was calculated to be 6.24, with
an associated p-value of 0.044 and I* statistic of 67.9%,
indicating a statistically significant level of heterogene-
ity. The sensitivity analysis revealed that the omission
of the study by Billington et al.?° changed the pooled effect
size to a significant value, suggesting that this particular
study might hold some weight or influence on the overall
combined results (Supplementary Fig. 15). The funnel plot
was symmetrical, and Egger’s test indicates no potential
publication bias or other small-study effects in the meta-
analysis, evidenced by a nonsignificant bias coefficient
(=0.20, p = 0.973) (Supplementary Fig. 16).
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Fig. 9. Forest plot for patient satisfaction

DL - DerSimonian and Laird; 95% Cl — 95% confidence interval.

All-cause mortality

This analysis comprehensively synthesized the find-
ings from a total of 5 studies involving 848 participants
to investigate the impact of various interventions on all-
cause mortality. The pooled RR across the analyzed
studies was 1.206, with a 95% CI ranging from 0.749
to 1.943 (Fig. 10). The overall effect was tested against
the null hypothesis of RR = 1 and did not reach statisti-
cal significance (z = 0.771, p = 0.441). The Cochran’s
Q value was 1.76 with df of 4, translating to a p-value
of 0.780, suggesting that there was no statistically sig-
nificant heterogeneity. Further, the I? statistic, which
describes the percentage of variation across studies due
to heterogeneity rather than chance, was 0%, indicating
no observed heterogeneity (with its 95% CI ranging from
0.0% to 41.6%). The sensitivity analysis did not reveal
any substantial variation in the estimates (Supplemen-
tary Fig. 17). The funnel plot was symmetrical, and Eg-
ger’s test indicates no potential publication bias or other

I
1.5

NOTE: Weights are from random-effects model

small-study effects in the meta-analysis, evidenced
by a nonsignificant bias coefficient (-0.76, p = 0.109)
(Supplementary Fig. 18).

Discussion

In light of the critical role of nursing interventions
in the management of COPD, this comprehensive review
was conducted to illuminate the impact of these inter-
ventions on multiple clinical and psychosocial outcomes.
The cumulative findings indicate a variable impact of nurs-
ing interventions on distinct domains of patient outcomes
among individuals with COPD.

Regarding physical and functional capacity, there was
a significant improvement in the 6MWD, with an SMD
of 0.628. This underscores the potential benefit of nursing
interventions in bolstering the exercise capacity of individu-
als with COPD, which is pivotal, considering the integral
role of functional capacity in sustaining autonomy and QoL.
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Fig. 10. Forest plot for all-cause mortality

DL - DerSimonian and Laird; 95% Cl — 95% confidence interval.

Anxiety and depression are paramount considerations
in COPD management due to their prevalence and detri-
mental influence on adherence to treatment, health status
and clinical outcomes. The evidence from this meta-anal-
ysis elucidates a statistically significant reduction in both
anxiety and depression, aligning with some previous lit-
erature that has emphasized the efficacy of nursing care
in enhancing psychological wellbeing through various
strategies, such as patient education, behavioral interven-
tions and self-management facilitation.**5

Contrastingly, although there was a trend toward re-
duced hospitalization (SMD = —0.797, p = 0.055) and im-
proved QoL (SMD = -0.299, p = 0.311), these effects did
not reach statistical significance.

Compared with prior research,*° these results may
reflect the inherent complexity and multifactorial nature
of these outcomes, which can be influenced by numerous
variables, including disease severity, comorbidities and
social determinants of health, which are not solely contin-
gent upon the quality or extent of nursing interventions.

In the context of self-efficacy, our findings illustrate
a significant positive impact — an outcome that aligns
with the theoretical underpinnings of self-management
interventions, which often empower patients with skills
and knowledge that foster a greater sense of control over
their condition. Comparatively, the finding that nursing
interventions did not exert a statistically significant im-
pact on dyspnea diverges from some prior studies, which
may be attributed to the variance in intervention types,
delivery and the patient populations involved. This affirms
the necessity for a nuanced understanding and application
of nursing strategies, ensuring they are adeptly tailored
to the multifaceted needs of COPD patients, potentially
involving a multidisciplinary approach.

Given the importance of self-management in COPD care,
it is imperative to highlight the interplay between self-
management and the comorbidities often encountered
by these patients. Effective self-management in COPD
is not solely about managing the pulmonary symptoms
but also entails a comprehensive approach that includes

managing coexisting conditions such as cardiovascular
disease, diabetes and anxiety/depression. This holistic ap-
proach is crucial, as these comorbidities can significantly
impact patients’ overall health status, their ability to en-
gage in self-management practices and their responses
to nursing interventions.

Furthermore, the effectiveness of nurse-led interven-
tions is intrinsically linked to their ability to enhance self-
management capabilities in patients with COPD. Nursing
interventions that focus on education, skill development
and psychological support are designed to empower pa-
tients, enabling them to manage not only their respiratory
symptoms but also the broader aspects of their health.
This encompasses adherence to medication, recognition
of exacerbation signs, lifestyle modifications, and cop-
ing strategies in dealing with the psychological burdens
of the disease and its comorbidities.

The results from this meta-analysis necessitate a judi-
cious interpretation. A critical assessment of the efficacy
of nursing interventions underscores their potential role
in enhancing physical, psychological and functional out-
comes in COPD management, thereby advocating for their
integration into routine clinical practice. These findings
underscore the value of nursing professionals in the man-
agement of COPD, propelling the potential for targeted,
patient-centered care, and also advocate for the integration
of nursing interventions into conventional management
protocols for COPD while emphasizing the indispensable
role of nurses in enhancing patient-centered outcomes.

For nursing professionals and clinical practice, this study
reaffirms the importance of targeted interventions for COPD
patients and highlights domains such as psychological well-
being and functional capacity as particularly responsive
to such interventions. Furthermore, it reiterates the need
for an individualized, patient-centered approach, consider-
ing the varied responses across different outcome domains.

This meta-analysis leverages robust methodological
rigor and comprehensive data synthesis across numer-
ous studies to provide a broad perspective on the impact
of nursing interventions across various outcome domains.



706

The sensitivity analysis also revealed that the findings
of the study were credible and not sensitive to single study
effects. This meta-analysis included only RCTs, the high-
est level of evidence to provide more reliable estimates,
essential for making decisions regarding the implementa-
tion of the nursing interventions into the routine practice.

The relationship between nurse-led interventions and
patient self-management in COPD is a critical area for ex-
ploration. The success of these interventions often hinges
on their ability to foster an environment where patients
feel capable and confident in managing their condition.
This includes navigating the complexities introduced
by comorbid conditions, which can complicate the man-
agement of COPD. By addressing these multifaceted
needs, nurse-led programs can significantly contribute
to the effectiveness of self-management practices among
COPD patients. This, in turn, underscores the necessity
for these interventions to be patient-centered and tai-
lored to the individual’s specific health profile, including
comorbidities.

While providing valuable insights, this study also paves
the way for future research. A more in-depth exploration
is needed to decipher the elements within nursing inter-
ventions that are most potent in driving positive outcomes
in COPD management. Additionally, research investigat-
ing the longitudinal impacts of nursing interventions,
the optimization of their implementation in varied health-
care contexts and the identification of patient subgroups
who derive maximal benefit would be worthwhile. Future
research with rigorous design, adequate power and meticu-
lous reporting will further contribute to the evidence base,
making it possible to delineate the role and optimization
of nursing interventions in COPD management.

Limitations

Nevertheless, it is imperative to acknowledge the present
study’s limitations. The evident heterogeneity among some
of the included studies, particularly in areas such as anxi-
ety and depression, is indicative of variability in study de-
signs, populations and interventions, potentially influenc-
ing the collective findings. Furthermore, the risk of bias
assessment unveiled varied integrity among the studies,
with several marked as “high risk,” potentially affecting
the credibility and generalizability of the findings.

Another limitation resides in the potential influence
of unaccounted confounding variables such as vary-
ing healthcare systems, practitioner expertise, intensity
of the management program, follow-up, method of con-
ducting the patient, and patient adherence, which might
have influenced the observed outcomes and heterogene-
ity. Furthermore, the varying duration of interventions
across the studies presents a potential variable that could
influence the results and is not systematically evaluated
within this paper.

Y. Dou et al. Nursing care for COPD: Meta-analysis

Conclusions

This review underlines the significant potential of nurs-
ing interventions in enhancing certain domains of out-
comes for individuals with COPD, specifically in areas such
as exercise capacity, anxiety, depression, and self-efficacy.
Although variable impacts are observed across different
outcome domains, these findings herald the value of nurs-
ing interventions as a crucial component of comprehen-
sive COPD management. Harnessing these insights and
refining and understanding these interventions will be
pivotal in evolving the holistic, patient-centered manage-
ment of COPD, thus optimizing patient outcomes and QoL
in this prevalent and impactful condition.
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Abstract

Background. Cardiovascular diseases (CVDs) are highly prevalentamong patients with rheumatoid arthritis
(RA). Epicardial adipose tissue, serum betatrophin, chemerin, and adropin levels are factors associated with
atherosclerosis and cardiovascular involvement.

Objectives. This study aimed to investigate the relationship between RA and epicardial fat thickness (EFT),
as well as serum betatrophin, chemerin and adropin levels.

Materials and methods. This cross-sectional study included 80 patients (62 women and 18 men) diag-
nosed with RA according to the American College of Rheumatology/ The European Alliance of Associations for
Rheumatology (ACR/EULAR) 2010 RA classification criteria and 80 healthy controls (64 women and 16 men).
Exclusion criteria comprised other autoimmune diseases, CVDs, diabetes mellitus, other endocrine disorders,
acute or chronic pancreatic disorders, malignancy, pregnancy, breastfeeding, or antihyperlipidemic drug
usage. Serum betatrophin, chemerin and adropin concentrations were measured. Epicardial fat thickness
was evaluated with transthoracic echocardiography.

Results. Adropin levels were significantly lower in the RA group compared to the control group (p < 0.001).
Chemerin levels and EFT were significantly higher in the RA group than in the control group (p = 0.016,
p < 0.0071, respectively). When assessing the relationship between biomarkers and EFT in RA patients,
a strong positive correlation was observed between chemerin and EFT (r = 0.73, p = 0.046) in patients
with high disease activity.

Conclusions. Epicardial fat thickness, as an indicator of cardiovascular involvement, is higher in patients
with RA. Moreover, high chemerin levels and low adropin levels in these patients may be indicative of car-
diovascular involvement.

Key words: rheumatoid arthritis, chemerin, epicardial fat thickness, betatrophin, adropin
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Background

Rheumatoid arthritis (RA) is a degenerative chronic
rheumatic disease that affects the small peripheral syno-
vial joints symmetrically, resulting in joint abnormalities
and loss of function.! According to traditional cardiovas-
cular risk factors, the prevalence of cardiovascular disease
(CVD) is higher in RA patients than in the general popu-
lation.? Patients with RA have a limited understanding
of the factors associated with their condition that place
them at increased risk of CVD.3 The increased mortality
associated with RA is due to severe comorbidities that
frequently induce inflammation and are inadequately
treated.* Numerous studies have demonstrated that RA
is associated with a higher risk of death from cardiovas-
cular causes.>®

Up to 80% of the heart’s surface is covered with epicar-
dial fat tissue, which is located between the visceral peri-
cardium and myocardium.” Visceral adipose tissue plays
asignificant role in the pathophysiology of coronary artery
disease (CAD).® This disease may develop due to factors
such as epicardial fat tissue being adjacent to the coronary
vessels or sharing the same microcirculation as the myo-
cardium, local inflammation or paracrine effects.’

Betatrophin (also known as C190RF80, RIFL, ANGPTLS,
or lipasin) is a newly discovered circulatory hormone syn-
thesized in the human liver that promotes glucose and
lipid metabolism.'*!! Betatrophin, which is thought to play
a role in lipid metabolism and glucose homeostasis, may
be associated with high cardiovascular risk and dysfunc-
tional lipid metabolism.!° Chemerin is a recently discov-
ered adipokine that regulates inflammation, angiogenesis
and adipogenesis. It is a chemoattractant adipokine identi-
fied in immune cells and white adipose tissue, potentially
triggering multiple proinflammatory processes in RA,
possibly by stimulating synovial fibroblasts.!?> Adropin
is a newly identified peptide consisting of 76 amino acids
with a molecular weight of 4,499.9 Da. It has been studied
for its hormonal role in preserving endothelial cell func-
tion. It has been found in the brain and liver of rats, and its
expression is associated with a gene that regulates energy
homeostasis.!* Adropin has been shown to independently
suppress atherosclerosis, irrespective of glucose and lipid
metabolism and blood pressure.'*

Objectives

The objective of this study was to investigate the rela-
tionship between RA and epicardial fat thickness (EFT),
as well as betatrophin, chemerin and adropin levels
in the blood of study participants.

B. Ekinci et al. RA and EFT, betatrophin, chemerin, adropin

Materials and methods
Study population

The study was conducted with patients admitted
to the Physical Medicine and Rehabilitation outpatient
clinic of Mengucek Gazi Training and Research Hospital
(Erzincan, Turkey) between June 2020 and June 2021. Eighty
RA patients (62 women and 18 men) diagnosed according
to the ACR/EULAR 2010 RA classification criteria and
80 healthy controls (64 women and 16 men) were included
in the study. The ACR/EULAR RA classification criteria in-
cluded duration of symptoms, joint involvement, anti-cyclic
citrullinated peptide (anti-CCP) and rheumatoid factor (RF)
positivity, and acute phase reactants.'® Patients’ gender, age,
waist circumference, and body mass index (BMI) were re-
corded. Informed consent was obtained from all subjects, and
permission to conduct the study was granted by the Clini-
cal Research Ethics Committee of Erzincan Binali Yildirim
University, Turkey (dated March 3, 2020, No. 11665).

The DAS-28 remission criteria, including C-reactive pro-
tein (CRP), swollen and tender joint counts, and assess-
ments of general health, were used to determine disease
activity.'® The Steinbrocker classification of functional ca-
pacity was used to assess functional status.!” The healthy
controls consisted of outpatients with acute musculoskel-
etal pain but no chronic inflammatory disease. They had
no clinical history, laboratory or examination findings
suggestive of RA. Both groups completed the Short Form-
36 Health Survey Questionnaire (SF-36) to assess quality
of life, and the visual analogue scale (VAS) to measure
pain intensity.

Measurement of EFT

Epicardial fat thickness was measured from the echolu-
cent area between the epicardial surface in front of the free
wall of the right ventricle and the parietal pericardium.
Measurements were taken at the end-diastole. During
EFT measurement, each patient was placed in the left lat-
eral decubitus position to obtain an optimal parasternal
long-axis view. The aortic root and the interventricular
septum were used as reference points for measurement
from the parasternal long-axis view. Measurements were
made by placing the aortic annulus and right ventricular
free wall on the midline of the ultrasound waves and using
the aortic root as a reference.!®? All measurements were
performed transthoracically using a Philips HD 11XE echo-
cardiography device (Koninklijke Philips N.V., Eindhoven,
the Netherlands). According to a systematic review by Ber-
taso et al., a cutoff value of >5 mm was accepted for EFT.!®

Patients with other autoimmune diseases, CVD, diabetes
mellitus, endocrine disorders, acute and chronic pancre-
atic disorders, malignancy, pregnancy, breastfeeding, and
those using antihyperlipidemic drugs were excluded from
the study.
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Measurement of plasma adropin,
chemerin and betatrophin levels

After 8 h of fasting, blood samples were obtained from
the antecubital vein in the morning and collected into
vacuum gel tubes. The serum was separated by centrif-
ugation of the samples at 5,000 rpm for 20 min at 4°C
within 1 h of collection. Samples were stored at —80°C until
analysis and were thawed only once before the analysis.
Complete blood count, CRP, erythrocyte sedimentation
rate (ESR), triglycerides, low-density lipoprotein (LDL),
high-density lipoprotein (HDL), total cholesterol, and
glucose levels were assessed from fresh blood samples.
The levels of plasma adropin, chemerin and betatrophin
(USCN, human adropin, chemerin, betatrophin ELISA kit)
were determined using an enzyme-linked immunosorbent
assay (ELISA). The absorbances of standards and samples
were read at 450 nm (with correction at 540 nm) using
an Epoch spectrophotometer (BioTek Instruments, Inc.,
Winooski, USA).

Statistical analyses

The statistical analyses were performed using IBM SPSS
for Windows, v. 22.0 (IBM Corp., Armonk, USA). Results
for categorical data are presented as numbers and per-
centages, and for continuous variables as mean * standard
deviation (+SD). The X2 test was used for the analysis of cat-
egorical data. The assumption of normality for continu-
ous variables was checked using the Kolmogorov—Smirnov
test. Depending on the normality of the variables, either
the Mann—Whitney U test or Student’s t-test was applied.
Pearson’s or Spearman’s correlation tests were used to eval-
uate the relationship between variables. A p-value less than
0.05 was considered statistically significant.

Results

Table 1 displays the baseline characteristics of 80 RA pa-
tients and 80 healthy controls. The RA patients and healthy
controls did not differ significantly in terms of age, gender,
BMI, waist circumference, and smoking status.

The RA group had a mean disease duration of 120.5 +98.6
months, with a mean RF value of 70.7 £127.5 months. Anti-
CCP was positive in 44 (55%) patients and negative in 36
(45%) patients. The mean DAS-28 score was 3.81 +0.66.
According to their DAS-28 scores, 18 patients (22.5%) had
low disease activity, 54 patients (67.5%) had moderate dis-
ease activity and 8 patients (10%) had high disease activity.

Compared to the control group, the RA patients had
significantly higher platelet-to-lymphocyte ratio, neu-
trophil-to-lymphocyte ratio, CRP, ESR, monocytes, and
neutrophils. The RA group also had significantly lower
red blood cell counts and mean platelet volume compared
to the control group. There were no significant differences

m

between the 2 groups for glucose, total cholesterol, HDL,
LDL, triglycerides, white blood cell count, hemoglobin,
hematocrit, platelet count, and lymphocytes (Table 2).
There was no difference between RA patients and
the control group in terms of betatrophin serum levels
(0.28 £0.24 vs 0.23 +£0.20, respectively; p = 0.466). Adropin

Table 1. Demographic and clinical features of patients

Parameters p-value
control
female 62 (77.5) 64 (80.0)
Sex 0.699
male 18 (22.5) 16 (20.0)
Age [year] 519+113 49.7 £9.9 0.215
Weight [kg] 70.1 £86 69.8 +10.8 0.279
Height [cm] 162.2 +6.7 163.6 +7.5 0.346
BMI [kg/mz] 26.7 £3.0 26.0+3.1 0.680*
Waist circumference [cm] 914483 87.4+10.2 0.793*
; non-smoker 74 (92.5) 78 (97.5)
Smoking 0147
status smoker 6(7.5) 2(25)
VAS [mm] 619+17.6 46.0 +14.4 <0.001*
SF-36 738 9.7 937 +5.2 <0.001

RA - rheumatoid arthritis; BMI — body mass index; VAS - visual analogue
scale; SF-36 — short form-36; *independent samples Student’s t-test;
otherwise, Mann-Whitney U-test was performed.

Table 2. Laboratory findings of study groups

Parameters Group p-value
control

CRP [mg/L] 10.5£12.2 3.7 +1.1 <0.001
ESR [mm/h] 2304192 82457 <0.001
Glucose [mg/dL] 99.8 +£30.9 952 +135 0.618
Total cholesterol [mg/dL] 192.7 359 186.8 +35.9 0.092
HDL [mg/dL] 51.7 £109 53.1+11.2 0.235
LDL [mg/dL] 122.5£286 120.8 £29.9 0.706
Triglyceride [mg/dL] 134.0 +72.1 1133 +53.9 0.090
WBC [x10%/uL] 73420 6.8+14 0.128
RBC [x10°] 4.7 £0.5 48 £04 0.044*
Hb [g/dL] 13314 13715 0.063
Hct [%] 40.6 £3.9 409436 0.608*
Mpv [fl] 10.2 £0.9 104 £0.9 0.026
Plt [x107] 2768 £644 | 263.0+£503 0.134*
Lymphocytes [x107] 2.1+08 23+06 0.087
Monocytes [x10%] 0.58 £0.16 0.51+0.13 0.010
Neutrophils [x10°] 45+£16 3811 0.008
NLR 2417 1.8+0.7 0.002
PLR 146.5 £60.9 122.0 £36.7 0.024

RA - rheumatoid arthritis; CRP — Greactive protein; ESR — erythrocyte
sedimentation rate; WBC — white blood cells count; RBC - red

blood cells count; Hb — hemoglobin; Hct — hematocrit, Mpv — mean
platelet volume; Plt - platelets; NLR — neutrophils/lymphocytes rate;

PLR - platelets/lymphocytes rate; *independent samples t-test; otherwise,
Mann-Whitney U test was performed.



712 B. Ekinci et al. RA and EFT, betatrophin, chemerin, adropin
1.24 800 o
1.0 T

5 600

= 0.8 3

£ jary

5 E

= o 2

=3 0.6 ‘= 400

£ S

S =

8 04 <

200

0.2
0.0+ 0+
R'A céntrol RA ' cont'rol
124 . 124 °
* * 10 -
10 = -

£

= 8- E. 81
£ 2
= S

é 6 x * =
[} w
e * K]

5 4 : ° 5 4
=
[}

21 24

04 04

RA colntrol RA I contlrol

Fig. 1. Betatrophin, adropin, chemerin, and epicardial fat thickness (EFT) levels in the study groups

RA — rheumatoid arthritis.

Table 3. The serum values of biomarkers and EFT in study groups

Group
Parameters

p-value

control

Betatrophin [ng/mL] 0.28 £0.24 0.23 £0.20 0.466
Adropin [pg/mL] 253.3£1325 384.3£152.0 <0.001*
Chemerin [ng/mL] 1374248 1.25+1.55 0.016
EFT [mm] 57126 3716 <0.001

EFT - epicardial fat thickness; RA - rheumatoid arthritis; *independent
samples Student’s t-test; otherwise, Mann-Whitney U test was performed.

levels were lower in the RA group compared to controls
(p < 0.001). Chemerin levels and EFT were higher in the RA
group compared to the control group (p = 0.016, p < 0.001,
respectively) (Table 3, Fig. 1).

In the RA group, patients with low disease activity accord-
ing to the DAS-28 had lower EFT (4.4 £1.76 mm) compared
to those with moderate/high disease activity (6.0 +2.7 mmy;
p = 0.040). Levels of betatrophin, adropin and chemerin did
not differ significantly based on disease activity.

The study groups were also compared according
to the median value of EFT (EFT <5 mm or EFT =5 mm).
The proportion of patients with high EFT (EFT = 5 mm)
was 57.5% in the RA group and 20% in the control group.
The proportion of patients with EFT > 5 mm was sig-
nificantly higher in the RA group compared to the control
group (p < 0.001).

A weak positive correlation was found between BMI and
betatrophin in the RA group (r = 0.28, p = 0.011). Both
the RA and control groups showed a weak positive corre-
lation between BMI and EFT (for RA: r = 0.24, p = 0.029;
for control: r = 0.27, p = 0.016). There was no correlation
between CRP and the biomarkers. There was a moder-
ate positive correlation between age and EFT (r = 0.49,
p < 0.001) in the RA group, whereas this correlation was
weak (r = 0.29, p = 0.010) in the control group.

When evaluating the relationship between biomarkers
and EFT in RA patients, a strong positive correlation was
found between chemerin and EFT (r = 0.73, p = 0.046)
in patients with high disease activity.
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Discussion

In this study, EFT was higher in RA patients than in con-
trols. Serum chemerin levels were also higher in RA pa-
tients. Conversely, serum adropin levels were lower in RA
patients. There was a correlation between chemerin and
EFT, and a relationship was found between disease activ-
ity and EFT.

Ormseth et al. reported that patients with RA had
a higher EFT associated with cardiometabolic risk fac-
tors and metabolic syndrome compared to the control
group. Similar to the present study, they also reported
correlations between EFT, waist circumference and BMIL.2°
On the other hand, Kitagawa et al. reported that macro-
phage infiltration and neoangiogenesis, demonstrated with
immunohistochemical staining on EFT, correlated with
calcific and non-calcific plaque formation in the coronary
arteries on cardiac computed tomography (CT).%

Karpouzas et al. evaluated epicardial fat tissue volumes
(EFTVs) in RA patients and controls using CT angiogra-
phy. They reported a higher plaque load and the presence
of non-calcified plaques in the EFTV of RA patients, al-
though similar EFTVs were found between RA patients
and controls.?? This demonstrates that epicardial fat tissue
promotes atherogenesis through inflammation, biologi-
cal dysfunction and paracrine effects through a mecha-
nism other than traditional risk factors (e.g., metabolic
syndrome, insulin resistance and abdominal visceral fat).
Epicardial fat thickness may have a more pathogenic ef-
fect on the development of subclinical atherosclerosis and
cardiovascular risk in RA. The relationship between severe
disease activity and EFT could indicate an increased car-
diovascular risk in these patients.

Chemerin, a proinflammatory adipokine, activates
the chemotaxis of macrophages, natural killer cells and
dendritic cells. It increases the production of tumor ne-
crosis factor alpha (TNF-a), interleukin (IL)-6, IL-1B, ma-
trix metalloproteinase (MMP)-1, and MMP-8 in human
chondrocytes.?? ChemR23, or the CMKLR receptor, is ex-
pressed in macrophages, dendritic cells and fibroblast-like
synoviocytes, and has been associated with both adaptive
and innate immunity.!? Tolusso et al. found that plasma
chemerin values were correlated with disease activity and
BMI in RA patients.?* They also found that a reduction
in BMI of at least 5% improved disease control in obese
RA patients without changing the RA treatment. Vazquez-
Villegas et al. demonstrated a relationship between high
chemerin levels and functional disability in RA patients
and found a correlation between functional disability and
DAS-28.% Leiherer et al. demonstrated that chemerin was
a strong predictor of cardiovascular events in individu-
als with metabolic syndrome.?® The present study found
that chemerin levels increased in patients with RA, and
there was a correlation between serum chemerin levels
and EFT. This suggests that patients with RA have an in-
creased risk of CVD.
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Adropin plays a role in lipid metabolism (by suppressing
carnitine palmitoyl-transferase) and glucose metabolism
(by activating pyruvate dehydrogenase).?” Gao et al. re-
ported that in a diet-dependent mouse model, adropin
34-76 suppressed cAMP-activated protein kinase A activ-
ity and reduced the phosphorylation of inositol triphos-
phate receptor and element-binding protein. Thus, they
stated that adropin increased intracellular signaling ac-
tivities in insulin-mediated glucose homeostasis.?® Lovren
etal. showed that adropin decreased the level of apoptosis
caused by TNF-a in human umbilical vein endothelial
cells.?” Impaired endothelial function is the triggering fac-
tor for the development and progression of cardiovascular,
metabolic, inflammatory, renal, and infectious diseases,
with atherothrombosis having the most notable patho-
logical effect. Several investigations have revealed that
adropin levels are lower in the blood of people with CAD,
coronary slow flow phenomenon and hypertension com-
pared to those in control groups.30-32

Wu et al. included individuals with and without type 2
diabetes in a study to evaluate the link between blood adro-
pin levels and the angiographic severity of coronary athero-
sclerosis. They found that serum adropin levels were lower
in patients with type 2 diabetes. Furthermore, they dis-
covered that these levels were inversely and independently
associated with the angiographic severity of coronary ath-
erosclerosis.?® Butler et al. found that rats fed a high-fat
diet had significantly elevated adiponectin levels in their
blood, along with significant changes in insulin sensitivity
and glucose intolerance.* They also stated that adropin
plays a role in protecting the endothelium and maintain-
ing its functions. Similarly, the present study revealed that
adropin levels were found to be low in patients with RA.

Erman et al. reported that obese patients had low serum
adropin levels, with 216.7 ng/L being the optimal cutoff
point to detect insulin resistance.® Fujie et al. reported
that adropin levels decreased with age and increased with
an aerobic exercise program.® Tuleab et al. reported that
adropin levels in the serum of RA patients were noticeably
lower than in the control group.?” Similarly, low serum
levels of adropin were observed in individuals with RA
in the current study.

We found that patients with RA had higher EFT levels
than the control group. There was a connection between
age, BMI, waist circumference, and exercise intensity.
It was discovered that patients experiencing intense ill-
ness activity had higher EFT. Patients diagnosed with RA
had a higher EFT, indicating cardiovascular involvement.
Additionally, serum chemerin levels were higher in pa-
tients with RA. Conversely, serum adropin levels were
lower in RA patients. Low serum adropin levels may re-
duce endothelium protection and may induce or accelerate
the progression of atherosclerosis.?* Recent studies suggest
that chemerin is important in the pathogenesis of CVD,
particularly CAD.340
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Limitations

There were 3 significant limitations to our investiga-
tion. First, this was a cross-sectional analysis focusing
on the relationship between RA and EFT, serum betatro-
phin, chemerin, and adropin levels. Second, the sample
size was somewhat limited. Third, because this was not
a prospective controlled trial, causal relationships could
not be inferred from our findings.

Conclusions

Measurement of EFT in patients with RA may assist
in determining cardiovascular risk and enable early pre-
cautions to be taken. Given that patients with RA have
a higher risk of developing CVD, it is hypothesized that
elevated serum chemerin levels combined with decreased
adropin levels contribute to the pathophysiology of this
condition.

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.

ORCID iDs
Bilge Ekinci @ https://orcid.org/0000-0002-7520-0205

Cuma Mertoglu @ https://orcid.org/0000-0003-3497-4092

Resit Coskun @ https://orcid.org/0000-0002-0312-2009

Yusuf Kemal Arslan @ https://orcid.org/0000-0003-1308-8569
Taha Abdulkadir Coban @ https://orcid.org/0000-0003-1711-5499
Fatih Ozcicek @ https://orcid.org/0000-0001-5088-4893

References

1. Aletaha D, NeogiT, Silman AJ, et al. 2010 rheumatoid arthritis classi-
fication criteria: An American College of Rheumatology/European
League Against Rheumatism collaborative initiative. Arthritis Rheum.
2010;62(9):2569-2581. doi:10.1002/art.27584

2. Chung CP, Oeser A, Solus JF, et al. Prevalence of the metabolic syn-
dromeisincreased in rheumatoid arthritis and is associated with coro-
nary atherosclerosis. Atherosclerosis. 2008;196(2):756-763. doi:10.1016
/j.atherosclerosis.2007.01.004

3. TeohBC, Syed Sulaiman SA, Tan BE. Knowledge of cardiovascular dis-
ease risk in rheumatoid arthritis patients before and after educational
intervention from a Southeast Asia country: Malaysia. Arch Rheumatol.
2020;36(1):1159. doi:10.46497/ArchRheumatol.2021.7726

4. Gabriel SE. Why do people with rheumatoid arthritis still die pre-
maturely? Ann Rheum Dis. 2008;67(Suppl 3):iii30-iii34. doi:10.1136/
ard.2008.098038

5. Avifa-Zubieta JA, Choi HK, Sadatsafavi M, Etminan M, Esdaile JM,
Lacaille D.Risk of cardiovascular mortality in patients with rheumatoid
arthritis: A meta-analysis of observational studies. Arthritis Care Res
(Hoboken). 2008;59(12):1690-1697. doi:10.1002/art.24092

6. Meune C, Touze E, Trinquart L, Allanore Y. Trends in cardiovascular
mortality in patients with rheumatoid arthritis over 50 years: A sys-
tematic review and meta-analysis of cohort studies. Rheumatology.
2009;48(10):1309-1313. doi:10.1093/rheumatology/kep252

20.

21.

22.

23.

24.

25.

B. Ekinci et al. RA and EFT, betatrophin, chemerin, adropin

Monti M, Monti A, Murdolo G, et al. Correlation between epicardial fat
and cigarette smoking: CT imaging in patients with metabolic syn-
drome. Scand Cardiovasc J. 2014;48(5):317-322. d0i:10.3109/14017431.
2014.942872

Ohman MK, Luo W, Wang H, et al. Perivascular visceral adipose tis-
sue induces atherosclerosis in apolipoprotein E deficient mice.
Atherosclerosis. 2011;219(1):33-39. doi:10.1016/j.atherosclerosis.2011.
07.012

Sacks HS, Fain JN, Cheema P, et al. Inflammatory genes in epicar-
dial fat contiguous with coronary atherosclerosis in the metabolic
syndrome and type 2 diabetes. Diabetes Care. 2011;34(3):730-733.
doi:10.2337/dc10-2083

. Quagliarini F, Wang Y, Kozlitina J, et al. Atypical angiopoietin-like pro-

tein that regulates ANGPTL3. Proc Natl Acad Sci U S A. 2012;109(48):
19751-19756. d0i:10.1073/pnas.1217552109

. Fu Z, Yao F, Abou-Samra AB, Zhang R. Lipasin, thermoregulated in

brown fat, is a novel but atypical member of the angiopoietin-like
protein family. Biochem Biophys Res Commun. 2013;430(3):1126-1131.
doi:10.1016/j.bbrc.2012.12.025

. Kaneko K, Miyabe Y, Takayasu A, et al. Chemerin activates fibroblast-like

synoviocytes in patients with rheumatoid arthritis. Arthritis Res Ther.
2011;13(5):R158. doi:10.1186/ar3475

. Kumar KG, Trevaskis JL, Lam DD, et al. Identification of adropin as

a secreted factor linking dietary macronutrient intake with energy
homeostasis and lipid metabolism. Cell Metab. 2008;8(6):468-481.
doi:10.1016/j.cmet.2008.10.011

. Sato K, Yamashita T, Shirai R, et al. Adropin contributes to anti-ath-

erosclerosis by suppressing monocyte-endothelial cell adhesion
and smooth muscle cell proliferation. Int J Mol Sci. 2018;19(5):1293.
doi:10.3390/ijms19051293

. Neogi T, Aletaha D, Silman AJ, et al. The 2010 American College

of Rheumatology/European League Against Rheumatism classifica-
tion criteria for rheumatoid arthritis: Phase 2 methodological report.
Arthritis Rheum. 2010;62(9):2582-2591. doi:10.1002/art.27580

. Wells G, Becker JC, Teng J, et al. Validation of the 28-joint Disease

Activity Score (DAS28) and European League Against Rheumatism
response criteria based on C-reactive protein against disease pro-
gression in patients with rheumatoid arthritis, and comparison with
the DAS28 based on erythrocyte sedimentation rate. Ann Rheum Dis.
2009;68(6):954-960. doi:10.1136/ard.2007.084459

Steinbrocker O, Traeger CH, Batterman RC. Therapeutic criteria in
rheumatoid arthritis. JAMA. 1949;140(8):659. doi:10.1001/jama.1949.
02900430001001

. Bertaso AG, Bertol D, Duncan BB, Foppa M. Epicardial fat: Definition, mea-

surements and systematic review of main outcomes. Arq Bras Cardiol.
2013;101(1):e18-28. d0i:10.5935/abc.20130138

. ErogluS.How do we measure epicardial adipose tissue thickness by

transthoracic echocardiography? Anatol J Cardiol. 2015;15(5):416-419.
doi:10.5152/akd.2015.5991

Ormseth MJ, Lipson A, Alexopoulos N, et al. Association of epicardi-
al adipose tissue with cardiometabolic risk and metabolic syndrome
in patients with rheumatoid arthritis. Arthritis Care Res (Hoboken).
2013;65(9):1410-1415. d0i:10.1002/acr.22027

Kitagawa T, Yamamoto H, Sentani K, et al. The relationship between
inflammation and neoangiogenesis of epicardial adipose tissue and
coronary atherosclerosis based on computed tomography analysis.
Atherosclerosis. 2015;243(1):293-299. doi:10.1016/j.atherosclerosis.
2015.09.013

Karpouzas GA, Rezaeian P, Ormseth SR, Hollan |, Budoff MJ. Epicar-
dial adipose tissue volume as a marker of subclinical coronary ath-
erosclerosis in rheumatoid arthritis. Arthritis Rheumatol. 2021;73(8):
1412-1420. doi:10.1002/art.41693

BergV, Sveinbjornsson B, Bendiksen S, Brox J, Meknas K, Figenschau Y.
Human articular chondrocytes express ChemR23 and chemerin:
ChemR23 promotes inflammatory signalling upon binding the ligand
chemerin21-157. Arthritis Res Ther. 2010;12(6):R228. d0i:10.1186/ar3215
Tolusso B, Gigante MR, Alivernini S, et al. Chemerin and PEDF are
metaflammation-related biomarkers of disease activity and obesity
inrheumatoid arthritis. Front Med (Lausanne). 2018;5:207. d0i:10.3389/
fmed.2018.00207

Vazquez-Villegas ML, Gamez-Nava JI, Saldafa-Cruz AM, et al. Func-
tional disability is related to serum chemerin levels in rheumatoid
arthritis. Sci Rep. 2021;11(1):8360. doi:10.1038/541598-021-87235-6


https://www.doi.org/10.1002/art.27584
https://www.doi.org/10.1016/j.atherosclerosis.2007.01.004
https://www.doi.org/10.1016/j.atherosclerosis.2007.01.004
https://www.doi.org/10.46497/ArchRheumatol.2021.7726
https://www.doi.org/10.1136/ard.2008.098038
https://www.doi.org/10.1136/ard.2008.098038
https://www.doi.org/10.1002/art.24092
https://www.doi.org/10.1093/rheumatology/kep252
https://www.doi.org/10.3109/14017431.2014.942872
https://www.doi.org/10.3109/14017431.2014.942872
https://www.doi.org/10.1016/j.atherosclerosis.2011.07.012
https://www.doi.org/10.1016/j.atherosclerosis.2011.07.012
https://www.doi.org/10.2337/dc10-2083
https://www.doi.org/10.1073/pnas.1217552109
https://www.doi.org/10.1016/j.bbrc.2012.12.025
https://www.doi.org/10.1186/ar3475
https://www.doi.org/10.1016/j.cmet.2008.10.011
https://www.doi.org/10.3390/ijms19051293
https://www.doi.org/10.1002/art.27580
https://www.doi.org/10.1136/ard.2007.084459
https://www.doi.org/10.1001/jama.1949.02900430001001
https://www.doi.org/10.1001/jama.1949.02900430001001
https://www.doi.org/10.5935/abc.20130138
https://www.doi.org/10.5152/akd.2015.5991
https://www.doi.org/10.1002/acr.22027
https://www.doi.org/10.1016/j.atherosclerosis.2015.09.013
https://www.doi.org/10.1016/j.atherosclerosis.2015.09.013
https://www.doi.org/10.1002/art.41693
https://www.doi.org/10.1186/ar3215
https://www.doi.org/10.3389/fmed.2018.00207
https://www.doi.org/10.3389/fmed.2018.00207
https://www.doi.org/10.1038/s41598-021-87235-6

Adv Clin Exp Med. 2025;34(5):709-715

26.

27.

28.

29.

30.

3

32.

33.

Leiherer A, Muendlein A, Rein P, et al. Plasma chemerinis a strong and
independent predictor of cardiovascular event risk. Atherosclerosis.
2015;241(1):e24. doi:10.1016/j.atherosclerosis.2015.04.095

Gao S, McMillan RP, Jacas J, et al. Regulation of substrate oxidation
preferences in muscle by the peptide hormone adropin. Diabetes.
2014;63(10):3242-3252. d0i:10.2337/db14-0388

Gao S, Ghoshal S, Zhang L, et al. The peptide hormone adropin reg-
ulates signal transduction pathways controlling hepatic glucose
metabolism in a mouse model of diet-induced obesity. J Biol Chem.
2019;294(36):13366-13377. doi:10.1074/jbc.RA119.008967
LovrenF,PanY,Quan A, et al. Adropin is a novel regulator of endothe-
lial function. Circulation. 2010;122(11 Suppl 1):5185-5192. d0i:10.1161/
CIRCULATIONAHA.109.931782

Zhang C, Zhao L, Xu W, et al. Correlation of serum adropin level with
coronary artery disease [in Chinese]. Zhonghua Yi Xue Za Zhi. 2014;
94(16):1255-1257. PMID:24924892.

Zi-Wen Zhao, Yin-Gang Ren, Jun Liu. Low serum adropin levels are
associated with coronary slow flow phenomenon. Acta Cardiol Sin.
2018;34(4):307-312. d0i:10.6515/ACS.201807_34(4).20180306B

Gu X, Li H, Zhu X, et al. Inverse correlation between plasma adrop-
inand ET-1 levels in essential hypertension: A cross-sectional study.
Medicine (Baltimore). 2015;94(40):e1712. doi:10.1097/MD.000000000
0001712

WulL, Fang J,ChenL, etal. Low serum adropin is associated with cor-
onary atherosclerosis in type 2 diabetic and non-diabetic patients.
Clin Chem Lab Med. 2014;52(5):751-758. doi:10.1515/ccIm-2013-0844

34.

35.

36.

37.

38.

39.

40.

715

Butler AA, Zhang J, Price CA, et al. Low plasma adropin concentra-
tions increase risks of weight gain and metabolic dysregulation in
response to a high-sugar dietin male nonhuman primates. J Biol Chem.
2019;294(25):9706-9719. doi:10.1074/jbc.RA119.007528

Erman H, Ozdemir A, Sitar ME, Cetin SI, Boyuk B. Role of serum adro-
pin measurement in the assessment of insulin resistance in obesity.
JInvest Med. 2021;69(7):1318-1323. doi:10.1136/jim-2021-001796
Fujie S, Hasegawa N, Horii N, et al. Aerobic exercise restores aging-
associated reductions in arterial adropin levels and improves adro-
pin-induced nitric oxide-dependent vasorelaxation. JAHA. 2021;
10(10):020641. doi:10.1161/JAHA.120.020641

Tuleab SF. Correlation of calprotectin with galectin 33, adropin and
CTLA-4 in Iragi rheumatoid arthritis patients. Int J Pharm Res. 2020;
12(1):932-939. doi:10.31838/ijpr/2020.12.01.052

Fatma E, Bunyamin K, Savas S, et al. Epicardial fat thickness in patients
with rheumatoid arthritis. Afr Health Sci. 2015;15(2):489. d0i:10.4314/
ahs.v15i2.23

Wu Q, Chen Y, Chen S, Wu X, Nong W. Correlation between adipo-
nectin, chemerin, vascular endothelial growth factor and epicardi-
al fat volume in patients with coronary artery disease. Exp Ther Med.
2019;19(2):1095-1102. d0i:10.3892/etm.2019.8299

Kaur J, Mattu HS, Chatha K, Randeva HS. Chemerin in human car-
diovascular disease. Vascul Pharmacol. 2018;110:1-6. doi:10.1016/j.
vph.2018.06.018


https://www.doi.org/10.1016/j.atherosclerosis.2015.04.095
https://www.doi.org/10.2337/db14-0388
https://www.doi.org/10.1074/jbc.RA119.008967
https://www.doi.org/10.1161/CIRCULATIONAHA.109.931782
https://www.doi.org/10.1161/CIRCULATIONAHA.109.931782
https://pubmed.ncbi.nlm.nih.gov/24924892
https://www.doi.org/10.6515/ACS.201807_34(4).20180306B
https://www.doi.org/10.1097/MD.0000000000001712
https://www.doi.org/10.1097/MD.0000000000001712
https://www.doi.org/10.1515/cclm-2013-0844
https://www.doi.org/10.1074/jbc.RA119.007528
https://www.doi.org/10.1136/jim-2021-001796
https://www.doi.org/10.1161/JAHA.120.020641
https://www.doi.org/10.31838/ijpr/2020.12.01.052
https://www.doi.org/10.4314/ahs.v15i2.23
https://www.doi.org/10.4314/ahs.v15i2.23
https://www.doi.org/10.3892/etm.2019.8299
https://www.doi.org/10.1016/j.vph.2018.06.018
https://www.doi.org/10.1016/j.vph.2018.06.018




Original papers

Neutrophil-to-lymphocyte ratio and prognostic nutritional
index in predicting composite endpoint of early safety
following transcatheter aortic valve replacement

Hangyu LiuA-, Siyi Chen™, Shufen Song®®, Haixia Wei'®, Yao Li"®, Yanqing Wu'A£F

1 Department of Cardiology, The Second Affiliated Hospital of Nanchang University, China
2 Department of Infectious Diseases, The Second Affiliated Hospital of Nanchang University, China

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899-5276 (print), ISSN 2451-2680 (online)

Address for correspondence
Yanqing Wu
E-mail: wuyanging01@sina.com

Funding sources
This study was supported by the Jiangxi Provincial Key R&D
Program (grant No. 20212BBG71004).

Conflict of interest
None declared

Received on February 20, 2024
Reviewed on April 13,2024
Accepted on April 29, 2024

Published online on August 13, 2024

(iteas

LiuH, Chen'S, Song S, Wei H, Li Y, Wu Y. Neutrophil-
to-lymphocyte ratio and prognostic nutritional index

in predicting composite endpoint of early safety following
transcatheter aortic valve replacement. Adv Clin Exp Med.
2025;34(5):717-726. doi:10.17219/acem/188107

DOI
10.17219/acem/188107

Copyright

Copyright by Author(s)

Thisis an article distributed under the terms of the
Creative Commons Attribution 3.0 Unported (CCBY 3.0)
(https://creativecommons.org/licenses/by/3.0/)

Adv Clin Exp Med. 2025;34(5):717-726

Abstract

Background. The incidence of composite endpoint of early safety (CEES) after transcatheter aortic valve
replacement (TAVR) has been a topic of focus within the cardiovascular field due to its impact on long-term
patient outcomes. Timely prophylactic interventions are crucial for patients identified as high risk for CEES
through preoperative risk stratification.

Objectives. This study aimed to explore the connection between inflammatory and nutritional markers, spe-
cifically the neutrophil-to-lymphocyte ratio (NLR) and prognostic nutritional index (PNI), and CEES occurrence.

Materials and methods. A cohort of 134 patients undergoing TAVR in a single center was studied.
The study endpoint was the occurrence of CEES, which was defined according to the Valve Academic Research
Consortium 3.

Results. The CEES was reached in 25.4% of patients at 30 days. A high NLR was associated with a 5.55-fold
increased risk of CEES (95% confidence interval (95% CI): 1.52—20.29; p < 0.05), while a low PNI was linked
t0 a4.43-fold increased risk (95% CI: 1.55-12.65; p < 0.01). Combining NLR and PNI provided additional risk
stratification for high-risk patients (hazard ratio (HR), 95% CI: 2.24—43.37; p < 0.005).

Conclusions. A high NLR and low PNI were shown to be significant predictors of CEES following TAVR.
These findings underscore the significance of NLR and PNI in the risk assessment of TAVR patients, offering
valuable insights for preventive measures.

Key words: prognostic nutritional index, neutrophil-to-lymphocyte ratio, transcatheter aortic valve re-
placement
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Background

In recent years, there has been a significant focus
on clinical endpoints observed in patients who undergo
transcatheter aortic valve replacement (TAVR). The con-
cept of composite endpoints was initially introduced
in the Valve Academic Research Consortium (VARC) Con-
sensus Report in 2011.! With the continuous accumulation
of TAVR experience and advancements in related studies,
the indications for TAVR have broadened to include low-
risk patients,?? and the latest definition of composite end-
points was introduced in the VARC-3 in 2021.* Within this
definition, the composite endpoint of early safety (CEES)
at 30 days serves as a measure of the procedure’s early
safety and effectiveness, encompassing a variety of ad-
verse events that can have a significant impact on patient
outcomes.>~? Consequently, an early prediction of these
adverse events and the implementation of prophylactic
interventions are crucial for improving patient outcomes.

In the development and occurrence of atherosclerosis
and calcific aortic valve disease, inflammation is a crucial
factor.’~!'2 The neutrophil-to-lymphocyte ratio (NLR),
an emerging inflammatory biomarker, has gained wide-
spread attention in the past decade due to its inexpensive-
ness and easy accessibility. Several studies have illustrated
asignificant correlation between elevated preoperative NLR
levels and increased postoperative mortality as well as acute
kidney injury (AKI) in patients undergoing TAVR.!!

Furthermore, malnutrition also has an adverse impact
on the prognosis following TAVR. Elderly patients comprise
a considerable proportion of the population undergoing
TAVR treatment, and malnutrition is particularly prevalent
in this group. Previous studies have indicated that mal-
nourished patients have higher mortality rates following
TAVR procedures.'® The prognostic nutritional index (PNT)
is a useful indicator for assessing nutritional status and
has been validated for its predictive value in cardiovascu-
lar diseases such as heart failure and acute coronary syn-
dromes.1*"1? Recent research has also suggested that PNI
exhibits good predictive ability for post-TAVR survival.2?

Neutrophil-to-lymphocyte ratio and PNI serve as predic-
tors of post-TAVR complications by reflecting the systemic
inflammatory status and nutritional level. However, there
is currently a lack of research demonstrating the predic-
tive value of these 2 indicators for composite endpoints
such as CEES.

Objectives

This research aimed to investigate the impact of the sys-
temic inflammatory response and nutritional status
on the CEES after TAVR, specifically looking at NLR and
PNI. Additionally, the study assessed the predictive accu-
racy of NLR and PNI in identifying the occurrence of post-
TAVR complications.

H. Liu et al. Predictive value of NLR and PNl in TAVR

Materials and methods
Study design

The study retrospectively gathered common inflam-
matory and nutritional indicators for the study popula-
tion. Baseline characteristics for the entire population
and differences between subgroups divided according
to the occurrence of CEES were analyzed. The prognostic
significance of inflammatory and nutritional indicators
in predicting CEES following TAVR was studied.

Study patients

This retrospective and observational study included
145 consecutive patients who underwent TAVR at the Sec-
ond Affiliated Hospital of Nanchang University (Nan-
chang, China) between January 2018 and February 2023.
Eleven individuals were excluded from the study because
of a preoperative red blood cell transfusion, cancer, sick
sinus syndrome, and high-degree atrioventricular block.
As this was a retrospective study, the need for informed
consent was not required.

Data collection

Demographic characteristics, clinical concomitant dis-
eases, laboratory parameters, and pre-procedural imaging
parameters were collected. Furthermore, the preprocedural
Society of Thoracic Surgeons (STS) scores were calcu-
lated. In terms of inflammation parameters, we calculated
the NLR, platelet-to-lymphocyte ratio (PLR) and monocyte-
to-high-density lipoprotein ratio (MHR). Neutrophil-to-
lymphocyte ratio is calculated as the ratio of neutrophils
tolymphocytes, PLR as the ratio of platelets to lymphocytes,
and MHR as the ratio of monocytes to high-density lipo-
protein concentrations. For nutritional parameters, we cal-
culated the body mass index (BMI) and the PNI. Prognos-
tic nutritional index is measured as follows: (10 x serum
albumin [g/dL]) + (0.005 x total lymphocytes [1000/uL]).2!

TAVR procedure

The multidisciplinary Heart Team in our center evalu-
ated all patients and formulated operation plans after ruling
out definite contraindications. Preoperative transthoracic
echocardiography and multidetector computed tomography
(MDCT) were performed to assess the anatomy of the aor-
tic valve and root. Based on the anatomical parameters
and clinical characteristics, a suitable valve type and size
were selected. All valves in this study used self-expanding
valves and included the VENUS-A (Venus MedTech, Hang-
zhou, China) and VitaFlow (MicroPort, Shanghai, China)
valves. All patients underwent general anesthesia by endo-
tracheal intubation in the cardiac catheterization laboratory
and monitoring using transesophageal echocardiography.
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The preferred access for TAVR was transfemoral with other
alternative accesses, including transcarotid or transaxil-
lary. Following the procedure, all patients were transferred
to the cardiac intensive care unit for observation.

Endpoint

The endpoint of this study was the occurrence of the CEES
at 30 days, which was defined with VARC-3. This com-
prises all-cause mortality; stroke; VARC type 2—4 bleed-
ing; major vascular, access-related, or cardiac structural
complications; acute kidney injury stage 3 or 4; moderate
or severe aortic regurgitation; new permanent pacemaker
placement due to procedure-related conduction abnor-
malities; surgery or intervention related to the device.

Statistical analyses

The data analysis was performed using IBM SPSS v. 26.0
software (IBM Corp., Armonk, USA). Medians (interquartile
ranges) or means + standard deviations (+SD) were used
to represent continuous variables, while frequencies (per-
centages) were used for categorical variables. Statistical sig-
nificance was defined as a p-value of less than 0.05. Continu-
ous variables were compared using t-tests or Mann—Whitney
U tests, while categorical variables were compared using
the ¥ test or Fisher’s test. The risk factors associated with
the study endpoints were identified through univariate and
multivariate logistic regression analyses conducted in se-
quence. For multivariate analysis, we adjusted for age, gender,
STS score, New York Heart Association (NYHA) classifica-
tion, hypertension, diabetes mellitus, coronary heart disease
(CHD), atrial fibrillation, cerebrovascular disease, chronic
obstructive pulmonary disease (COPD), chronic kidney dis-
ease (CKD), hemoglobin, platelet, hematocrit, red blood cell
distribution width (RDW), mean platelet volume (MPV),
high-density lipoprotein cholesterol (HDL-c), low-density
lipoprotein cholesterol (LDL-c), non-high-density lipopro-
tein cholesterol (NHDL-c), lipoprotein(a) (Lp(a)), B-type na-
triuretic peptide (BNP), serum creatinine, left ventricular
ejection fraction (LVEF), peak aortic jet velocity, annulus
diameter, left ventricular outflow tract diameter, and as-
cending aorta diameter. The results were presented in terms
of odds ratios (ORs) along with their corresponding 95%
confidence intervals (95% Cls). A receiver operating char-
acteristic (ROC) curve was generated to assess the predic-
tive value of the risk factor for the occurrence of CEES, and
the optimal cutoff values for NLR and PNI were identified.

Results
Baseline characteristic

A total of 134 patients undergoing TAVR at our center
were included in this study. Among this cohort, the mean
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age was 71.39 £6.92 years, with 38.8% of the population
being female. The median (range) STS score was 2.36 (1.60,
3.90) and the median (range) LVEF was 56.5 (43.75, 64).
Thirty-one patients (23.1%) were classified as a NYHA
class IV. The occurrence of CEES at 30 days in all pa-
tients was 25.4% (34/134). We also analyzed the differ-
ences between patients who experienced CEES and those
who did not. Compared to the non-CEES group, patients
in the CEES group tended to have higher STS scores and
BNP levels. Additionally, these patients had a higher pro-
portion of NYHA class IV (41.2%) and intraoperative use
of mechanical circulatory support devices (26.5%), but
a lower baseline LVEF. In terms of inflammatory mark-
ers, the CEES group had higher NLR and MHR values
compared to the non-CEES group, although PLR showed
no significant differences. Regarding nutritional markers,
patients in the CEES group had a lower PNI compared
to the non-CEES group, but there was no significant dif-
ference in BMI between the groups. Further details are
outlined in Table 1.

Comparison of baseline characteristics
according to NLR/PNI binaries

Based on the ROC curve analysis for CEES incidence,
the optimal NLR and PNI cutoff values were established
at 2.27 and 42.9, respectively. Subsequently, patients
were divided into 2 groups according to NLR and PNI
binaries, and the baseline characteristics were analyzed
(Table 2). Notably, the patients with high NLR values
or low PNI values had a higher incidence of CEES and
exhibited higher STS scores, BNP levels, PLR values,
and RDW values, but had lower LVEF measurements.
Additionally, higher NLR levels were associated with
higher baseline creatinine levels, as well as a higher
prevalence of hypertension and diabetes. On the other
hand, patients with low PNI levels had lower baseline
levels of hemoglobin and high-density lipoprotein cho-
lesterol, a higher proportion of NYHA class IV, and
a higher requirement rate of intraoperative mechanical
circulatory support.

Prognostic significance in CEES

The levels of NLR or PNI were associated with the occur-
rence of CEES (Table 3). The risk of CEES in patients with
a high NLR or low PNI was 5.55 (95% CI: 1.52-20.29) and
4.43 (95% CI: 1.55-12.65), respectively, compared to the pa-
tients with a low NLR or high PNI. To investigate whether
the combination of NLR and PNI provides additional prog-
nostic value, we further divided the patients into 3 groups:
1) NLR-low and PNI-high, 2) NLR-high or PNI-low and
3) NLR-high and PNI-low. We included the new categorical
variables in the model for analysis. This simple and effec-
tive stratification successfully categorized patients into
low-, intermediate- (OR = 4.07, (95% CI: 1.06—15.68)), and



Table 1. Demographic, clinical and procedural characteristics

Variable

Age [years]

Female, n (%)

BSA [m?]

BMI [kg/m?]

STS score

NYHA class IV, n (%)
Hypertension, n (%)
Diabetes mellitus, n (%)
CHD, n (%)

Atrial fibrillation, n (%)
CVD, n (%)

COPD, n (%)

CKD, n (%)

RBC [x10%/L]
Hemoglobin [g/L]
Platelet count [x10%L]
NLR

PLR

MHR

Hematocrit [%]
RDW [%]

MPV [fL]

HDL-c [mmol/L]
LDL-c [mmol/L]
NHDL-c [mmol/L]
Lp (a) [mg/L]

PNI

BNP [pg/mL]

Creatinine [umol/L]

Aortic regurgitation >moderate, n (%)
LVEDD [mm]

LVESD [mm]

LVEF [%]

Peak aortic jet velocity [m/s]

Annulus diameter [mm]
Annulus area [mm?]
LVOT diameter [mm]

Ascending aorta diameter [mm]

Circulatory support, n (%)
Valve size >26 mm, n (%)

2"d valve needed, n (%)

Total population

CEES group (n = 34)

71394692 69.68 +£8.26
52(38.8) 11(324)
1.57 £0.16 1.60 +£0.17

22.08 (20.29-24.06)
2.36 (1.60-3.90)

21.76 (19.81-25.02)
3.13 (1.80-5.57)

31(23.1) 14 (41.2)
70(52.2) 21(61.8)
17.(12.7) 5(14.7)
35(26.1) 9 (26.5)
19(14.2) 7(20.6)
16 (11.9) 2(59)
14 (104) 3(8.8)
15(11.2) 5(14.7)
Laboratory index
4.11 £0.55 4.02 £0.55
124.79 £16.05 12191 £1747
167 (132.75-198.25) 168.00 (140.75-199.25)
2.96 (2.11-4.61) 3.74 (2.65-7.03)

129.13 (94.41-162.65)
0.37(0.27-0.57)
38.12 £4.49
13.30 (12.58-14.30)
11.05 (10.40-11.83)
1.18 (0.99-1.43)
2.27 (1.68-3.09)
3.04 (2.30-3.72)
159.25 (78.08-355.85)
4587 £5.26
679.72 (261.88-1811.09)
81.70 (70.69-110.58)

149.82 (94.41-193.81)
048 (0.31-0.70)
37.54 £5.14
13.70 (12.60-14.65)
11.15(10.48-11.93)
1.15(0.86-1.43)
1.95 (1.54-3.01)
2.74(2.15-3.56)
159.25 (62.13-375.65)
43.28 £6.25
1203.26 (252.00-5000)
87.60 (74.43-127.70)

Baseline echocardiographic parameters
18 (13.4) 4(11.8)

52.00 (46.00-59.00) 54.5 (45.5-64.25)
36.0 (29.75-44.0) 42.00 (29.75-54.50)
56.5 (43.75-64) 49.5 (31.25-61.00)
443 (3.98-5.01) 433 (3.90-4.82)

Baseline MDCT parameters

2493 £2.65 2556 £2.90
477.97 £102.25 25.56 £2.90
25.65 (23.68,28.9) 26.75(23.25,30.13)
37.85 +4.56 38.70 £5.63
Procedural details

9(6.7) 9(26.5)

50(37.3) 14 (41.2)

34 (254) 10 (29.4)

Non-CEES group
(n=100)

7197 £6.34
41(41)
1.56 £0.16
22.24(20.31-23.90)
222 (1.59-3.35)
17.(17)

49 (49)
12(12)

26 (26.0)
12(12)

14 (14)

4.14 +0.55
125.77 £15.50
160.5 (131.25-197.25)
2.71(1.99-4.13)
124.44 (93.01-161.06)
0.36 (0.26-0.55)
3832 +4.25
13.2(12.5-14.08)
11.0(10.2-11.78)
1.18 (1.02-1.43)
2.34(1.77-3.10)
3.07 (2.36-3.78)
160.25 (83.00-315.10)
46.74 £4.59
664.57 (259.96-1520.77)
81.10 (68.95-106.08)

14(14)

50.5 (46.0-57.0)
36.00 (29.25-42.00)
58.00 (45.25-64.00)

4.49 (4.02-5.08)

24.71 £2.55
24.71 £2.55
25.55(23.70, 28.60)
37.56 +4.13

0(0)
36 (36)
24 (24)

0.146
0.371
0.213
0.988
0.028
0.004
0.198
0.682
0.957
0.215
0.207
0.720
0.530

0.307
0.227
0476
0.001
0.161
0.027
0.379
0.122
0.350
0.597
0.093
0.121
0.904
0.005
0.034
0.146

0.741
0.083
0.031
0.018
0.390

0.108
0.153
0.284
0.209

<0.001
0.590
0.531

Values are presented as counts (percentages) or median (IQR). CEES — composite endpoints of early safety; BSA — body surface area; STS - Society
of Thoracic Surgery Risk Score; NYHA — New York Heart Association; CHD — coronary heart disease; CVD — cerebrovascular disease; COPD — chronic

obstructive pulmonary disease; CKD — chronic kidney disease; NLR — neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio; MHR — monocyte-

to-high density lipoprotein cholesterol ratio; RDW - red blood cell distribution width; MPV — mean platelet volume; HDL-c — high-density lipoprotein
cholesterol; LDL-c - low-density lipoprotein cholesterol; NHDL-c — non-high-density lipoprotein cholesterol; Lp(a) - lipoprotein(a); PNI - prognostic

nutritional index; BNP — B-type natriuretic peptide; LVEDD - left ventricular end-diastolic dimension; LVESD - left ventricular end-systolic dimension;
LVEF — left ventricular ejection fraction; MDCT — multidetector computed tomography; LYOT - left ventricular outflow tract.




Table 2. Demographic, clinical and procedural characteristics and outcomes in patients according to NLR and PNI

Variable NLR-low group NLR-high group PNI-high group PNI-low group
(n=42) (n=92) (n=102) (n=32)
Age [years] 7131 £5.57 7142 £7.48 0.930 7132 £643 71.59 £841 0.848
Female, n (%) 21(50) 31(337) 0.072 43 (42.2) 9(28.1) 0.155
BSA [m?] 1.54 £0.18 1.59 £0.15 0.153 157 £0.17 1.57 £0.14 0.991
BMI [kg/m?] 22.28(20.23,23.38) 22.04 (20.27,24.15) 0.694 22.35(20.31,24.22) 21.73(18.82,23.13) 0.186
STS score 1.90 (1.52,3.23) 2.50(1.70,4.03) 0.032 2.12(1.53,3.25) 3.57(2.25,5.65) <0.001
NYHA IV, n (%) 6(14.3) 25(27.2) 0.101 16 (15.7) 15(46.9) <0.001
Hypertension, n (%) 14(33.3) 56 (60.9) 0.003 54(52.9) 16 (50,) 0.771
Diabetes mellitus, n (%) 1(24) 16 (17.4) 0.015 13(12.7) 4(125) 0.971
CHD, n (%) 8(19) 27(293) 0.208 25(245) 10(31.3) 0.449
Atrial fibrillation, n (%) 4(95) 15(16.3) 0.297 14(137) 5(156) 0.788
CVD, n (%) 7(16.7) 9(9.3) 0.254 13(12.7) 3(94) 0.761
COPD, n (%) 1(24) 13(14.1) 0.064 8(7.8) 6(1838) 0.099
CKD, n (%) 2(48) 13(14.1) 0.145 10(9.8) 5(156) 0351
Laboratory index
RBC [x10%/L] 4.07 £0.55 4.12 £0.55 0.621 4.17 £0.54 3.92 £0.53 0.027
Hemoglobin [g/L] 123.95 +£13.87 125.17 £17.00 0.684 12647 £15.14 11944 +17.87 0.030
Platelet count [x10%/L] 162.0 (135.5, 192.0) 168.0 (131.3,200.0) 0.631 167.5 (135.5, 198) 161 (118.25, 203) 0.395
NLR 1.87(1.53,2.07) 3.73(2.83,6.12) <0.001 2.65 (1.96, 3.66) 562 (3.2,8.78) <0.001
PLR 104.02 (71.09,132.03) = 145.02 (109.07, 188.57) = <0.001 115.6 (88.87,159.04) | 159.04 (126.53,210.86)  0.000
MHR 0.31(0.24,0.45) 0.40(0.29, 0.63) 0.016 036 (0.27,0.54) 045(032,0.72) 0.052
Hematocrit [%] 37.76 £3.74 38.28 £4.80 0.527 38.59 £4.17 36.63 £5.18 0.030
RDW [%] 12.95(12.30,13.63) 13.70 (12.80, 14.48) 0.002 13.2(12.48,13.93) 14.05(13.63,15.53) | <0.001
MPV [fL] 10.95 (1043, 11.60) 11.10 (1040, 11.90) 0494 11.05 (10.35, 11.83) 11.05 (104, 11.85) 0.909
HDL-c [mmol/L] 1.22(1.03,1.52) 1.13(0.95, 1.38) 0.152 1.2 (1.04,1.49) 1.05(0.84, 1.22) 0.003
LDL-c [mmol/L] 246 (1.62, 3.05) 223(1.73,3.10) 0.842 237(1.7,3.1) 2.18(1.58,2.94) 0.149
NHDL-c [mmol/L] 3.07(2.20,3.77) 297 (243,3.10) 0.558 3.04(2.29,3.94) 3.01(2.33,3.49) 0.357
Lp (@) [mg/L] 140.45 (69.90, 262.87) 180.60 (79.83, 385.53) 0415 177.05 (78.08,351.78) | 14295 (67.08,31245) = 0.661
PNI 4868 +3.72 44.58 +£5.37 <0.001 48.04 +3.61 3893433 <0.001
BNP [pg/mL] 387.57 (203.50,789.01)  806.73 (311.00,2611.49)  0.003 | 634.54 (240.25, 1428.84) | 2215.46 (360.41,5000) = 0.002
Creatinine [umol/L] 75.00 (66.49, 92.30) 86.70 (74.29, 113.16) 0.006 80.47 (69.25, 106.43) 86.7 (72.11,128.3) 0.098
Baseline echocardiographic parameters
Aortic regurgitation =moderate, n (%) 12 (28.6) 24 (26.1) 0.763 28 (27.5) 8 (25) 0.785
LVEDD [mm] 51.00 (42.75, 58.25) 52.00 (46.00, 59.00) 0.226 52 (45.75,57.25) 52.5 (46, 63.75) 0.255
LVESD [mm] 34.50 (27.00, 42.25) 37.00 (31.00, 45.75) 0.053 36 (29,42) 39 (30.25,49.5) 0.098
LVEF [%] 59.0 (51.0, 66.0) 54.0 (42.0, 62.0) 0.017 58 (45, 64) 49 (30.25, 63.75) 0.044
Peak aortic jet velocity [m/s] 4.74 (4.13,5.36) 4.33(3.95,4.88) 0.081 444 (4.01,5.14) 4.32(3.95,4.72) 0.287
Baseline MDCT parameters
Annulus diameter [mm] 24.60 +2.83 25.08 £2.57 0.335 24.75 +2.62 2548 £2.74 0.175
Annulus area [mm?] 465.98 £110.26 483.44 £98.52 0.361 473.39 £101.42 492.56 £105.13 0357
LVOT diameter [mm] 24.95 (22.95, 28.30) 26.30(23.80, 29.20) 0.131 25.65 (23.55,28.73) 25.85(23.73,29.2) 0.699
Ascending aorta diameter [mm] 37.77 £4.57 37.89 +4.58 0.886 3751 £4.35 38.9545.1 0.119
Procedural details
Circulatory support, n (%) 0(0) 9(9.8) 0.057 1(01) 8(25) <0.001
Valve size >26 mm, n (%) 13(31.0) 37(40.2) 0.304 39(382) 11(344,) 0.694
2M valve needed, n (%) 9(214) 25(27.2) 0478 25(245) 9(28.1) 0.682
CEES, n (%) 3(7.1) 31(337) 0.001 18(17.6) 16 (50,) <0.001

Values are presented as counts (percentages) or median (IQR). CEES — composite endpoints of early safety; BSA — body surface area; STS — Society

of Thoracic Surgery Risk Score; NYHA — New York Heart Association; CHD — coronary heart disease; CVD - cerebrovascular disease; COPD - chronic
obstructive pulmonary disease; CKD - chronic kidney disease; NLR — neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio; MHR — monocyte-
to-high density lipoprotein cholesterol ratio; RDW - red blood cell distribution width; MPV — mean platelet volume; HDL-c — high-density lipoprotein
cholesterol; LDL-c - low-density lipoprotein cholesterol; NHDL-c — non-high-density lipoprotein cholesterol; Lp(a) - lipoprotein(a); PNI - prognostic
nutritional index; BNP — B-type natriuretic peptide; LVEDD - left ventricular end-diastolic dimension; LVESD - left ventricular end- systolic dimension;

LVEF - left ventricular ejection fraction; MDCT — multidetector computed tomography; LVOT — left ventricular outflow tract.
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Table 3. Univariate and multivariate logistic regression analysis of NLR and PNI to predict CEES

Variable

OR (95% Cl)

Unadjusted

Adjusted
OR (95% Cl)

low (<2.27) 1 (reference) - 1 (reference) -
N high (=2.27) 6.61(1.89-23.09) 0.003 5.55(1.52-20.29) 0.010
o high (>42.9) 1 (reference) - 1 (reference) -
low (<42.9) 467 (1.98-11.23) <0.001 443 (1.55-12.65) 0.005
NLR-low + PNI-high 1 (reference) - 1 (reference) -
Combined NLR + PNI NLR-high or PNI-low 4.04 (1.09-15.00) 0.037 4.07 (1.06-15.68) 0.041
NLR-high + PNI-low 13.51 (343-53.19) <0.001 9.85 (2.24-43.37) 0.003

NLR - neutrophil-to-lymphocyte ratio; PNI - prognostic nutritional index; CEES — composite endpoints of early safety; OR — odds ratio;

95% Cl — 95% confidence interval.

high-risk (OR = 9.85 (95% CI: 2.24—43.37)) groups. These
results also indicated that the combination of a high NLR
and low PNI significantly heightened the risk of CEES oc-
currence compared to the presence of either variable alone.

Ability to predict CEES

We further evaluated the prognostic abilities of NLR and
PNIin predicting CEES using a ROC curve. The area under
the ROC curve (AUC) for the NLR in predicting the oc-
currence of CEES was 0.691 (95% CI: 0.593-0.790), and
the optimal cutoff value was 2.27, with 91% sensitivity and
39% specificity (Fig. 1A). The optimal cutoff value of PNI
to predict freedom from CEES was 42.9, with a sensitivity
of 84%, a specificity of 47% and an AUC of 0.660 (95% CI:
0.593-0.790, Fig. 1B). Furthermore, Kaplan—Meier sur-
vival curves were plotted based on the optimal cutoff val-
ues for NLR and PNI, indicating significant differences
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in the occurrence of outcome events within 30 days be-
tween the 2 groups divided by the optimal cutoff values
of NLR and PNI (Fig. 2).

Discussion

The impact of NLR and PNI on CEES following TAVR
was retrospectively analyzed in this study. The primary
study findings were as follows: 1) A high NLR or low
PNI at baseline is associated with an increased incidence
of CEES at 30 days following TAVR; 2) The presence
of a high NLR or low PNI at baseline could serve as an in-
dependent risk factor for CEES; 3) Combining high NLR
and low PNI may offer additional prognosis information
for predicting the risk of CEES.

In previous studies, inflammatory biomarkers such as
C-reactive protein (CRP) and interleukin 6 (IL-6) have
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Fig. 1. ROC analysis of NLR and PNl in predicting CEES. A. ROC curve of NLR in predicting the occurrence of CEES; B. ROC curve of PNl in predicting freedom

from CEES

ROC - receiver operating characteristic; NLR — neutrophil-to-lymphocyte ratio; PNI - prognostic nutritional index; CEES — composite endpoint of early safety.



Adv Clin Exp Med. 2025;34(5):717-726

>

100

Probability of Freedom from CEES

50—
- NLR =227
N = NLR=227
Log-Rank: 3°=10.09; p <0.01
0+———rrrrrr T T .
0 10 20 30
Days since TAVR
100
72}
=
=)
Q
=
=
&
g
< e
§ 50—
=
-
=]
£
E — PNI<429
2 ) — PNI>429
R Log-Rank: %"=15.67; p<0.01
0+ ——————r ————————— .
0 10 20 30
Days since TAVR
100
wn)
=
=
Q
£
£
S
g ]
< ]
S 507 —
= ]
S
=]
:5 — NLR-Low + PNI-High
=
,§ — NLR-High or PNI-Low
& Log-Rank: 3%=20.33; p<0.01 — NLR-High + PNI-Low
0+ ———— —————r—rr .
0 10 20 30
Days since TAVR

Fig. 2. Kaplan—-Meier curves for CEES. A. Kaplan-Meier curves for CEES
according to the cutoff value of NLR; B. Kaplan—Meier curves for CEES
according to the cutoff value of PNI; C. Kaplan—Meier curves for CEES
according to the combination of NLR and PNI

NLR - neutrophil-to-lymphocyte ratio; PNI — prognostic nutritional index;
CEES — composite endpoint of early safety.

been utilized to predict the prognosis of patients who
underwent TAVR and have shown promising results.??2*
Although we recognize the importance of inflammation
biomarkers in determining prognosis, these biomark-
ers are not routinely included in preoperative laboratory
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examinations for TAVR. Therefore, exploring inflamma-
tory indicators in routine blood tests for risk stratification
is of paramount importance. It should be noted thatNLR,
PLR, MHR, and RDW are a class of inflammation bio-
markers that can be easily obtained from routine blood
tests and have demonstrated their predictive value for
the long-term prognosis and complications following
TAVR.131425 Previous studies have also confirmed signifi-
cant correlations between inflammatory indicators, such
as NLR and PLR, and early safety composite outcomes
after TAVR.2® However, thus far, the existing research
on the risk factors associated with composite endpoints
of early safety following TAVR has relied on the defini-
tion of composite endpoints outlined in VARC-2.%” With
the introduction of the latest VARC-3 definition for CEES,
which includes new permanent pacemaker implantation
due to procedure-related conduction abnormalities and
moderate or severe aortic regurgitation, there is a lack
of studies that investigate the risk factors for these updated
composite endpoints. In this study, in addition to inflam-
matory markers, we also included the PNI, an indicator
reflecting nutritional status. Similar to NLR and PLR, PNI
can also be indirectly inferred from routine blood tests
and offers similar advantages.

In our study, we observed significant differences in NLR
and PNI between the CEES group and the non-CEES
group. Therefore, we further analyzed these 2 indicators
by dividing them into high- and low-level groups and com-
paring their baseline characteristics. We found that a high
NLR was associated with an increased rate of CEES, which
is consistent with prior studies that reported the correla-
tion between NLR and CEES defined by VARC-2. Similarly,
we obtained the same result for low PNI. In the multivari-
ate analysis, we confirmed that a high NLR and low PNI
were independent risk factors for an increased rate of CEES
following TAVR. After adjusting for multiple potential
confounders, patients with a NLR >2.27 had a 5.55 times
higher risk of CEES following TAVR compared to pa-
tients with low NLR, while patients with a PNI <42.9 had
a 4.43 times higher risk compared to patients with high
PNIs. These results prove that NLR and PNI, which are
routine blood parameters representing inflammation
and nutritional levels, respectively, can provide valuable
prognostic information for predicting the risk of CEES
following TAVR. To further investigate whether their
combination increases the risk of CEES, we stratified pa-
tients into low-, intermediate- and high-risk groups based
on the NLR and PNI. The high-risk group (i.e., high NLR
combined with low PNI) had a higher risk of CEES com-
pared to patients with a high NLR or low PNI alone. This
indicates a promising potential of combining NLR and
PNI for the risk stratification of CEES following TAVR.

Neutrophil-to-lymphocyte ratio, as an inflammation
marker, has previously been shown to be linked to vari-
ous cardiovascular diseases.?® A high NLR may reflect
a systemic inflammatory state, which may be attributed
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to a significant elevation of neutrophils as a marker of on-
going inflammation and relatively diminished lympho-
cytes, which play an essential role in immune regulation
and inhibition of inflammation.?’

Recent studies have revealed a correlation between NLR
and negative outcomes in patients undergoing TAVR. Our
study provides additional evidence supporting a notable
link between high NLR and early adverse clinical outcomes
after TAVR. A previous study by Condado et al. demon-
strated the correlation between high NLR and PLR with
the occurrence of CEES 30 days after TAVR.?® However,
as TAVR experience advanced and large-scale clinical stud-
ies were conducted worldwide, the VARC-3 had updated
the definitions of CEES, including additional specifica-
tions and improvements in the definition of postoperative
bleeding and vascular complications. Notably, the VARC-3
also included new permanent pacemaker implantation due
to procedure-related conduction abnormalities in the defi-
nition of CEES, necessitating further investigation into
the correlation between NLR and this updated definition.
In our study, we found a significant correlation between
NLR and the latest definition, providing further support
for the importance of NLR in predicting adverse progno-
sis after TAVR. However, other biomarkers such as PLR,
MHR and RDW did not show a similar predictive ability
compared to NLR in our study.

Another indicator studied in our research is PNI, which
serves as an important marker reflecting nutritional sta-
tus. Given the TAVR patient population is predominantly
comprised of the elderly, where malnutrition is common
in this population, it is crucial to evaluate the potential
risks of malnourished patients undergoing TAVR. Recent
studies reported that comorbidities such as weakness and
malnutrition increase the risk of an adverse prognosis after
TAVR.1>3031 Therefore, assessing the nutritional status
of patients in a reasonable and appropriate way before
the procedure is beneficial for early risk stratification
of TAVR patients. However, there is currently no research
demonstrating the correlation between nutritional status
and the occurrence of early safety composite outcomes
after TAVR.

Prognostic nutritional index combines albumin levels,
reflecting nutritional status, and lymphocyte count, re-
flecting immune function, both having an adverse impact
on mortality.2®32 Previous research has demonstrated a no-
table association between low PNI and increased mortal-
ity following TAVR.?%3 In our study, we confirmed that
alow PNIincreases the risk of CEES after TAVR, although
the specific mechanism has yet to be determined. Magri
et al. found that the logistic EuroSCORE was an impor-
tant predictor of CEES, which is a useful tool in assessing
comorbidities and weakness.?* This may explain the as-
sociation between PNI, an indicator reflecting weakness,
and the occurrence of CEES. Additionally, a low PNI may
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itself be a potential intermediate factor for CEES. However,
further research is needed to identify potential confound-
ers and the detailed relationship between PNI and CEES.

Recently, Conners et al.>> used the metabolic vulner-
ability index (MVX), a novel biomarker that reflects both
systemic inflammation and metabolic malnutrition, to ex-
plore its prognostic value in patients with heart failure.
The results showed that in the heart failure population,
a higher MV X was associated with mortality indepen-
dently of existing chronic heart failure scores and other
biomarkers, and MVX had additional value in the strati-
fication of death risk in patients with heart failure. These
results suggest such indicators that reflect both inflam-
mation and malnutrition may have special value in evalu-
ating the prognosis of patients with cardiovascular dis-
ease. However, the complexity of obtaining MVX may
impede its widespread adoption in clinical applications.
Thus, the combination of NLR and PNI has certain ad-
vantages because of the easily accessible and inexpensive
characteristics. This study has preliminarily confirmed
the prognostic value of the combination of NLR and PNI
in the occurrence of adverse events following TAVR. Fu-
ture research can further explore its value in other car-
diovascular diseases.

Limitations

There are several limitations in our study. Firstly, this
is a single-center, retrospective study, which restricts
the generalizability of the findings to the entire TAVR
patient population. Although we have proposed prelimi-
nary cutoff values for NLR and PNI in the TAVR popula-
tion, these values need to be validated in larger cohorts
due to the small sample size of this study. Secondly, cer-
tain potential confounding factors, such as some special
inflammatory cytokines or other markers of nutritional
status, were not included in this study. Moreover, the study
population overall consisted primarily of low/moderate-
risk individuals based on STS scores. However, 7% of pa-
tients required mechanical circulatory support, and 25%
underwent 2" valve implantation. It may be due to the pro-
phylactic use of mechanical circulatory support in some
high-risk patients to ensure procedural safety. Regarding
the 2! valve, besides the early lack of experience in our
center, it may also be attributed to the enrollment of pa-
tients with pure aortic regurgitation in our study cohort.
These patients typically have a higher risk of 2" valve re-
quirement due to anatomical factors. This also implies that
caution should be exercised when extrapolating the results
of this study to other populations. Lastly, due to the lim-
ited sample size of this study, subgroup analyses of vari-
ous endpoints within the CEES were not performed, and
larger patient populations will be required in the future
to refine this study.
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Conclusions

This study investigated the impact of inflammation

status and nutritional level on CEES at 30 days follow-
ing TAVR. The results demonstrated that baseline high
NLR and low PNI are important independent predictors
of CEES. These routine and inexpensive indicators may
provide valuable references in the early risk stratification
of TAVR patients.
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Abstract

Background. Dysphagia, prevalentin 90% of children with neurological disorders, poses risks of medical
complications and is associated with cognitive and psychosocial challenges. The absence of the sucking-
swallowing reflex and variations in the gag reflex contribute to feeding difficulties.

Objectives. This study focuses on examining the impact of the gag reflex on the masticatory system structure
in children with cerebral palsy, aiming to assess its significance.

Materials and methods. This observational study investigated the gag reflex and soft palate shape
in 25 children with cerebral palsy (average age: 14 years). Inclusion criteria considered specific levels of the Eat-
ing and Drinking Ability Classification System (EDACS) and the Gross Motor Function Classification System
(GMFCS). Exclusion criteria comprised hypotension, inflammation and tumors. The Castillo—Morales ques-
tionnaire assessed variables and statistical analysis (Spearman’s rank correlation and non-parametric tests)
utilizing PQStat v. 1.8.6.120 software.

Results. Findings did not reveal an association between the absence of the gag reflex and abnormal palate
structure in children. Our results showed a correlation between higher tension of the buccinator muscles and
mobility of the tongue on the structure of the palate.

Conclusions. Children with neurological disorders, such as cerebral palsy, are a diverse group requiring
specialized orthodontic treatment and close interdisciplinary collaboration.

Key words: children, neurological disorders, gag reflex, masticatory system
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Background

Dysphagia occurs in about 90% of children with neuro-
logical disorders.! Although feeding problems may lead
to medical disorders such as malnutrition or gastroen-
terological dysfunction, some other aspects should also
be taken into account. There are many research studies
showing a connection between feeding difficulties and
problems with cognitive skills, such as communication
difficulties and psychosocial problems: lower self-esteem,
social isolation and poor quality of life.>~* That is why spe-
cialists who take care of children with feeding problems
should be aware of how the treatment of children with
dysphagia is important for their patients and their sur-
roundings. For instance, the Oxford Feeding Study showed
strong correlations between the severity of motor delay and
dysphagia.’® It could be explained by the fact that disorders
of the central nervous system may affect the frontal/insu-
lar—basal ganglia—brainstem swallowing pathway.® There-
fore, children with dysphagia may have difficulty feeding
due to the absence of the suck-swallow reflex or the absence
of a gag reflex or hypersensitive reflex.” The diagnostic
methods and therapy for the sucking reflex seem to be well
known.® We think that the gag reflex should be explored
and taken into account during the process of diagnosing
and treating feeding difficulties in children.

The gag reflex, also known as the pharyngeal reflex, should
be fully developed at about the 32" week of gestation. The role
of this reflex is to prevent swallowing foreign objects and
the aspiration of a bolus into the respiratory tract.” The gag
reflex is controlled by both the glossopharyngeal (IX) and
vagus (X) nerves, in which the nerve roots exit the medulla
through the jugular foramen and descend on both sides
of the pharynx to innervate the posterior pharynx, poste-
rior 1/3 of the tongue, soft palate, and the stylopharyngeus
muscle. In the first few months of life, the sucking reflex and
gag reflex seem to be very strong. Starting around 6 months,
the gag reflex diminishes but does not disappear completely,
allowing infants to swallow more solid foods. Similarly,
the sucking reflex is replaced by the function of the mastica-
tory system.!” Children with neurological disorders may have
problems in eating because of problems with neurodevelop-
ment in general, which can be a result of brain injuries during
the perinatal period of life. This causes difficulties in neuro-
developmental skills and reflexes such as the suck-swallow
and gag reflexes and with functions such as mastication and
chewing. Sensorimotor dysfunction, as well as difficulties
with maintaining the position of the trunk and head, may
accompany dysphagia.>~!! What is more, children with neu-
rological diseases may suffer from gastrointestinal disorders
leading to malnutrition and inadequate growth.”

Swallowing and speech use similar oral muscles and
structures; therefore, it is possible that early patterns
of eating impairment may impact speech and sound de-
velopment.!? That is why indirect problems with eating
may lead to problems with cognitive skills.
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Therefore, we think that reflexes that are involved in eat-
ing should be monitored as early as possible to improve not
only safe feeding but also psychosocial skills.!** Feeding
problems may also lead to structural disorders such as tem-
poromandibular joint dysfunction (TMD).}>1¢ Abnormal
oral reflexes and functions are correlated with hyperactivity
of suprahyoid muscles.'’~' Nowadays, the association be-
tween the suck-swallow reflex and the posture during eating
seems to be satisfactory explored.?*!

Objectives

The purpose of this article was to analyze how the gag
reflex influences the structure of the masticatory system
in children with cerebral palsy. We hope that answering
this question will allow the development of an easy and
valid screening assessment and therapy regimen for chil-
dren with feeding disorders.

Materials and methods
Study design

This observational study was approved by the Bioeth-
ics Committee (approval No. 481/21) on June 21, 2021.
Informed consent was obtained from all subjects involved
in the study.

Setting
The study was conducted in a controlled clinical setting.
Participants

We assessed 25 children with neurological diseases
whose main diagnosis was cerebral palsy (16 girls and
9 boys with a median age of 11 years (range: 8—17 years)).
The main inclusion criterion was the 5% (V) level in the Eat-
ing and Drinking Ability Classification System (EDACS).
The EDACS enables the assessment of the functional ca-
pacity to eat and drink. There are 5 levels of the EDACS:

— Level I: eats and drinks safely and efficiently;

— Level II: eats and drinks safely but with some limita-
tions to efficiency;

— Level I1I: eats and drinks with some limitations to safety;

— Level IV: eats and drinks with significant limitations
to safety;

— Level V: unable to eat or drink safely. Tube feeding may
be considered to provide nutrition.??

Others inclusion criteria were the presence of the suck re-
flex, the diagnosis of neurological disorders (cerebral palsy)
and a 5" level of Gross Motor Function Classification System
(GMECS), which meant complete dependence on mobility,
function and locomotion of the child. GMFCS I means that
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a child can walk, run and jump on their own; GMFCS II
— that a child sometimes needs physical assistance; GM-
ECS III — that for long distances, children needed wheeled
mobility and they also walk short distances with a hand-
held mobility device; GMFCS IV — that physical assistance
or powered mobility is required in almost all settings; and
GMECS V qualifiers require a wheelchair for mobility and
have limited ability to control head and trunk positioning.
Exclusion criteria in the present research study included hy-
potension, active inflammation and tumors.

Variables

The variables of interest in this study were the gag reflex
and the shape of the soft palate. The gag reflex was checked
by stimulating the posterior pharynx using a tongue blade
when a child was in a semi-lying position. If a child pro-
duced a gagging reaction, we assessed it as 1 point, while
when it was absent in the child, we gave 0 points. An ortho-
dontist examined the shape of the soft palate and classified
it as either narrow, typical or wide.

Data sources/measurement

We used the Castillo—Morales questionnaire to assess
the gag reflex and soft palate. In compliance with ethical
guidelines, all participants were thoroughly briefed about
the study’s purpose, procedures and potential risks. They
had the opportunity to ask questions and could withdraw
at any time. Prior to participating, each the parents or le-
gal guardians of each participant provided their written
informed consent, affirming their understanding and vol-
untary agreement to participate. All consent forms have
been retained for verification purposes.

Study size

The study size was determined by the availability of par-
ticipants who met the inclusion criteria.

Statistical analyses

Calculations were performed using PQStat v. 1.8.6.120
software (PQStat, Poznan, Poland). A significance level
of a = 0.05 was adopted. The result was considered sta-
tistically significant when p < a. The normality of the age
distribution was examined using the Shapiro—Wilk test.
The relationship between variables was examined using
Fisher’s exact test or the Fisher—Freeman—Halton exact
test with Bonferroni correction for multiple comparisons.

Results

We observed that children who did not have gag reflexes
also did not have an abnormal structure to the palate.

On the other hand, children who had a gag reflex had
normal palates as well. There was no correlation between
the gag reflex and the structure of the palate.

We also checked whether there was any correlation be-
tween the paralysis of the soft palate and the presence
of a gag reflex. No correlations were noted.

Buccinator muscles are the muscular portion
of the cheek responsible for helping compress the cheek
against the teeth during actions such as chewing and
blowing — cheek muscles are involved with the shape
of the palate (p = 0.015, Table 1). If the tone of the bucci-
nator muscles was higher, then a narrow palate was more
often observed (p = 0.015) or even a gothic palate was seen
(p =0.017, Table 2,3). The palatal folds were observed more

Table 1. Fisher's exact test for association between the tension
of the cheek muscles and the structure of the palate

Summary 2-way table: Observed frequencies

Tension
of the cheek | Palatestructure: | Palate structure:
muscles Normal? Normal? Total row
1. Yes 2.No
1. Increased 0 7 7
2. Normal 8 5 13
Total 8 12 20

Fisher's exact test p = 0.015 — there is an association. A statistically significant
association with p < 0.05 was noted between the tension of the cheek
muscles and the structure of the palate. In cases of increased tension

in the cheek muscles, abnormal palate structure was more common.

Table 2. Fisher's exact test for association between the tension
of the cheek muscles and the presence of a narrow palate

Summary 2-way table: Observed frequencies

Tension
of the cheek | Palate structure: Palate structure:
muscles Narrow? Narrow? Total row
IRGH 2.No
1. Increased 7 0 7
2. Normal 5 8 13
Total 12 8 20

Fisher's exact test p = 0.015 — there is an association. A statistically
significant association with p < 0.05 was noted between the tension
of the cheek muscles and the presence of a narrow palate. Increased
tension in the cheek muscles was associated with a narrow palate.

Table 3. Fisher's exact test for association between the tension
of the cheek muscles and the presence of a gothic palate

Summary 2-way table: Observed frequencies

Tension
of the cheek Palate structure: Palate structure:
muscles Gothic? Gothic? Total row
1. Yes 2.No
1. Increased 6 1 7
2.Normal 3 10 13
Total 9 11 20

A statistically significant association with p < 0.05 was noted between
the tension of the cheek muscles and the presence of a gothic palate.
Increased muscle tension was associated with the presence of a gothic
palate.
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Table 4. Fisher’s exact test for association between tongue muscle
mobility and the presence of very distinct palate folds

Tongue Summary 2-way table: Observed frequencies
muscles: Are palate folds Are palate folds
Tongge very distinct? very distinct? Total row
mobility 1. Yes 2.No
1. Abnormal 0 5 5
2. Normal 11 4 15
Total 11 9 20

Fisher's exact test p = 0.008, there is an association. A statistically
significant association with p < 0.05 was noted between tongue muscle
mobility and the presence of very distinct palate folds. The presence

of pronounced palate folds was more common in individuals with
impaired tongue muscle function.

often in children with abnormal tongue muscle mobil-
ity (p = 0.008, Table 4). We also examined the rotator
and flexor muscles of the head and neck, and noted that
sternocleidomastoid muscles (SCM) were involved with
the shape of the palate (p = 0.031, Table 5,6). If the tone
of the SCM was higher, then a narrow palate was more
often observed (p = 0.031, Table 7,8). The palatal folds were

observed more often in children with hypertonic SCM
(p = 0.046, Table 9,10). However, statistical tests involving
the SCM were unable to determine any differing groups.

Discussion

Brainstem control is pivotal in orchestrating the com-
plex mechanisms of the gag reflex. Centered in the medulla
oblongata, the nucleus tractus solitarius (NTS) assumes
a central role, receiving sensory input from the orophar-
ynx via the glossopharyngeal (cranial nerve IX) and vagus
nerves (cranial nerve X). Afferent fibers convey touch, pres-
sure and taste sensations, crucial for triggering the gag
reflex. The trigeminal (cranial nerve V) and facial nerves
(cranial nerve VII) may also contribute to sensory modu-
lation. The efferent fibers from the glossopharyngeal and
vagus nerves relay signals to the muscles involved in the re-
flex, while the hypoglossal nerve (cranial nerve XII) aids
in coordinating motor responses. The N'TS acts as an in-
tegrating center for sensory information, not only from
the oropharynx but also from visceral organs, influencing

Table 5. Fisher-Freeman—Halton exact test for association between rotator and flexor muscles of the head and neck and palate structure

Summary 2-way table: observed frequencies

Rotator and flexor muscles

of the head and neck Palate structure — normal?

Palate structure — normal?

1. Yes
1. Asymmetrically increased 6
2. Symmetrically increased 2
3. Normal 0
Total 8

2 No Total row
7 13
0 2
5 5
12 20

Fisher—Freeman—Halton exact test p = 0.031, there is an association.

Table 6. Bonferroni multiple comparison for association between rotator and flexor muscles of the head and neck and palate structure

Rotator and flexor muscles
of the head and neck

Bonferroni multiple comparison: p-value, x2/*Fisher (Cochran's nonspecific)

0.342437%
0.142857*

1. Asymmetrically increased
2. Symmetrically increased

3. Normal -

2. Symmetrically increased 1. Asymmetrically increased
1% -
— ‘|*

0.142857* 0.342437*%

Since Table 5 presents the Fisher-Freeman-Halton exact test indicating an association between the rotator and flexor muscles of the head and neck and
the palate structure (p = 0.031), it was necessary to identify which groups differed. However, after applying the Bonferroni multiple comparison method,

it was not possible to determine specific group differences.

Table 7. Fisher-Freeman-Halton exact test for association between rotator and flexor muscles of the head and neck and palate shape

Summary 2-way table: Observed frequencies

Rotator and flexor muscles

of the head and neck Palate structure: Normal?

Palate structure: Normal?

1. Yes
1. Asymmetrically increased 7
2. Symmetrically increased 0
3. Normal 5
Total 12

2 No Total row
6 13
2 2
0 5
8 20

Fisher—Freeman-Halton exact test p = 0.031, there is an association.
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Table 8. Bonferroni multiple comparison for association between rotator and flexor muscles of the head and neck and palate shape

Rotator and flexor muscles
of the head and neck

Bonferroni multiple comparison: p-value, x2/*Fisher (Cochran's nonspecific)

3. Normal
1. Asymmetrically increased 0.342437*%
2. Symmetrically increased 0.142857*

3. Normal _

2. Symmetrically increased 1. Asymmetrically increased
1% -
- ]*

0.142857* 0.342437*%

Since Table 7 presents the Fisher—Freeman-Halton exact test indicating an association between rotator and flexor muscles of the head and neck and
palate shape (p = 0.031), it was necessary to identify which groups differed. However, after applying the Bonferroni multiple comparison method, it was not

possible to determine specific group differences.

Table 9. Fisher-Freeman-Halton exact test for association between rotator and flexor muscles of the head and neck and palate folds

Summary 2-way table: Observed frequencies

Rotator and flexor muscles

of the head and neck Are palate folds very distinct?

Are palate folds very distinct?

1. Yes
1. Asymmetrically increased 5
2. Symmetrically increased 1
3. Normal 5

Total 11

2 No Total row
8 13
1 2
0 5
9 20

Fisher-Freeman—Halton exact test p = 0.046, there is an association.

Table 10. Bonferroni multiple comparison for association between rotator and flexor muscles of the head and neck and palate folds

Rotator and flexor muscles
of the head and neck

Bonferroni multiple comparison: p-value, x2/*Fisher (Cochran's nonspecific)

3. Normal
1. Asymmetrically increased 0.107843*%
2. Symmetrically increased 0.857143*

3. Normal -

2. Symmetrically increased 1. Asymmetrically increased
1% -
— ]*

0.857143* 0.107843*

Since Table 9 presents the Fisher—Freeman-Halton exact test indicating an association between rotator and flexor muscles of the head and neck and
palate folds (p = 0.046), it was necessary to identify which groups differed. However, after applying the Bonferroni multiple comparison method, it was not

possible to determine specific group differences.

reflex modulation. Beyond the brainstem, higher brain
regions, particularly the cerebral cortex, exert influence
on emotional and cognitive factors impacting the reflex.
Neurotransmitters like serotonin, GABA and glutamate
play a role in modulating the gag reflex by influencing
neuronal excitability. Neural plasticity in the central ner-
vous system contributes to the adaptation or impairment
of the reflex over time, with changes in synaptic strength
influenced by experiences, trauma or neurological disor-
ders.?>2¢ Understanding these intricate neural pathways
not only sheds light on variations in the gag reflex but
also enhances the comprehension of feeding challenges
and clinical implications like dysphagia in neurological
disorders.

Brainstem lesions and associated neurological disor-
ders can lead to dysfunction of the gag reflex. Damage
to the NTS or the glossopharyngeal and vagus nerves,
commonly seen in brainstem lesions, may result in either
an impaired or hyperactive gag reflex. Beyond the brain-
stem, dysregulation of broader neural networks, including
the cerebellum and basal ganglia, can disrupt the coordi-
nation of motor responses during the gag reflex, contribut-
ing to feeding difficulties. Imbalances in neurotransmitter

systems, such as serotonin and GABA, further complicate
the scenario, impacting neural activity in the brainstem
and associated areas. Considering developmental aspects,
children with neurological disorders face challenges
as their nervous systems are still maturing, potentially
influencing the establishment of normal feeding behaviors.
Additionally, higher brain regions involved in cognitive
and emotional processing may exacerbate or modulate
the gag reflex in the context of neurological disorders.
The muscles of the head and neck are involved in struc-
tural and functional development of the masticatory system
and primarily with reflexes of this system. We presented
for the first time a study that showed that hypertonic
SCM (cranial nerve XI) is related to the abnormal shape
of the palate in children with cerebral palsy. Similar cor-
relations were found between temporal (cranial nerve V)
and buccinator muscles (cranial nerve VII).?” The gag
reflex involves bilateral pharyngeal muscle contractions
and elevation of the soft palate. That is why reflexes such
as sucking, swallowing and gagging may be responsible
for the shape of the palate. If the reflexes are retained then
the lack of pressure may affect the structure of the palate.?®
During the initiation time of oral functions to full oral
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feeding, various internal and external factors influence
palatal development and lead to a higher risk for facial ab-
normalities and other orthodontic consequences. Children
who have cerebral palsy may have disorders in the shape
of the palate because of intubation and positioning. For
instance, children who were not intubated have a lower
palatal depth compared to intubated children.?

Recognizing the variability in the nature and extent
of neurological deficits among affected children is crucial
for tailoring interventions and management strategies.
Targeted rehabilitative approaches, encompassing physical
therapy, sensory integration strategies and interventions
focused on neural plasticity, offer promise in improving
the gag reflex and overall feeding abilities.>~3? A multi-
disciplinary collaboration involving neurologists, speech
therapists, occupational therapists, and nutritionists is in-
dispensable for addressing the multifaceted nature of neu-
rological deficits impacting the gag reflex. By delving into
the intricate connections between neurological deficits
and the gag reflex, researchers and clinicians can develop
nuanced strategies for the assessment and management
of feeding difficulties in children with neurological dis-
orders, ultimately enhancing the quality of life for both
the affected child and their families.

Children with neurological diseases may not present
a gag reflex upon stimulation.”?? On the other hand, gag-
ging during feeding in early childhood is one risk factor
for developing dysphagia.3* There is a study that showed
that the specificity of the gag reflex in detecting dysphagia
was 96%, with a sensitivity of 39%. The presence of the gag
reflex means that a person has protection against long-
term swallowing problems.?® That is why the gag reflex
is called a protective reflex. One of the functions of the gag
reflex is to prevent swallowing foreign objects and pre-
vent choking or aspiration.® That is why patients with
severe cerebral palsy who do not have a gag reflex may
suffer from aspiration pneumonia as a major complica-
tion, which is dangerous because of its association with
their survival prognosis.?® Gagging is sometimes called
a vital reflex because its role is to stop unwanted bolus
entry into the oropharynx, which helps in avoiding aspi-
ration of food into the airways since may lead to death.?”
It is sometimes called a “must part” of the assessment
of brainstem function.® The gag reflex, which is the most
easily and commonly tested airway reflex and the absence
of which is recognized as one of the criteria for brainstem
death, should be a part of the typical assessment of chil-
dren with feeding difficulties. Neurons controlling gagging
or vomiting are associated with nuclei within the brain-
stem controlling vasomotor, respiratory, salivary, vestibu-
lar, and cardiac activity.®® The afferents of the gag reflex go
to the medulla oblongata. That is why the heart rate may
be indirectly influenced by the gag reflex.>* A normal gag
reflex is controlled mainly by the parasympathetic division
of the autonomic nervous system. Children with cere-
bral palsy may present higher activity of the sympathetic
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nervous system and higher vasomotor tonicity resulting
from lesions in specific brain sites that can cause periph-
eral blood vessel vasoconstriction and constrain cuta-
neous blood flow. This is because contracting muscles
need to be able to increase their blood flow.*® Although
the gag reflex is governed mostly by the parasympathetic
nervous system, both parasympathetic and sympathetic
activations are observed during the stimulation of the gag
reflex.*! Therefore, some children with cerebral palsy have
absent gag reflex, while others have a pronounced one.?”
Certainly, further studies are needed to describe the re-
lationship between the occurrence of the gag reflex and
the activation of the autonomic nervous system in children
with neurological disorders.

The muscles of the head and neck are involved in struc-
tural and functional development of the masticatory sys-
tem and primarily with reflexes of this system. It is the first
study to show that hypertonic SCM is associated with
the abnormal shape of the palate in children with cerebral
palsy. Similar correlations were found with the temporal
and buccinator muscles. The gag reflex involves bilateral
pharyngeal muscle contraction and elevation of the soft
palate.” That is why reflexes such as sucking, swallowing
and gagging may be responsible for the shape of the palate.
If the reflexes are retained, then the lack of pressure may
influence the structure of the palate.?® During the time
of oral function initiation to full oral feeding, various in-
ternal and external factors influences may affect palatal
development and lead to a higher risk for facial abnor-
malities and other orthodontic consequences. Children
who have cerebral palsy may have disorders in the shape
of the palate because of intubation or positioning. For in-
stance, children who were not intubated revealed a lower
palatal depth compared to intubated children.?? Our ob-
servations indicated that the gag reflex may also influence
the shape of the palate, in a manner analogous to the find-
ings of Asdaghi Mamaghani et al., who demonstrated that
patients with cerebral palsy exhibited an abnormal flatten-
ing of the palatal arch.?® Abnormalities in palate forma-
tion in children may have serious functional and cognitive
consequences in terms of speech, mastication, the mode
of breathing, swallowing, and Eustachian tube function.
The most fragile months in the growth of the palate are
from birth up to 3 months when the sagittal direction
changes the most and the round arch changes into oval
arch forms.*? This is the rationale behind the previous
studies, which demonstrated the necessity of examin-
ing neurobehavioral disorders, including the gag reflex
in neonates or children aged 3 months, in order to provide
the most appropriate therapy, which can help children
to eat (when fed orally) without any problems.344

The gag reflex may be evoked by stimulation of the poste-
rior pharyngeal wall, tonsillar area or the base of the tongue.
It is an essential component of evaluating the medullary
brainstem and plays a role in the declaration of brain
death 24344
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Gagging is responsible not only for the structure but also
for the function of such structures as the tongue, hyoid
bone and soft palate. Glossopharyngeal and vagus nerves
control the gag reflex as well as innervate the soft palate.
We showed that children who did not have a gag reflex
also had paresis of the soft palate. Normally, intraoral
stimulation of the gag reflex is connected with the af-
ferent reaction of fibers from the trigeminal, glossopha-
ryngeal and vagus nerves, which report to the medulla
oblongata.?® The neural control of the soft palate is similar.
Both the glossopharyngeal (IX) and vagus (X) nerves con-
tribute to the innervation of the palatoglossus and pala-
topharyngeus.*® The functions of the soft palate depend
on reflexes mediated by sensory nerve endings. The soft
palate is also engaged in such motor activities as respira-
tion, swallowing and speech.*’ This relationship shows
the importance of functions or reflexes on the structure
of the soft palate and vice versa. The orofacial complex
comprises the oral cavity organs as well as the facial
part — muscles of the masticatory system and the mo-
tor coordination areas of the nervous system.*® The gag
reflex is regarded as a part of neurocognitive behaviors.
An abnormal gag reflex, together with abnormal volitional
cough, dysphonia, dysarthria, coughing after swallowing,
and voice changes after swallowing, are known as clini-
cal features of the risk of aspiration. The gag reflex is one
of the clinical and cognitive predictors of swallowing re-
covery in patients with brain injuries.*” The gag reflex
may be initiated by either somatic stimuli (i.e., sensory
nerve stimulation from direct contact) or psychogenic
stimuli (i.e., by higher centers in the central nervous
system). Not only typical physical stimuli such as tactile
stimulation of the oropharynx by placing an object next
to the uvula, the posterior pharyngeal wall, the tonsillar
area or on the base of the tongue may evoke the gag reflex,
but also such psychological factors as fear, stress or phobia
can trigger gagging. As a result, efferent impulses give
rise to spasmodic and uncoordinated muscle movement.
This results in the center in the medulla oblongata being
activated during gagging. That is why the management
strategies for optimizing the gag reflex may be different
— both conventional and complementary, such as behav-
ioral techniques, pharmacological techniques and com-
plementary therapies.>® Future studies should be devel-
oped to describe the treatment of hyper and hyporeflexia
of the gag reflex. This study aimed to show how important
the gag reflex is as a vital reflex as well as a reaction that
has influences on the structure and psychomotor function.
One of the psychomotor and cognitive aspects which is as-
sociated with the gag reflex is communication. Therefore,
all professionals working with children with developmen-
tal disabilities should know how to check the gag reflex.

What is more, because of the period of dominating re-
flexes lasts from birth to approx. 6—7 months, early inter-
vention, examination and therapy seem to be very impor-
tant, especially in the first months of life.!° This is why

733

it is important to examine the orofacial region, including
the gag reflex, during the child’s development.

The management of feeding dysfunction in children with
neurological disorders should be complex and requires
well-coordinated multidisciplinary teams who clearly
communicate with families.??

Limitations

The limitation was that only 25 children with neuro-
logical diseases were evaluated and the main diagnosis
was cerebral palsy. Although the condition is rare, future
studies should consider increasing the number of study
participants to make the results more representative.

Conclusions

Children with neurological disorders, such as cerebral
palsy, are a very heterogeneous group that requires spe-
cial orthodontic treatment as well as close interdisciplin-
ary cooperation.?® Proper complex care of children with
neurological diseases is possible only if they are properly
examined. One of the elements of this examination should
be checking the gag reflex.
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Abstract

Background. The conservative treatment of idiopathic scoliosis (IS) may be enhanced through a combination
of specialized physiotherapy, bracing, and the utilization of assistive devices.

Objectives. This study aims to evaluate the efficacy of the GraviSpine device in supporting the conservative
treatment of IS in children.

Materials and methods. A cohort of 142 patients, aged 1017 years with an average age
0f 12.76 +1.75 years, undergoing treatment for IS with specific physiotherapy and bracing, received additional
treatment with the GraviSpine device. The participants, selected based oninclusion and exclusion criteria, were
divided into 2 age groups: group A (10—12 years) and group B (13—17 years). The mean follow-up period was
28.71410.98 months. The assessment involved changes in post-treatment trunk rotation angles (ATR), Cobb
angles, and functional lower limb length discrepancies (FLLDs) concerning age groups and scoliosis location.

Results. The proportion of patients showing improvement and stabilization was high in bath groups A and B,
at71% and 90%, respectively. In group B, a significant reduction in the mean Cobb angle of —1.83° +-6.88°,
p < 0.002, was observed. Furthermore, a significant decrease in the incidence of FLLDs was noted in thoracic
and lumbar scoliosis locations, p < 0.002.

Conclusions. To enhance the effectiveness of conservative treatment for IS, the utilization of an assistive
device such as GraviSpine may be considered, particularly when the child presents functional inequality
of the lower limbs.

Key words: body posture, scoliosis, physiotherapeutic exercises specific to scoliosis, conservative treatment
of scoliosis
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Background

Idiopathic scoliosis (IS), characterized by a three-dimen-
sional (3D) deformity of the spine, manifest in seemingly
healthy children and can progress during periods of rapid
growth.!=3 The etiology of IS remains elusive, with reports
suggesting that scoliosis formation and progression may
stem from the combined influence of various factors.? Fac-
tors implicated in curvature progression include distur-
bances in central control of spinal posture*® and pelvic
asymmetries.”"1° Research indicates that the body schema,
a stable yet adaptable representation of the central nervous
system, can be influenced by sensory experiences.® Chil-
dren with IS may lack clear awareness of trunk misalign-
ment, leading to gradual adaptation of their body pattern
to the scoliotic state without recognizing the deformity.'>12

In the construction of a body diagram, particularly
in children at risk for the development of IS, the pelvic
aspect and functional length of the lower limbs are cru-
cial.1*-20 Numerous studies underscore the impact of func-
tional leg length discrepancies (FLLDs) during childhood
on the internal stresses within pelvic structures, poten-
tially resulting in structural adaptive changes and pelvic
asymmetries.?!=23 Pelvic asymmetry, in turn, may con-
tribute to spinal developmental disorders.” %16 Grivas
et al. suggest that FLLD affects 3—15% of the population
and may stem from muscle contractures, biomechanical
issues of pelvic joints, and dysfunction in other lower limb
joints. Therefore, early detection and correction of FLLDs
are reported to not only benefit IS but also aid in correcting
lower limb deformities.?4-2¢

The aforementioned findings and years of clinical ob-
servations inspired Dr. Marek Kluszczyniski, a co-author
of this study, to develop the innovative GraviSpine device
(Technomex Sp z o.0., Gliwice, Poland). This device re-
sembles an inversion table on which the child lies on their
back and is suspended upside down at an angle of approx.
20-30° held in place by 1 or both lower limbs (Fig. 1).

Fig. 1. GraviSpine device developed by M. Kluszczyrski
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Fig. 2. Asymmetric breathing exercises combined with passive curvature
correction by pads

GraviSpine features movable side pads mounted on rails
at right angles to the child’s torso. Upon placing the child
on the device, the physiotherapist positions the corrective
pad’s arm on top of the curvature, applies a pad to the torso,
and adjusts the sliding lever of the pad, resulting in com-
pression of the torso from the back and side to the front
and center, thus actively correcting the scoliotic curve.
During the GraviSpine procedure, the patient concurrently
performs derotational breathing exercises, which are fa-
cilitated by passive pad correction (Fig. 2).

Properly constructed rotating head pads enable simulta-
neous correction of the spine in the frontal plane and dero-
tation of the spine in the transverse plane by applying pres-
sure to the trunk at the correct angle (Fig. 2). GraviSpine
leverages a reverse gravity phenomenon and passive 3D
correction to stretch the contracted support structures,
including the ligaments, tendons, muscle attachments,
joint capsules, and intervertebral discs on the concave side
of the curvature.

The arrangement of the articular surfaces in the facet
joints of the spine in a standing position favors spine sta-
bilization, posing challenges for correcting the deformed
spine in scoliosis. Conversely, relieving spinal joints
in the antigravity position causes the articular surfaces
to move apart (Fig. 3A).

Relaxation of the intervertebral joints and supporting
tissues reduces the pressure required from the corrective
pad to correct the curvature?” (Fig. 3B).

If a child with scoliosis exhibited FLLDs during the ex-
amination, they were positioned on the GraviSpine with
1 (the functionally shorter) lower limb behind, aim-
ing to increase tensile forces on the pelvic connections
of the lumbosacral spine and pelvic internal ligaments
(Fig. 4). The distribution of force vectors on the GraviSpine
is illustrated in Fig. 5.

When the patient’s lower limbs are secured on an in-
clined plane, a frictional force (T) acts along the surface
of the plane, preventing the body from sliding down-
ward. Additionally, gravitational forces (Fg) and reaction
forces (R) act on the body, along with the pressure ex-
erted by the body on the plane. The contact force equals
the component of the weight normal to the surface (F2).

The sliding force (F1) is the force that could poten-
tially cause the person to slide off the plane, representing
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A In standing position on GraviSpine
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< 2 % In antigravity position
In standing position on GraviSpine

Fig. 3. A. Relaxing the facet joints during stretching; B. stretching the spine allows you to use less force to correct the curve

Fig. 4. Attaching the GraviSpine to the right (shortened) limb allows
stretching of the pelvic ligaments and mobilization of the sacroiliac joints and
contracted myofascial structures, which reduces or even eliminates FLLDs

the tensile force of the pelvic structures on the shortened
side of the lower limb. It is a component of the gravitational
force acting parallel to the plane, according to the formula:

F1=|Fg| x sin(a),

where a — angle between the force and the direction
in which the gravitational force acts.

The decision to utilize GraviSpine to influence the hip
girdle system in compensating for FLLDs stemmed from
the authors’ prior experience with the inversion table,
practical insights in manual therapy, and literature re-
ports confirming the positive impact of FLLD alignment
on scoliosis.”!®

Contraindications for the use of GraviSpine include:

« Post-surgical treatment of scoliosis;

« Infectious diseases affecting bodily functions;

«+ Congenital malformations of the osteoarticular sys-
tem, especially of the spine and lower limbs, pose a risk
of spinal cord injury during the procedure;

+ Congenital osteogenesis imperfecta;

Fig. 5. Distribution of the force vectors acting on the patient using
GraviSpine

+ Neurological conditions predisposing the child to pro-
cedural complications (e.g., epilepsy); and

» Cardiovascular disorders (after consultation with
a cardiologist).

Other assistive devices are currently employed in the con-
servative treatment of IS globally. One such device utilizes
the method referred to as fixation in space, elongation,
derotation (FED), developed by Ferdinand Sastre. This
device’s structure and function resemble GraviSpine, but
the child is positioned in the standing position (Fig. 6A).

The device operates by passively correcting curvatures
using hydraulic pads with vertical traction of the spine
fixed under the armpits.?#%° The goal of FED is to equalize
pressure on the facet joints of the vertebrae, which differs
on the concave and convex sides of the curvature, a factor
perceived by the author as contributing to IS development.

Another device, “SKOL-AS,” devised by Andrzej
Stolarz,3° employs active-passive correction of curva-
tures in a seated position, coupled with asymmetrical
breathing controlled by measuring pressure in cushions
on the concave side of the curvature. To enhance efficacy,
biofeedback, and visualization of pressure are utilized.
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Fig. 6. A. FED device developed by Dr. F. Sastre; B. “SKOL-AS" device developed by A. Stolarz; C. “Delfin” device developed by T. Szurmik, J. Sitarz, and M. Segiet

According to the author, exercises on the SKOL-AS device
serve as a form of postural re-education, combining 3D
active-passive correction with proprioceptive stimulation
techniques to program a new pattern of correct posture
in the central nervous system (Fig. 6B).

Another assistive device, “Delfin,” designed by Tomasz
Szurmik, J6zef Sitarz, and Marek Segiet, utilizes the Klapp
position for passive-active self-correction of scoliosis by com-
pressing the rib hump and lumbar shaft using properly po-
sitioned pads in an exercise known as “cat’s back” (Fig. 6C).

The GraviSpine device utilized in this study is distin-
guished by its ability to not only provide active-passive
curvature correction but also affect the hip girdle system
using the antigravity phenomenon.

Objectives

This study aimed to assess the effectiveness of GraviSpine
in supporting Physiotherapeutic Specific Scoliosis Exer-
cises (PSSE) and bracing in the treatment of IS, as well
as in eliminating functional inequalities in the lower limbs.

Materials and methods

The study received approval from the Jan Dlugosz Uni-
versity Ethical Committee under resolution KE-U/10/2021,
dated September 28, 2021, and adhered to the principles
of the Declaration of Helsinki. All parents of the par-
ticipants were briefed on the study’s objectives and pro-
cedures, and their written consent was obtained prior

to commencement. Individuals depicted in photographs
provided written consent for the publication of their
images.

Conducted at the “Tronina” Medical Rehabilitation Cen-
ter, the study utilized data from patients treated between
2017 and 2021. Patients and their parents/caregivers were
informed by physicians about the methods and proce-
dures involved and provided written consent for treatment.
Qualifications for treatment were based on X-ray examina-
tions in accordance with the criteria outlined by the Soci-
ety on Scoliosis Orthopedic and Rehabilitation Treatment
(SOSORT),?! specifically Cobb scoliosis >10° combined
with vertebral rotation.

The study group received outpatient treatment follow-
ing a standardized protocol, comprising weekly sessions
lasting 90 min each. Treatment included 40 min of indi-
vidual exercises based on selected schemes from the PSSE
methods by Dobomed and Schroth, 2 sessions of 20 min
each of derotational breathing exercises on the GraviSpine
device,3? and 10 min devoted to learning correct posture
during daily activities.

For each child, the physiotherapist recommended
2-3 exercises to be performed at home between ses-
sions. If a FLLD was detected during clinical assessment,
the GraviSpine suspension was adjusted to accommodate
the shorter limb and correct the FLLD. A difference of 0.5
to 1.9 cm was considered indicative of a FLLD, while a dif-
ference exceeding 2 cm prompted additional examination
with a tape measure to assess for structural limb shorten-
ing, which was an exclusion criterion. Although each child
followed the same treatment model, exercises varied based
on individual factors such as the type of IS, orthopedic



Adv Clin Exp Med. 2025;34(5):737-746

deficits (e.g., muscle contractures, valgus knees, or tar-
sus), and sensorimotor deficits (e.g., posture, balance, and
coordination disorders).

In the study group, 32% of children underwent com-
bined therapy with PSSE, GraviSpine, and a Cheneau brace,
in accordance with SOSORT criteria. This combination
was recommended when the Cobb angle of the greatest
scoliosis curvature was >20° and a Risser stage between
0-3.3! Despite the recommendation of wearing the brace
for 23 h a day, actual usage, as reported by parents, ranged
between 6 and 12 h daily. The duration of brace treatment
varied from 6 to 38 months. Every 3 months, treatment
progress was assessed by a physician through evaluation
of the trunk rotation angle (ATR) using the Bunnell sco-
liometer, anteroposterior spinal curvature angles using
a Saunders inclinometer, and brace fit. Functional lower
limb length discrepancies were evaluated based on the level
of heels when lying supine, following methods described
by Cooperstein,®® modified by Travella et al.,>* and Fri-
berg et al.>> Cobb angles were analyzed from initial and
final X-rays. X-rays were measured twice using standard
computer radiography software (RSR2LITE) by a specialist
radiologist with 21 years of experience, who was blinded
to patient data, and the results were averaged. In cases
involving brace treatment, correction was consulted with
an orthopedic technician. The treatment was conducted
by a team consisting of 2 doctors, 8 physiotherapists,
and 2 orthopedic technicians, working closely together.
The mean follow-up period was 28.71 +10.98 months.

Participants

Inclusion criteria included newly diagnosed children
meeting the SOSORT criteria for IS,3! attending weekly
visits for a minimum of 2 treatment cycles consisting
of 10 sessions each, having a Risser stage between 0—4, and
undergoing at least 1 year of follow-up. Exclusion criteria
encompassed the presence of secondary scoliosis (congeni-
tal, neurological, metabolic, post-traumatic, etc.), mental
retardation, respiratory disease, and prior treatment of IS
using other methods.

The study group meeting these criteria included 142 chil-
dren out of a total of 228 treated at the center, aged between
10 and 17 years, with an average age of 12.76 +1.75 years.
Women predominated, constituting 121 (85.2%) of the par-
ticipants, with a mean age of 11.85 +3.2 years, while 21 men
(14.8%) with a mean age of 12.54 +3.05 years were included.
Patients were categorized into 2 age groups: group A (10—
12 years old, n = 66) and group B (13-17 years old, n = 76),
based on center protocols and established literature.3!

Data analysis
Initial and final X-rays were used to analyze Cobb an-

gles. Improvement in the curve (Cobb angle decrease >5°),
stability (Cobb angle change +5°), and progression (Cobb

M

angle increase >5°) were compared.! Similarly, initial and
final measurements were utilized to analyze ATR values,
with improvements (ATR angle decrease >2°), stability
(ATR angle change +2°), and progression (ATR angle in-
crease >2°) assessed.?!

Statistics

Due to the non-parametric distribution of data (verified
via Q—Q plots), differences between pre- and post-treatment
results were assessed using the Wilcoxon signed-rank test.
The discrepancy in the functional length of the lower limbs
was evaluated based on heel level in the supine position, as-
suming a difference of >5 mm.!3 Fisher’s test was employed
to analyze relationships between categorical variables.

Results

The mean follow-up was 28.71 £10.98 months. The Cobb
angles ranged from 10° to 46° within the group, with an av-
erage of 24.36° £11.82°. The range of ATR was from 3° to 16°,
with an average of 6.99° £2.95°. Double-curved scolio-
sis predominated, with over 33% of children exhibiting
a FLLD. The mean Risser score values for groups A and B
were 1.38° +1.4° and 2.33° +1.1°, respectively (Table 1).

In group B, a statistically significant mean reduction
in the Cobb angles after treatment was observed, amount-
ing to 2.33° +1.1° with p = 0.002. Conversely, in group A,
the post-treatment mean Cobb angle also decreased, but
not significantly, by 1.38° £1.4°. The percentage of positive
treatment effects was high and increased with age, with
the most frequent occurrences of improvement and stabili-
zation found in group B (25% and 65%, respectively), while
worsening was observed in only 10% of patients. Group A
exhibited slightly lower frequencies, with improvement
and stabilization at 18% and 53%, respectively (Table 2,3).

Significant differences in changes in the Cobb angle
were observed depending on the location of the curvature.
In the thoracic spine, group B reported significant reductions
of —2.2° +7.54° (10.17%), with improvement and stabiliza-
tion in 23% and 67% of cases, respectively, and deterioration
in 10% of patients. Group A showed slightly poorer results,
with the mean Cobb angle decreasing by —1.62° £9.36°, pre-
dominantly exhibiting stabilization in 54% of cases, while
improvement and deterioration were equally present in 23%
(Fig. 7). In Fig. 7, the upper and lower whiskers represent
scores outside the middle 50% (i.e., the lower 25% of scores
and the upper 25% of scores). The median marks the mid-
point of the data and is shown by the line that divides the box
into 2 parts. Points represent outliers.

In the thoracolumbar spine, the most significant re-
duction in Cobb angles was observed in group B, where
87% exhibited stabilization and 13% showed progres-
sion, with a mean Cobb angle decrease of —2.2° +6.58°
(6.36%). Group A had slightly inferior outcomes, with
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Table 1. Main characteristics of the patients A B
Variable | Parameter Value (%) ‘
n 142 (100) 60 ) .
average (SD) 1281 +2.27 *
Age di 1-Q3 13(10.25-15 % :
median (Q1-Q3) (10.25-15) _§40_ . . :
range 10-17 2
)
girls 121 (85.2)
Gender 20
boys 21(14.8)
n 139
average (SD) 6.99 +2.95 ¢
ATR before treatment Th Th-L L Th Th-L L
median (Q1-Q3) 6 (5-9) Group
range 3-16 E3 before =m after
Th 56 (394) Fig. 7. Change in the Cobb angle relative to the location of curvature
Location of dominant
Th-L 28(19.7)
curvature
L 58 (40.9)

Scoliosis type single arch 34(23.9) 62% experiencing stabilization, 15% improvement, and
double arch 108 (76.1) 23% deterioration, resulting in a mean Cobb angle reduc-
average (SD) 2436°+11.82° tion of —1.62° £7.07° (-3.24%, Fig. 7). In the lumbar spine,

i(rg:tys;ﬁb angle before median (Q1-Q3) 22 (15-30) group B also achieved better results, with a 39% improve-

ment and 51% stabilization, compared to group A’s 15%
range 10-75 . O . .
e my— improvement and 45% stabilization (Fig. 7).
I . . . . . re . .
gf A statistically significant reduction in mean post-
FLLD before treatment eft 14 99) treatment ATR was noted for the entire group, decreas-
<g)E] 25 (062 ing from a baseline ATR of 6.99° +2.95° to 6.14° +2.71°
n 47 (p < 0.001). The most significant reductions in ATR were
_Améﬁ_ﬂt Otf Shotr)tef”'”g average (SD) 832 (3.43) observed in the lumbar section, decreasing from 6.52 +2.51
It?er:tlm?ni e beore median (Q1-Q3) 7 (6-10) to 5.45 +2.19 (p < 0.001), and thoracolumbar section, de-
range 3220 creasing from 8 £2.96 to 6.29 +2.4 (p < 0.002, Table 4).
oq o Following treatment, a significant reduction in FLLD

Skeletal maturity group A 138°+1.4 b gd in both th }% . B a1

2ceording tolRiSser group B 334 1e was observed in both the thoracic (p = 0.002) and lum-

ATR - angle of trunk rotation; FLLD — functional lower limb length
discrepancies; n — number; Th - thoracic; Th-L - thoraco-lumbar;
L —lumbar; SD - standard deviation.

Table 2. Change of Cobb angle before and after treatment in groups

bar (p = 0.002) sections. The pre-treatment rate of FLLD
ranged from 14.3% to 24.4%, while post-treatment rates
ranged from 1.8% to 7.1% (Table 5).

Group (n =142)

Parameter
n 66 76
Gender: F/M 55/11 66/10
Age group [years] 10-12 13-17
mAge [years] 10.67 +0.81 14.67 £1.25
mRg 138+14 233411
before treatment 2042 £13.17; 26.15+£10.6;
17 (12-23) 25 (19.5-34.25)
mCobb
I —— 19.96 £12.28; 2432 £11.54;
18 (12.25-23.75) 23 (16-32)
test/effect size 0.654 (U = 1074)/0.060 0.002 (V=1901.5)/0.351
046 +8.95 1.83 +6.88
0,
ACD% (8.28%) (6.31%)

n - number; F — female; M — male; mAge [years] — mean age +£SD [years]; mRg — mean Risser grade +SD; mCobb — mean Cobb angle £SD° median
(Q1-Q3); test/effect size-value and U statistic of Wilcoxon signed-rank test and effect size — value of r effect size; ACD% — angle correction in degrees +5D
(percentages).



Table 3. Numbers and percentage values of IS improvement, stabilization, and progression - total

Improvement Stabilization Progression
% % %
A: 66/33.2 12 18 35 53 19 29
B: 76/38.2 19 25 49 65 8 10

Table 4. Change in ATR relative to the location of curvaturet

Section of the spine/n Parameter Before treatment After treatment *Test/effect size
average (SD) 6.99 (2.95) 6.14(2.71)
Total / 139 median (Q1-Q3) 6 (5-9) 6 (4-7.5) <0.001 (U = 4496)/0.327
range 3-31 3-16
average
(SD) 6.95 (3.27) 6.78 (3.18)
Thoracic (Th) / 55 e 6 (4-95) 6(5-8) 0.575 (U =520)/0.060
range 3-25 3-15
average
(D) 8(2.96) 6.29 (2.4)
Thoraco-lumbar (Th-L) / 28 median (Q1-Q3) 75(5.75-9.25) 6(4.75-7) 0.002 (U = 258)/0.587
range 3-16 4-16
average
(SD) 6.52 (2.51) 545(2.19)
Lumbar (L) / 56 e 6(5-8) 5 (4-7) 0.001 (U =806)/0.445
range 3-31 3-13

*test/effect size — p-value and U statistic of Wilcoxon signed-rank test and effect size — value of r effect size.

Table 5. Changes in the shortening of the lower limb of patients before and after treatment

Shortening of the lower limb before

Parameters Shortening side *Test/effect size
treatment
thoracic (Th)
n (56)
B left equal right B
n(5) n (38) n(13)
left 20% 0% 0%
n (1) n (1) n (0) n (0)
equal 80% 100% 76.9%
n(52) n4) n(38) n(10) 0.002/0.431
right 0% 0% 23.1%
n@3) n (0) n (0) n(3)
thoraco-lumbar (Th-L)
n(28)
) 5 left equal right B
Shortening n@3) n(19) n (6)
of the lower limb after
P—— equal 100% 100% 83.3%
n27) n(3) n(19) n (5)
0.321/0.367
right 0% 0% 16.7%
n (1) n (0) n (0) n (1)
lumbar (L)
n (58)
_ left N equal right B
(6) n (38) n(14)
left 16.7% 0% 0%
n(2) n (1) n (0) n (0)
equal 83.3% 100% 78.6%
n (53) n (5) n (38) n(11) 0.002/0.401
right 0% 0% 24.4%
n(3) n (0) n (0) n(3)

*test/effect size — p-value of Fisher's exact test and effect size — value of V Cramer effect size.
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Discussion

The study assessed the efficacy of GraviSpine-assisted
PSSE and bracing therapy in children with IS, focusing
on changes in Cobb, ATR, and FLLD angles post-treatment.
While the use of devices in the conservative management
of IS is well established, there are few reports evaluating
their effectiveness. The treatment model employed in this
study involved weekly treatment sessions and daily PSSE ex-
ercises at home under parental supervision, a regimen also
recommended in other PSSE methods such as Schroth.363

The risk of IS progression in the study group ranged from
40% to 75% according to the Lonstein and Corlson curve,38
prompting 32% of children to require orthopedic bracing
in accordance with SOSORT guidelines.3!

Results of the treatment model demonstrated high ef-
ficacy, particularly in group B, where a total of 90% ex-
hibited improvement and stabilization, with a significant
mean Cobb angle reduction of —-2.33° 1.1 (p < 0.002,
Table 2,3). Slightly less favorable outcomes were observed
in the younger group A, possibly attributed to the longer
study duration encompassing puberty, typically associated
with the risk of scoliosis progression.3’

Asignificant decrease in mean ATR was observed across
the entire group, declining from a baseline of 6.99° +2.95°
to 6.14° £2.71° (p < 0.001), with the most notable reductions
in the lumbar (p < 0.001) and thoracolumbar (p < 0.002)
locations (Table 4). Comparisons with device-assisted IS
treatment studies revealed a study by Trzciriska et al.,*
where a significant reduction in the mean ATR angle was
found in a group treated with FITS and the Dr. Sastre
FED device.?®? However, the comparison was challenged
by short follow-up times and a lack of X-ray evaluation.
Another study by Kamelska-Sadowska et al.*! reported
reductions in mean ATR angles following treatment with
PSSE assisted by the SKOL-AS device.?° Nonetheless, this
study also lacked an evaluation of Cobb angle changes.

Comparing the results of our study with reports evaluating
the effectiveness of conservative IS treatment using PSSE
and bracing without assistive devices, most publications
focus on the Schroth method combined with bracing.%43

The study by Kwan et al.** stands out for its longest
follow-up period (18 +6.2 months), where they achieved
an improvement in 17% of patients, stabilization in 62%,
and progression in 21% of patients. Similarly, Schreiber
et al.¥” reported comparable results, albeit with a shorter
follow-up period of 6 months, noting a decrease in the Cobb
angle of —0.4° and a significant decrease in the Cobb an-
gle of the largest curve from -3.5° to —5.9° (p = 0.006).
In another study focusing on the Schroth method, Kuru
et al.3¢ obtained a reduction in the study group’s Cobb
angle by —2.53° (p < 0.001).

The presented results of treatment using the Schroth
method are similar to those obtained in our study, how-
ever, direct comparison is difficult due to the wide variety
of studies.
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When comparing our study’s results to those of the SEAS
method, another longstanding approach in Europe, Ne-
grini et al.*> showed slightly less favorable outcomes, with
improvement in 23.5%, stabilization in 64.7%, and dete-
rioration in 11.8% of treated patients. The most prom-
ising results were seen in a randomized controlled trial
(RCT) evaluating the effectiveness of the SEAS method
presented by Monticone et al.,** demonstrating a reduc-
tion of the mean Cobb angle in the study group by -5.3°
(p = 0.001). The majority of reports describing the effec-
tiveness of PSSE methods highlight the significant benefits
of combined therapy, namely PSSE with bracing,3424546

In a study by Weinstein et al.,*” the success rate of brace
treatment was 72%, compared to 48% after follow-up.
In our study, 32% of the children were also treated with
a brace, but the actual bracing time averaged only 6-12 h,
which, according to Weinstein et al.,*” may yield an efficacy
of only 40-70%.

In our study, we observed a significantly higher effi-
cacy (80—-90% combined improvement and stabilization
in both groups A and B) than anticipated, given the short
bracing duration. We suspect that we achieved this note-
worthy effectiveness through combination therapy using
the GraviSpine assist device. It is worth emphasizing that
GraviSpine, like no other method, has an innovative ef-
fect on the correction of scoliosis in conditions of reduced
gravity and elimination of limb length disproportions.
Regarding FLLDs, our study demonstrated the effective-
ness of combined PSSE and GraviSpine therapy in com-
pensating for functional lower limb shortening, evidenced
by a significant reduction in FLLDs in the thoracic and
lumbar scoliosis locations. Reports by Brady et al. and Lan-
dauer et al.'®?2 underscore the critical impact of FLLDs
on spinal deformities when occurring in childhood. Con-
versely, studies by D’Amico et al.” and Moseley et al.!> af-
firm that aligning FLLDs during IS treatment, along with
the posterior superior iliac spine planes of SIPS, is a favor-
able aspect in scoliosis management.

Numerous studies emphasize the importance of inter-
ventions aimed at compensating for functional lower limb
shortening in treatment protocols.>’~1° These interventions
aim to enhance neuromotor postural control and spinal
stability by achieving neutral sacrum alignment. Research-
ers suggest that improving neurological control of the pos-
tural pattern, particularly during scoliosis formative stages,
can potentially mitigate scoliosis progression,>©48-51
In scoliosis deformities, the constricted ligaments, muscle
tendons, and joint capsules, due to their specific elasticity,
can lead to secondary mutual interactions, exacerbating
vertebral deformities. This imbalance contributes to a vi-
cious cycle of force responses between the vertebrae and
3-dimensional anatomical abnormalities.>>*3 Meanwhile,
during the GraviSpine treatment, the perivertebral struc-
tures on the concave side of the curve are stretched, which
helps prevent the progression of deformation and breaks
the vicious circle.
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Antigravity alignment of the spine on the GraviSpine
induces relaxation of connections between vertebrae, fa-
cilitating correction of the deformity. Studies by Torell
et al.”” and Little et al.>* have demonstrated that relieving
the spinal joints significantly reduces the corrective force
required for scoliosis correction.

Derotational breathing exercises performed
on the GraviSpine combine 2 corrective factors: internal,
involving active derotational breathing by the child, and
external, involving passive correction of curves in the fron-
tal and transverse planes through pad action.>® This ben-
eficial combination enhances the efficacy of scoliosis cor-
rection during treatment.

Therefore, the GraviSpine assistive device presented
in this study may yield beneficial effects in the combined
therapy of IS in children and adolescents, influencing vari-
ous factors in the pathologically altered spine. It is worth
noting that the treatment was well tolerated by the chil-
dren, with a thorough analysis of possible side effects re-
vealing no early or late risks. Data analysis on potential
adverse events did not reveal any serious incidents up
to the time the manuscript was sent, aside from a few in-
stances of mild, short-term dizziness, particularly in tall,
thin girls. These symptoms were effectively addressed
by introducing a 1-min adaptation in a sitting position
after transitioning from the head-down position, followed
by dismounting from the device.

Limitations

Limitations of the study include its single-center nature
and the absence of a control group for the presented treat-
ment model. Additionally, the assessment of treatment
effectiveness was compared only with the risk of progres-
sion using the Lonstein—Corlson curve in the discus-
sion. It is important to acknowledge that the inventor
of the GraviSpine method and device (Dr. M. Kluszczyriski)
is also the coordinator for the “Ironina” Medical Rehabili-
tation Center, where the GraviSpine device was evaluated.
Further research with larger sample sizes and controlled
designs would provide additional insights into the efficacy
and safety of GraviSpine-assisted therapy.

Conclusions

To enhance the effectiveness of conservative treatment
of IS, consideration may be given to incorporating an as-
sistive device like GraviSpine, especially in cases where
functional inequality of the lower limbs is diagnosed.
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Abstract

Background. Hemophagocytic lymphohistiocytosis (HLH) s a life-threatening hyperinflammatory syndrome
with various etiologies. Its treatment is complicated by several important but not immediately obvious is-
sues (e.q., HLH-2004 criteria are the most commonly used for diagnosis, but the recommended therapeutic
regimen is HLH-94).

Objectives. The study aimed to assess hematologists' practical knowledge of HLH.

Materials and methods. A survey was conducted among physicians treating adult hematological patients.
A 10-question paper questionnaire was distributed to physicians from various hematology centers. A total
of 126 questionnaires were analyzed.

Results. Most respondents had little-to-moderate experience in caring for HLH patients: 59% treated
02 patients and 36% treated between 3—5 patients. Among the respondents, the preferred diagnostic
criteria were HLH-2004, either in its original form (5 out of 8 criteria) for 70 respondents or its modified
version (4 out of 6 available criteria when ferritin exceeds 2,000 ng/mL) for 56 respondents. The preferred
treatment regimen was HLH-2004, with a full dose of etoposide in 72 responses or reduced in 39 responses.
Fifty percent of respondents incorrectly answered that meeting the HLH-2004 criteria necessitates the use
of the HLH-94/2004 regimen in full doses and duration. Sixty-four percent of respondents correctly identified
that hemophagocytosis is not necessary for the diagnosis.

Conclusions. This survey reveals that the majority of surveyed physicians adhere to international HLH recom-
mendations. However, there are instances where these quidelines are not fully implemented, which underlines
the need for further efforts to raise awareness and share clinical experiences about this patient group.

Key words: hemophagocytic lymphohistiocytosis, HLH, questionnaire, hemophagocytic syndrome
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Background

Hemophagocytic lymphohistiocytosis (HLH) is a rare
disorder characterized by extreme inflammation. Its
pathogenesis is complex. Familial HLH in children
is associated with mutations in PRF1, STX11, STXBP2,
UNCI3D, and other genes causing syndromes.! In adults,
although some degree of genetic predisposition is re-
quired, the main role is attributed to the triggering fac-
tor, with the most important being malignancies (es-
pecially lymphoma), infections (notably Epstein—Barr
virus (EBV)) and autoimmune diseases (in this context,
hyperinflammation is often called macrophage activation
syndrome).? Differential diagnosis can be challenging
because HLH shares similarities with other conditions
characterized by high inflammation. Symptoms may in-
clude fever, hepatosplenomegaly, cytopenia, hyperferri-
tinemia, hypertriglyceridemia, and hypofibrinogenemia,
which are part of the HLH-2004 criteria.? Additional
symptoms may include jaundice, rash and hypertrans-
aminasemia. Prognosis depends on multiple factors,
such as the triggering factor, patient age and the inten-
sity of hyperinflammation. If HLH is not diagnosed and
treated promptly, it can be fatal.

Hemophagocytic lymphohistiocytosis went unrec-
ognized for many years, but efforts were made to raise
awareness — first in pediatric and subsequently in adult
settings. In Poland, awareness of HLH grew significantly
following publications and lectures by Prof. Wiestaw Wik-
tor Jedrzejczak.* Today, HLH is well recognized among
hematologists and is included in textbooks and articles
aimed at specialists in internal medicine.>® In recent years,
the Histocyte Society has issued important recommenda-
tions, including the use of etoposide,” management ap-
proaches for adult HLH patients® and considerations for
HLH in intensive care settings.’

Despite these efforts, HLH gained widespread recog-
nition relatively late, particularly over the past decade.
Additionally, HLH is heterogeneous, and some aspects
may seem counterintuitive; e.g., diagnostic criteria are
based on HLH-2004, but the treatment follows HLH-94
guidelines (with reduced etoposide dosing for adults). Un-
derstanding these elements is fundamental for optimal
patient care, yet the overall experience level among hema-
tologists remains relatively low. Moreover, there is a lack
of studies evaluating the current knowledge of HLH among
physicians.

Objectives

The objective of this study was to evaluate the knowledge
of hematologists regarding the practical aspects of HLH
diagnosis and treatment in adult patients.

M. Witkowska et al. HLH — Young Hematologists’ Club survey

Materials and methods
Study design

The study was held under the aegis of the Young Hema-
tologists’ Club. To assess physicians’ knowledge of HLH,
a quantitative method was adopted using a paper-based
questionnaire. This cross-sectional study utilized a 1-page
questionnaire comprising 10 closed questions (with an op-
tion to write any chosen answer as “other”). The original
questionnaire is available in the Supplementary material
(https://doi.org/10.5281/zen0do.11209475). The ques-
tionnaire was designed uniquely: Most answers were
partially correct but tailored either to pediatric or adult
HLH patients. Thus, differences in interpretation were
attributed to the physician’s patient population rather
than the test itself. Given that respondents in this study
exclusively treated adult patients, some of their responses
were incorrect.

Data collection methods

Questionnaires were distributed during sessions at
the 28™ Congress of the Polish Society of Hematology
and Transfusion Medicine (September 2019), as well
as in courses for hematology specialists and various clinical
centers (both academic and non-academic) until the end
of 2021.

Study preparation and survey
administration

The survey was anonymous, with participants instructed
to participate only once. Interviewers were instructed
to mix the received questionnaires with previously col-
lected ones to ensure anonymity.

A total of 137 questionnaires were obtained, with 126 in-
cluded in further analyses. Eleven questionnaires were
excluded for the following reasons: respondents were from
medical professions other than adult hematology physi-
cians, or there was a complete lack of answers regarding
HLH. Manual data entry was assisted by a custom-de-
signed color-coded spreadsheet to minimize human error.
Moreover, unique numbers were assigned to the anony-
mous questionnaires during data entry to facilitate re-
analysis in potentially ambiguous cases.

Statistical analyses

The questionnaire included questions only about quali-
tative (not quantitative) parameters; therefore, the results
are presented as numbers of answers and percentages of to-
tal responses. No imputation methods were used for miss-
ing data. Univariate analyses were performed using Fisher’s
exact test, with significance set at a p-value of less than
0.05. The Bonferroni correction was applied for multiple
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comparisons (with a p-value <0.00625 considered signifi-
cant for 8 comparisons). Analyses were performed using
MedCalc v. 22.019 software (MedCalc Software, Ostend,
Belgium).

Results

Respondents were categorized based on their overall
work experience and expertise in treating HLH patients
(Table 1). Thirty-seven (37.3%) physicians reported less
than 10 years of experience. Practical involvement in treat-
ing HLH patients was generally low, with 73 (57.9%) respon-
dents caring for fewer than 3 such patients and 45 (35.7%)
caring for between 3 and 5.

Table 1. Respondents’ characteristics (n = 126)

Years working as a physician [n, %]

<10 47 37.9%
10-20 45 36.3%
21-30 22 17.7%
31-40 6 4.8%

>40 4 3.2%

Number of HLH patients taken care of (total) [n, %]

0-2 73 58.9%

3-5 45 36.3%
5-10 3 2.4%
11-20 2 1.6%

>20 1 0.8%

HLH - hemophagocytic lymphohisiocytosis.

In the analyzed population, the preferred diagnostic
criteria were HLH-2004, either in its original form (5 out
of 8 criteria), chosen by 70 respondents, or its modified
version (4 out of 6 available criteria when ferritin ex-
ceeds 2000 ng/mL), selected by 56 respondents (Fig. 1;
multiple answers were possible). The preferred treatment

HLH-2004 (5 out of 8 criteria) _ 70
HLH-2004 (4 out of 6 available _ 56
criteria + ferritin >2000 ng/ml)

HLH-94

|
~

HScore

[
(9]

Ravelli criteria

—
[y

Fig. 1. Preferred diagnostic criteria (more than 1 answer possible)

HLH - hemophagocytic lymphohisiocytosis.

749

regimen was HLH-2004, with a full dose of etoposide
chosen in 72 responses, whereas in 39 responses reduced
dosing was chosen. As multiple answers were possible,
the result describes number of responses not respon-
dents. One respondent could have chosen more than
1 response (Fig. 2).

The final part of the questionnaire evaluated responses
(yes/no/do not know) to 4 statements that are false for
adult HLH patients (Fig. 3). Overall, most of the questions
were answered in accordance with guidelines: 54 (42.9%)
physicians answered 3 out of 4 questions correctly, and 24
(19.0%) correctly answered all 4 questions in accordance
with guideline recommendations. Only 4 participants
(3.2%), who had limited experience in treating adult HLH
patients, did not answer any questions correctly. The least
frequently opposed false statement was that fulfillment
of HLH-2004 criteria necessitates the use of the HLH-
2004 protocol at full doses and duration (45 physicians,
35.7%). Univariate analysis did not reveal significant dif-
ferences between physician subgroups based on their
work experience (less or more than 10 years) or the num-
ber of HLH patients treated (2 or more), as summarized
in Table 2.

HLH-2004 (etoposide 150 mg/m2;

2 x week in the first 2 weeks) 72

HLH-2004 (etoposide 100 mg/m2;

1 x week in the first 2 weeks) 39

HLH-94 (etoposide 150 mg/mz?; 7
2 x week in the first 2 weeks)

HLH-94 (etoposide 100 mg/m2;
1 x week in the first 2 weeks)

Other ] 5

Fig. 2. Preferred treatment regimen

A. Finding EBV viremia in an HLH patient concludes the diagnostic
process and no search for malignancy is required. 1,6%

B. Donor search (for allogeneic stem cell transplantation) should
be initiated for every patient immediately after the HLH diagnosis.

73,0% 14,3% 12,7%

C. Hemophagocytosis is necessary for the diagnosis of HLH
(which is also known as a hemophagocytic syndrome).

64,3% 7,1% 28,6% ‘

D. Fulfillment of diagnostic criteria (e.g. HLH-2004), necessitates the use
of HLH-94 or HLH-2004 protocol in full doses and full length.

Fig. 3. Opinions about 4 statements that are not true for adult
hemophagocytic lymphohistiocytosis (HLM) patients

EBV — Epstein—Barr virus.
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Table 2. Number and percentage of correct (negative) opinions about 4 statements from Fig. 3, divided by physicians’ work experience and number of HLH

patients treated

Statement

A. Finding EBV viremia in an HLH patient concludes the diagnostic
process and no search for malignancy is required.

B. Donor search (for allogeneic stem cell transplantation) should be
initiated for every patient immediately after the HLH diagnosis.

C. Hemophagocytosis is necessary for the diagnosis of HLH (which
is also known as a hemophagocytic syndrome).

D. Fulfillment of diagnostic criteria (e.g., HLH-2004), necessitates
the use of HLH-94 or HLH-2004 protocol in full doses and full length.

Years working as a physician

45 (96%)

31 (66%)

30 (64%)

22 (47%)

Number of HLH patients taken care
of (total)

p-value (Fisher's

p-value (Fisher's

exact test) exact test)
65 (84%) 0.078 63 (86%) = 47 (92%) 0.39%4
59 (77%) 0218 48 (66%) | 42 (82%) 0.065
49 (64%) 1 45 (62%) | 35 (69%) 0452
23 (30%) 0.083 19 (26%) | 26 (51%) 0.0076

HLH — hemophagocytic lymphohisiocytosis; EBV — Epstein—Barr virus; Fisher's exact test, with Bonferroni correction for multiple comparisons, was used

(p < 0.00625 was considered significant).

Discussion

The questionnaire findings indicate awareness of practi-
cal aspects related to HLH diagnosis and treatment; how-
ever, there is still considerable potential for improvement.

Results from the question regarding the preferred
diagnostic system generally show a consensus that
the HLH-2004 criteria are the most popular. However,
the main limitation of HLH-2004 is that 2 out of 8 pa-
rameters (sCD25 concentration and NK-cell activity) are
not widely accessible. Attempts to address this issue in-
clude modified criteria proposed by Prof. Wieslaw Wiktor
Jedrzejczak (requiring 4 out of 5 available criteria, when
ferritin exceeds 2,000 ng/mL, with no other identifiable
cause) or the HScore, which relies only on commonly used
parameters.!? Using these systems together can improve
diagnostic certainty, given that initiating HLH treatment
may result in significant toxicity.

Hemophagocytic lymphohistiocytosis treatment de-
pends on the triggering factor. Immunosuppressive treat-
ment, even for patients meeting HLH-2004 criteria, may
not be indicated — e.g., in cases of “HLH disease mim-
ics”.!* Many patients may benefit more from direct therapy
targeting the underlying trigger, such as chemotherapy
appropriate for a diagnosed malignancy, rather than etopo-
side with dexamethasone. Respondents were asked about
their preferred HLH-oriented treatment regimen, with
options including a combination of HLH-94 and HLH-
2004 protocols with 2 doses of etoposide: full (etoposide
150 mg/m?; 2 x week in the first 2 weeks) or reduced (eto-
poside 100 mg/m?; 1 x week in the first 2 weeks). Full pe-
diatric doses can be excessively high and toxic for adults
because children are able to recover form higher doses
of chemotherapy than adults. Professor Jan-Inge Henter
proposed a regimen with reduced etoposide frequency
for treatment of HLH-like severe avian influenza.!? This
reduced, less myelotoxic, regimen was then generally rec-
ommended for treating HLH in adults.®®

HLH-94 and HLH-2004 refer to names of pediatric
clinical trials.? In a single-arm design, these trials tested
treatment regimens believed to be optimal. The HLH-
2004 regimen is very similar to HLH-94, with the main
difference being the timing of initiating cyclosporine A:
after 8 weeks in HLH-94 or from the beginning of treat-
ment in HLH-2004. This modification did not signifi-
cantly affect the comparison of these 2 trials — despite
HLH-94 patients being a historical control, HLH-2004 did
not demonstrate superiority (p = 0.064; proportional haz-
ards model using competing risks methodology, adjusted
for age and sex).!® Therefore, the recommended regimen
for adults is HLH-94 with reduced doses of etoposide.
It should be noted that diagnostic criteria also take names
from these trials. While HLH-94 diagnostic criteria are
no longer in use, the HLH-94 treatment regimen remains
the basis for treatment, alongside the HLH-2004 diag-
nostic criteria.

The 4 statements presented in Fig. 3 are false for adult
patients, but 2 may be true for the pediatric population.
As discussed above, meeting the HLH-2004 criteria does
not automatically require initiating the HLH-94 or HLH-
2004 protocol at full doses and duration. The treatment
regimen should be tailored to the specific triggering fac-
tor. If an HLH-oriented protocol is initiated in adults,
it does not need to continue for a fixed duration; it can be
tapered and stopped once remission is achieved. In chil-
dren, treatment must be extended as a bridge to alloge-
neic hematopoietic stem cell transplantation (alloHSCT),
which leads to different considerations about donor
search between adults and children. For adults, a donor
search does not need to begin immediately after diagno-
sis because only a small fraction of adult HLH patients
require alloHSCT (87 patients in EBMT databases from
1995-2018).1* The alloHSCT is indicated for adults with
primary HLH and, on a clinical basis, for some other
patients (relapsed/refractory).® In most adult patients,
HLH is triggered by a significant factor (e.g., malignancy)
with a lesser role of genetic predisposition. Therefore,
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treatment focuses more on controlling the trigger (e.g.,
achieving malignancy remission) rather than replacing
the immune system with a new one less prone to HLH.
In children, a strong genetic predisposition causes HLH
when exposed to seemingly minor triggers. Because
it is impossible to protect such a child from all potential
triggers (e.g., viral infections), alloHSCT is the only op-
tion for long-term remission. For asymptomatic siblings
with certain predisposing mutations, undergoing upfront
alloHSCT before developing HLH can be more beneficial
than waiting for HLH to manifest!'

Two statements that are false for all HLH patients,
refer to EBV being accompanied by another trigger and
to hemophagocytosis. Finding Epstein—Barr viremia does
not conclude the diagnostic process; there remains a risk
of underlying malignancy, such as lymphoma. Malignancy
is less likely in infants, but teenagers are at higher risk.
Hemophagocytosis is not necessary for HLH diagnosis.
It is one of the criteria but cannot be considered pathog-
nomonic for HLH. It can occur in various other condi-
tions and may initially be absent, developing in later stages
of HLH.®

Limitations

The main limitation of this research was due to the CO-
VID-19 pandemic, which made distributing paper ques-
tionnaires much more difficult. Switching to an online
questionnaire could have affected the homogeneity
of the results, so with long intervals, a paper version was
used. However, since the beginning of the questionnaire
distribution, there was no change in recommendations
that would affect the answers.

This is the first (to our knowledge) attempt to assess
physicians’ adherence to the diagnostic and treatment rec-
ommendations for HLH globally, especially among those
treating adult patients. In 2019-2021, there were 555—
585 hematologists and 235-272 hematologists in training
in Poland, making the group of 126 respondents generally
representative of this population.

As the first study of its kind, this research was inno-
vative and exploratory. Therefore, it is worth continuing
to monitor the state of knowledge regarding HLH. This
will enable faster diagnosis of this rare disease in the future
and the application of different treatments for children
and adults.

Conclusions

The results of the Young Hematologists’ Club survey re-
veal that most surveyed physicians adhere to international
HLH recommendations. However, in some cases, these
guidelines are still not being adequately implemented,
highlighting the need for further actions to raise awareness
and share clinical experiences about this patient group.

751

Data availability

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author
on reasonable request.

Consent for publication

Not applicable.

ORCID iDs

Magdalena Witkowska @ https://orcid.org/0000-0002-3942-0753

Przemystaw Kasiak @ https://orcid.org/0000-0002-0303-6135

Kamila Kruczkowska-Tarantowicz
https://orcid.org/0009-0000-8927-5227

Marcin Jonca @ https://orcid.org/0009-0005-9532-7835

Agnieszka Walczyk @ https://orcid.org/0000-0002-8704-5302

Michat Gorka @ https://orcid.org/0009-0006-3195-6963

Monika Sidor @ https://orcid.org/0000-0003-4334-7955

Bartosz Puta @ https://orcid.org/0000-0003-0116-5002

Rafat Machowicz @ https://orcid.org/0000-0002-2077-6610

References

1. Zhang K, Astigarraga |, Bryceson Y, et al. Familial hemophagocytic
lymphohistiocytosis. In: Adam MP, Feldman J, Mirzaa GM, et al., eds.
GeneReviews. Seattle, USA: University of Washington; 2006:Book-
shelf ID: NBK1444. http://www.ncbi.nlm.nih.gov/books/NBK1444.
Accessed April 26, 2024.

2. LaRosée P, MachowiczR.HLH in adults. In: Abla O, Janka G, eds. His-
tiocytic Disorders. Cham, Switzerland: Springer International Publish-
ing; 2018:275-290. d0i:10.1007/978-3-319-59632-7_16

3. Henter J, Horne A, Aricd M, et al. HLH-2004: Diagnostic and thera-
peutic guidelines for hemophagocytic lymphobhistiocytosis. Pediatr
Blood Cancer. 2007;48(2):124-131. doi:10.1002/pbc.21039

4. Machaczka M. Specyfika wystepowania limfohistiocytozy hemo-
fagocytarnej w okresie wieku dorostego. Acta Haematol Pol.
2013;44(3):307-313. doi:10.1016/j.achaem.2013.07.020

5. Jedrzejczak WW. Zespéthemofagocytowy. In: Augustynowicz-KopecE,
Gajewski P, Szczeklik A, eds. Interna Szczeklika: Podrecznik Choréb
Wewnetrznych 2013. Cracow, Poland: Medycyna Praktyczna; 2013:
1728-1729.

6. MachowiczR, Basak G. How can an internal medicine specialist save
a patient with hemophagocytic lymphobhistiocytosis (HLH)? Pol Arch
Intern Med. 2020;130(5):431-437. d0i:10.20452/pamw.15226

7. EhIS, Astigarragal, Von Bahr Greenwood T, et al. Recommendations
for the use of etoposide-based therapy and bone marrow transplan-
tation for the treatment of HLH: Consensus Statements by the HLH
Steering Committee of the Histiocyte Society. JAllergy ClinImmunol
Pract. 2018;6(5):1508-1517. doi:10.1016/j.jaip.2018.05.031

8. LaRosée P, Horne A, Hines M, et al. Recommendations for the man-
agement of hemophagocytic lymphohistiocytosis in adults. Blood.
2019;133(23):2465-2477. doi:10.1182/blood.2018894618

9. Hines MR, Von Bahr Greenwood T, Beutel G, et al. Consensus-based
guidelines for the recognition, diagnosis, and management of hemo-
phagocyticlymphohistiocytosis in critically ill children and adults. Crit
Care Med. 2022;50(5):860-872. d0i:10.1097/CCM.0000000000005361

10. Fardet L, Galicier L, Lambotte O, et al. Development and validation
of the HScore, a score for the diagnosis of reactive hemophago-
cytic syndrome. Arthritis Rheum. 2014;66(9):2613-2620. doi:10.1002/
art.38690

11. Jordan MB, Allen CE, Greenberg J, et al. Challenges in the diagnosis
of hemophagocytic lymphohistiocytosis: Recommendations from
the North American Consortium for Histiocytosis (NACHO). Pediatr
Blood Cancer. 2019;66(11):227929. doi:10.1002/pbc.27929

12. Henter JI, Chow CB, Leung CW, Lau YL. Cytotoxic therapy for severe
avian influenza A (H5N1) infection. Lancet. 2006;367(9513):870-873.
doi:10.1016/5S0140-6736(06)68232-9


http://www.ncbi.nlm.nih.gov/books/NBK1444
https://www.doi.org/10.1007/978-3-319-59632-7_16
https://www.doi.org/10.1002/pbc.21039
https://www.doi.org/10.1016/j.achaem.2013.07.020
https://www.doi.org/10.20452/pamw.15226
https://www.doi.org/10.1016/j.jaip.2018.05.031
https://www.doi.org/10.1182/blood.2018894618
https://www.doi.org/10.1097/CCM.0000000000005361
https://www.doi.org/10.1002/art.38690
https://www.doi.org/10.1002/art.38690
https://www.doi.org/10.1002/pbc.27929
https://www.doi.org/10.1016/S0140-6736(06)68232-9

752

13.

Bergsten E, Horne A, Aricd M, et al. Confirmed efficacy of etopo-
side and dexamethasone in HLH treatment: Long-term results
of the cooperative HLH-2004 study. Blood. 2017;130(25):2728-2738.
doi:10.1182/blood-2017-06-788349

. MachowiczR, Suarez F, Wiktor-Jedrzejczak W, et al. Allogeneic hema-

topoietic stem cell transplantation for adult HLH: A retrospective
study by the chronic malignancies and inborn errors working parties
of EBMT. Bone Marrow Transplant. 2022;57(5):817-823. doi:10.1038/
s41409-022-01634-5

M. Witkowska et al. HLH — Young Hematologists’ Club survey

15. Lucchini G, Marsh R, GilmourK, et al. Treatment dilemmas in asymp-
tomatic children with primary hemophagocytic lymphohistiocytosis.
Blood. 2018;132(19):2088-2096. d0i:10.1182/blood-2018-01-827485

16. Machowicz R, Janka G, Wiktor-Jedrzejczak W. Similar but not
the same: Differential diagnosis of HLH and sepsis. Crit Rev Oncol
Hematol. 2017;114:1-12. doi:10.1016/j.critrevonc.2017.03.023


https://www.doi.org/10.1182/blood-2017-06-788349
https://www.doi.org/10.1038/s41409-022-01634-5
https://www.doi.org/10.1038/s41409-022-01634-5
https://www.doi.org/10.1182/blood-2018-01-827485
https://www.doi.org/10.1016/j.critrevonc.2017.03.023

Quality of education and mental health
of pharmacy students in Poland

Dorota Beben"*-?, Monika Birska"*~?, tukasz Gadek™*-, Dominik Marciniak?<, Katarzyna Kartowicz-Bodalska®t*

T student, Faculty of Pharmacy, Wroclaw Medical University, Poland
2 Department of Drugs Form Technology, Faculty of Pharmacy, Wroclaw Medical University, Poland

A — research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation;
D — writing the article; E — critical revision of the article; F — final approval of the article

Advances in Clinical and Experimental Medicine, ISSN 1899—5276 (print), ISSN 2451-2680 (online) Adv Clin Exp Med. 2025;34(5):753-762

Address for correspondence
Monika Birska
E-mail: monika.birska@student.umw.edu.pl

Funding sources
None declared

Confli