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ABSTRACT

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by persistent synovial inflammation, joint destruc-
tion, and resistance to apoptosis in fibroblast-like synoviocytes and immune cells. This apoptotic imbalance promotes unchecked
cell proliferation and invasive pannus formation, contributing to disease progression. Current therapies predominantly target
inflammatory pathways, often overlooking the crucial role of restoring apoptosis. Our study explores the potential of plant-
derived phytochemicals to modulate both inflammation and apoptosis in RA. Using an integrated computational approach, 12
bioactive compounds were evaluated for their interactions with key apoptosis-associated proteins MMP9, SRC, and EGFR, which
are known to influence cell survival, matrix degradation, and invasive behavior in RA. Molecular docking revealed that querce-
tin, apigenin, resveratrol, and naringenin exhibit strong binding affinities with MMP9, SRC, and EGFR. These interactions
were further supported by stable molecular dynamics (MD) simulations, indicating favorable binding stability and structural
compatibility. The modulation of these targets suggests a dual therapeutic effect—suppressing inflammation and restoring apop-
totic signaling, thus potentially reversing pathological synovial hyperplasia. This study underscores the importance of targeting
apoptosis-related proteins in RA and highlights plant-derived compounds as promising candidates for multi-target therapeutic
development. By addressing both inflammatory and apoptotic dysregulation, these natural agents may offer a safer and more
effective strategy for RA management.

1 | Introduction pro-immune responses and an incomplete resolution mech-

anism, including failure of apoptosis in resident joint cells.

Rheumatoid arthritis (RA) is a chronic progressive autoim-
mune disease that is marked by sustained inflammation of the
synovial tissue, destruction of cartilage, and progressive de-
formation of the joints [1, 2]. Affecting nearly 1% of the world's
population, RA represents a sizable burden not only on patient
quality of life but also on public health systems in auxiliary
countries [3, 4]. Although the pathogenesis of RA is multi-
factorial, it primarily arises from an excess of inflammatory

This combined insufficiency perpetuates inflammation in the
tissues and drives abnormal proliferation of FLS, eventually
resulting in the development of the pannus, erosion of joints,
and loss of function. The underlying inflammation associated
with RA is caused by activated T and B lymphocytes, mac-
rophages, and the excessive production of pro-inflammatory
cytokines such as TNF-a, IL-18, and IL-6 [5, 6]. These cyto-
kines are responsible for activating important downstream
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signaling pathways, including but not limited to NF-xB, JAK/
STAT, and MAPK. These pathways sustain synovial inflam-
mation, the recruitment of immune cells, and bone loss me-
diated by osteoclasts. At the same time, RA synovial tissues
demonstrate a remarkable degree of apoptotic resistance,
particularly in the FLS and infiltrating immune cell popu-
lation, which drives the abnormal expansion and invasive
growth of synovial tissue into the adjacent cartilage and bone
[7]. Dysregulated apoptosis is observed in several RA-related
genes such as BCL2, CASP3, and AKT1, which highlights the
importance of these findings in manipulating apoptosis along-
side immunosuppression [8].

Relatively recent therapeutic milestones, including NSAIDs,
DMARDs, and biologics that target cytokines or immune-
immune checkpoints, still enable a substantial proportion of
patients to attain long-term remission [9-11]. Additionally,
these RA treatments are accompanied by potent side effects
and treatment-induced immunosuppression. There is a critical
need for more safe and affordable multi-targeted therapies that
can effectively balance inflammatory and apoptotic pathways.
Bioactive compounds with polypharmacological effects are
abundant in nature, and even more so in the products of medic-
inal plants [12-14]. Several plant-derived phytochemicals, such
as curcumin, resveratrol, quercetin, and withaferin A, exhibit
anti-inflammatory and pro-apoptotic activities in numerous
models of autoimmune disorders [15, 16]. These compounds
possess a favorable safety profile, and their diverse actions make
them attractive candidates for rheumatic diseases, such as RA,
wherein many cellular and molecular pathways are simultane-
ously perturbed. However, the detailed knowledge concerning
interactions of these phytochemicals with RA-specific molec-
ular targets, particularly those involved in apoptosis-linked in-
flammatory signaling, is lacking.

With the aim of addressing this issue, network pharmacol-
ogy, an intersection of systems biology, bioinformatics, and
pharmacology, provides a solid foundation to explore the in-
tricate relationships between natural compounds and disease
from a holistic perspective [17-20]. Network pharmacology
builds these frameworks by combining target prediction,
gene-disease association, PPI network mapping, and func-
tional enrichment analysis, thus facilitating the determina-
tion of key molecular nodes and pathways that may mediate
the therapeutic actions of plant-derived compounds. These
predictions, along with those made using molecular docking,
can be corroborated by simulating the binding affinity and
structural interactions of phytochemicals with their protein
targets. Thus, the current study intends to explore the ther-
apeutic effects of certain selected plant-derived phytochem-
icals with respect to inflammation-related apoptosis in RA.
It specifically seeks to elucidate the fundamental molecular
mechanisms and biological interactions of the compounds by
integrated target prediction, disease gene intersection analy-
sis, GO/KEGG enrichment, construction of the PPI network,
and molecular docking to identify core molecular drivers.
The effort aims at identifying new candidates from natural
sources that may offer multifaceted pharmacological effects
as adjunctive treatments for RA, wherein the treatment would
eliminate inflammation while restoring balanced apoptosis in
the affected tissues.

2 | Materials and Methods
2.1 | Phytochemical Screening

The bioactive compounds from nine medicinal plants, which
include Curcuma longa, Emblica officinalis, Camellia sinensis,
Boswellia serrata, Polygonum cuspidatum, Tinospora cordifolia,
Berberis vulgaris, Glycyrrhiza glabra, Piper nigrum, Berberis vul-
garis, Scutellaria baicalensis, and Curcuma longa, are collected
based on scientific literature with the aid of phytochemical da-
tabases, including Indian Medicinal Plants Phytochemistry and
Therapeutics (IMPPAT) [21], Traditional Chinese Medicine
Systems Pharmacology (TCMSP) [22], and KNApSAcK [23]. Both
the common and scientific names of each plant were used as key-
words for searching on Google Scholar and PubMed for a broader
search. Compounds were selected based on recurrence across phy-
tochemical databases (IMPPAT, TCMSP, KNApSAcK), literature
support for anti-inflammatory or apoptotic relevance in autoim-
mune diseases, and pharmacokinetic properties including compli-
ance with Lipinski's Rule of Five and ADMET predictions.

ADMET screening for absorption, distribution, metabolism,
excretion, and toxicity was performed on phytochemicals of in-
terest using the ADMETSAR web tool (http://Immd.ecust.edu.
cn/admetsar2). In phytochemical screening, drug-likeness cri-
teria were applied. The model predicts important pharmacoki-
netic parameters such as absorption, blood-brain barrier (BBB)
permeability, Caco-2 permeability, AMES toxicity, carcinoge-
nicity, and inhibition of P450 isoenzymes (CYP3A4, CYP2D6).
Compounds with poor absorption and a high potential for tox-
icity were deprioritized along with those that had multiple P450
inhibitions. This step increased the likelihood that the selected
candidates had favorable physicochemical, safety, and meta-
bolic profiles. Any compounds that did not fulfill these criteria
were eliminated to enhance the pharmacokinetic plausibility of
the shortlisted candidates.

2.2 | Target Prediction and Disease Association

Predicted bioactive compound targets were obtained using
SwissTargetPrediction (http://www.swisstargetprediction.
ch) [24] with a specialized focus on Homo sapiens for clinical
relevance indicating facilitators for diseases. Relatives of the
targeted genes were obtained from OMIM (Online Mendelian
Inheritance in Man) [25] and GeneCards [26], focusing primar-
ily on genes that feature rheumatoid arthritis. RA-related genes
were retrieved using keyword combinations (“Rheumatoid
Arthritis,” “Apoptosis,” “Inflammation”) across GeneCards
and OMIM. GeneCards entries with relevance scores > 10 were
retained. All gene entries were deduplicated to yield a curated
set of 6629 RA-associated genes for intersection analysis. These
targets were deemed potential therapeutic targets as they were
common between predicted compound targets and disease-
associated gene targets.

2.3 | Functional Enrichment Analysis

The common targets were analyzed for gene ontology (GO)
and pathway enrichment analyses in the DAVID database [27].
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Within each domain, the genes were organized into GO terms:
biological process (BP), molecular function (MF), and cellular
component (CC). KEGG pathway analysis was also done to pro-
vide context for the molecular interactions. A focus on interpre-
tation centered around apoptosis linked to RA for biological GO
relevance was restricted to the top 10 GO terms and KEGG path-
ways with adjusted p values <0.05.

2.4 | Network Construction

A compound-target interaction network was created in
Cytoscape 3.8.0 [28]. In the network, nodes were compounds
or gene targets, while edges indicated interactions between
them. Topological measures, particularly degree centrality,
which identifies hub targets, were computed using Cytoscape's
Network Analyzer. These hub targets, highly interconnected
and therefore ideal for pharmacological intervention, were
found to be the most important for the network.

In this specific network, every node corresponds to either a
compound of plant origin or a target gene, with edges denoting
their predicted interaction(s) based on target prediction and
relevance to the disease. The network was formed by bring-
ing in the list of 12 phytochemicals and their 316 gene targets
(those common to both compound prediction and RA-related
diseased genes). Compound nodes, typically colored shapes,
were differentiated from target nodes through visual attri-
butes, and node size was modified based on degree centrality,
a prominent topological measure indicating the number of
direct links. To detect key molecular drivers within the sys-
tem, topological analysis was performed using Cytoscape's
Network Analyzer plugin. Degree centrality was computed
for each target gene node, and those with the highest connec-
tions were termed hub targets. It is plausible that these hub
nodes significantly influence modulation of apoptosis and in-
flammation in RA, thereby serving as promising candidates
for therapeutic intervention. With this network, it was possi-
ble to visually and quantitatively systematize the compounds
and targets to prioritize them for further pathway enrichment,
molecular docking, and dynamic simulation studies. This is
helpful for the identification of multi-targeted therapeutic ac-
tions, which are polypharmacological in nature and typical of
compounds derived from plants.

2.5 | Analysis of PPI Network and Molecular
Docking

To examine the biological functions of the hub targets, a pro-
tein—protein interaction (PPI) network was created using the
STRING database [29], and interactions with a score greater
than 0.4 were considered. The network was visualized in
Cytoscape, and key hub genes were extracted with the help of
the CytoHubba plugin. Molecular docking studies were then
performed to confirm interactions of selected hub proteins and
the phytochemicals. The 3D structures of the protein targets
were sourced from the RCSB Protein Data Bank (PDB) [30] and
subsequently prepared using UCSF Chimera. The CASTp tool
[31] was used to locate the binding sites, and docking was ex-
ecuted using PyRx [32]. The complexes with the most optimal

binding affinities (kcal/mol) and reasonable RMSD values were
chosen for further evaluation. The protein-ligand interactants
were inspected in UCSF ChimeraX [33] and BIOVIA Discovery
Studio [34] to evaluate the non-covalent interactions such as hy-
drogen bonding, the hydrophobic effect, and other forces that
enhance the stability of the complex.

2.6 | MD Simulation

Molecular dynamics (MD) simulations were employed to as-
sess the conformational stability, atomic fluctuations, and
solvent exposure of protein-ligand complexes under near-
physiological conditions. All simulations were performed
using GROMACS with a suitable force field (e.g., CHARMM36
or AMBERY99SB). The systems were solvated using the SPC/E
water model within a defined simulation box and neutralized
with counter-ions. After energy minimization via the steep-
est descent algorithm, equilibration was carried out in two
phases: constant volume (NVT) and constant pressure (NPT),
followed by a 100ns production run at 300K and 1atm. The
dynamics of atoms during the simulation were governed by
Newton's second law of motion:

F=m.a=m.d*r/d?

where F is the force on an atom, m is its mass, and d?r / df* is the
acceleration, calculated as the second derivative of position with
respect to time.

To evaluate simulation outcomes, three key parameters were
calculated. Root mean square deviation (RMSD) was used to
measure the structural deviation of the complex from its initial
configuration over time, using the formula:

N
RMSD(t) = zlv > (ro-r°)?

i=1

where N is the number of atoms, r,(t) is the position of atom i at
time ¢, and r? is its reference position. Root mean square fluctua-
tion (RMSF) was calculated to quantify the flexibility of individ-
ual residues throughout the simulation where (r,) is the average
position of atom i over the simulation time T. Solvent accessible
surface area (SASA) was computed to estimate the surface area
of the protein or complex that is accessible to solvent molecules. It
was calculated using a rolling sphere algorithm based on the sol-
vent probe radius and atomic van der Waals radii: where A, is the
accessible surface area of atom iii, computed by simulating the
path of a probe (typically water-sized, ~1.4 A radius) around the
molecular surface. Together, these parameters provided a com-
prehensive understanding of the dynamic stability, flexibility, and
solvent interactions of the complexes throughout the simulation.

3 | Results
3.1 | Screening of Putative Phytocompounds
A total of 12 plant-derived phytochemicals were selected for

virtual screening based on their known activity against in-
flammation and apoptosis-related targets in RA (Table 1 and
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TABLE1 | Drug-likeness evaluation of screened phytochemicals.
Molecular Lipinski_
Phytochemical Plant source weight LogP H_Donors H_Acceptors violation PubChem_CID
Curcumin Curcuma longa 368.385 3.3699 2 6 0 969516
Resveratrol Emblica officinalis 228.247 2.9738 3 3 0 445154
Berberine Camellia sinensis 336.367 3.0963 0 4 0 2353
Quercetin Boswellia serrata 302.238 1.988 5 7 0 5280343
Withaferin A Polygonum 470.606 3.3529 2 6 0 265237
cuspidatum
Luteolin Tinospora 286.239 2.2824 4 6 0 5280445
cordifolia
Daidzein Berberis vulgaris 254.241 2.8712 2 4 0 5281708
Naringenin Glycyrrhiza glabra 272.256 2.5099 3 5 0 439246
Apigenin Piper nigrum 270.24 2.5768 3 5 0 5280443
Silibinin Berberis vulgaris 482.441 2.3627 5 10 0 31553
Formononetin Scutellaria 268.268 3.1742 1 4 0 5280378
baicalensis
Tinosporaside Tinospora 492.521 0.6304 4 10 0 14194109
cordifolia

Figure 1). These compounds were sourced from various me-
dicinal plants including Curcuma longa, Emblica officinalis,
Camellia sinensis, Boswellia serrata, Polygonum cuspidatum,
Tinospora cordifolia, and others. All selected phytochemicals
complied with Lipinski's Rule of Five, suggesting favorable oral
bioavailability. Notably, curcumin (PubChem CID: 969516)
from Curcuma longa displayed a molecular weight of 368.38 g/
mol, LogP of 3.37, and a balanced hydrogen bonding profile
(2 donors, 6 acceptors). Similarly, resveratrol from Emblica
officinalis and berberine from Camellia sinensis met all drug-
likeness criteria, indicating potential for further development.
Other compounds such as quercetin, withaferin A, luteolin,
and silibinin also showed promising physicochemical prop-
erties consistent with favorable ADME profiles. Interestingly,
tinosporaside, a high-molecular-weight compound (492.52g/
mol) from Tinospora cordifolia, remained compliant with
Lipinski's criteria, highlighting its potential despite its size.
These results support the viability of these compounds as can-
didates for targeting apoptosis-linked inflammatory pathways
in RA.

3.2 | Target Prediction and Intersection Analysis

The SwissTargetPrediction database was used for target pre-
diction matching with the 12 shortlisted phytochemicals,
which resulted in the retrieval of 513 unique potential targets.
Concurrently, a total of 6629 disease-specific genes relevant
to the apoptosis-linked inflammatory pathways in RA were
extracted from GeneCards, OMIM, and DisGeNET. This was
done through a systematic integration search using relevant
keywords. The analysis revealed 316 overlapping targets, and
these were found to be common molecular components between
the selected plant-derived compounds and pathways associated

with the disease. These genes more likely serve as important in-
termediaries for the biopharmaceutical action of the screened
phytochemicals and were chosen to conduct further network as-
sembly and enrichment analyses. The Venn diagram illustrating
this intersection is presented in Figure 2A.

3.3 | Protein-Protein Interaction (PPI) Network
and Hub Gene Analysis

Utilizing the STRING database (https://string-db.org), a PPI
network was generated to explore the molecular interplay
within the 316 common targets that are both phytochemical and
disease related. All derived targets were submitted to STRING
with the confidence interaction score criteria set at > 0.7, and the
species designated as Homo sapiens. The interaction network
obtained from STRING was visualized as a Cytoscape layout,
in which node degree served as a measure of the protein's topo-
logical significance or importance within the network. Within
this network, data consisting of 316 nodes and their edges were
captured, depicting the interaction relationships, which are
more complex than in simple diagrams; therefore, they are also
presented as Figure S1. Employing a simple topological analy-
sis focusing on degree centrality, it was possible to determine
the 10 central hub genes possessing the highest connectivity as
AKT1, TNF, EGFR, STAT3, SRC, BCL2, CASP3, JUN, HIF1A,
and MMP9.

3.4 | Functional Enrichment Analysis
In order to understand the biological functions of the 316 in-

tersecting genes among the phytochemical targets and the
RA-associated genes, a comprehensive gene ontology (GO)
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FIGURE1 | Physicochemical, ADME, and excretion profiling of selected phytochemicals. It illustrates an integrated analysis of pharmacokinet-
ic and physicochemical properties for multiple phytochemicals evaluated in the study. (A) Bar plots representing key physicochemical properties,
including molecular weight, LogP (lipophilicity), hydrogen bond donors (H_Donors), and hydrogen bond acceptors (H_Acceptors). These proper-
ties are essential in predicting drug-likeness and oral bioavailability, with most compounds aligning well within the acceptable range defined by
Lipinski's Rule of Five. (B) Pie charts summarizing individual ADME features per compound, such as interactions with major cytochrome P450
enzymes (e.g., CYP3A4, CYP2D6, CYP2C9, CYP1A2), P-glycoprotein (Pgp) substrate status, and blood-brain barrier (BBB) permeability. Each chart
shows the distribution of “Yes” or “No” predictions for each property, offering insights into potential metabolic liabilities and CNS penetrance. (C)
Bar chart displaying predicted excretion parameters, including simulated clearance rate (mL/min/kg) and biological half-life (h). Compounds such
as tinosporaside and formononetin showed higher clearance rates, while others like curcumin and resveratrol displayed longer half-lives, suggesting
extended systemic retention.
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FIGURE2 | (A)Venndiagram illustrating the overlap between predicted compound targets (blue) and disease-associated targets (yellow), identi-
fying 315 common genes. (B) GO enrichment analysis of common targets under BPs showing major functions like regulation of cell proliferation and
inflammatory responses. (C) GO enrichment for molecular functions (MFs) including kinase activity, receptor binding, and oxidoreductase activi-

ty. (D) GO enrichment for cellular components (CCs) highlighting localization in regions such as the plasma membrane, vesicles, and extracellular
space. (E) Hub gene network derived from PPI analysis identifying key genes (e.g., AKT1, EGFR, TNF, CASP3, STAT3). (F) KEGG Pathway enrich-
ment bar plot of disease-associated targets. Bar plot illustrating the enriched KEGG pathways associated with disease-relevant target genes. The x-

axis represents the number of genes involved in each pathway (counts), while the y-axis lists the significantly enriched pathways. The color gradient

corresponds to the -log, (p-value), with red shades indicating higher statistical significance. (G) Plant compound-target-pathway network analysis.

enrichment analysis was performed. The results are depicted in
the multi-panel network Figure 1, which integrates the infor-
mation across three GO domains: BPs, MFs, and CCs. The BPs
are represented (Figure 2B). For them, the inflammatory re-
sponse together with the regulation of apoptotic signaling path-
ways, cellular response to cytokines, as well as oxidative stress
were significant pathways among inflammatory processes of
RA. These processes are essential for the chronic inflammation
and abnormal cell survival conducted in RA synovial tissues.
In the analysis of MFs (Figure 2C), significant enrichment of
kinase activity, binding of some transcription factors, and some
cytokine receptors were noted, suggesting the presence of a
significant number of immune and non-immune factors con-
trolling the inflammation and joint destruction in RA; there-
fore, signifying the majority of these targets partake in signal
transduction, transcriptional control, and immune signaling,
which are fundamental pathways for inflammation and degen-
eration of joints in RA. For CCs, Figure 2D, most gene products
were located in the plasma membrane, cytosol, nucleoplasm,
and protein kinase complexes, thus suggesting that these pro-
teins actively participate in cell communication and signal
relaying.

3.5 | KEGG Pathway Analysis

KEGG pathway enrichment analysis was performed to under-
stand the biological significance and mechanistic functions of
the 316 intersecting genes. The outcomes were displayed as an
elaborate interaction network (Figure 2E) revealing enriched
pathways and their relevant gene sets. All connected nodes rep-
resent specific signaling cascades, metabolic pathways, immune
pathways, and disease processes, with pie charts depicting the
proportional gene count in each pathway. Pathways with the
most profound immune-inflammatory response and apoptosis
impact were the TNF signaling pathway, IL-17 signaling path-
way, Toll-like receptor signaling, and NF-xB signaling pathway.
These pathways are also known to promote chronic inflamma-
tion, immune cells, and tissue destruction of the joints in RA
(Figure 2F). In addition, apoptosis, cellular senescence, and p53
signaling pathways showed a strong emphasis on programmed
cell death, highlighting the stressed cells within the tissues as
a hallmark of disease advancement. Notably enriched were
also some cancer-related pathways such as PI3K-Akt signaling,
MAPK signaling, and pathways in cancer, reflecting the shared
molecular pathways in RA and tumoral-like hyperplasia of sy-
novial fibroblasts. Also noted were metabolic and endocrine-
related pathways like insulin resistance, estrogen signaling, and
AGE-RAGE signaling in diabetic complications, indicating a

more systemic involvement and potential links of inflammation
within metabolic conditions.

3.6 | Plant Compound-Target-Pathway Network
Analysis

To further dissect the therapeutic potential of the selected
phytochemicals, a comprehensive compound-target-pathway
network was constructed and is presented in Figure 2G. This
tripartite network integrates 12 bioactive plant-derived com-
pounds (green squares), their top 10 hub gene targets (orange
and yellow circles), and associated KEGG signaling pathways
(blue nodes). The visualization provides a systemic overview
of how plant metabolites may interact with molecular targets
to influence biological pathways relevant to apoptosis-linked
inflammation in RA. In this network, several phytochemicals
such as curcumin, resveratrol, withaferin A, silibinin, and api-
genin exhibited a high degree of connectivity, suggesting they
potentially regulate multiple hub genes simultaneously. For
example, curcumin was linked to major targets like AKTI,
CASP3, TNF, and BCL2, which are central regulators of inflam-
mation, apoptosis, and immune signaling. This multi-target in-
teraction supports the compound'’s pleiotropic effects reported
in both preclinical and clinical RA studies. The hub gene layer
(colored orange for the highest connectivity and yellow for mod-
erate) prominently features critical regulators such as AKTI,
TNF, STAT3, EGFR, SRC, BCL2, CASP3, JUN, HIF1A, and
MMP9. These genes form the molecular core of RA pathogene-
sis by modulating synovial inflammation, apoptosis resistance,
angiogenesis, and cartilage destruction. Their central position-
ing in the network underlines their importance as therapeutic
intervention points. Furthermore, the outer ring of blue nodes
represents enriched KEGG pathways that are mechanistically
relevant to RA, including the TNF signaling pathway, NF-xB
signaling, IL-17 signaling, apoptosis, and Toll-like receptor sig-
naling pathway. These pathways are tightly interconnected with
the hub genes and represent the functional consequences of tar-
get modulation by plant-derived compounds. Altogether, this in-
tegrative network underscores the polypharmacological nature
of phytochemicals and their ability to target multiple molecular
nodes and pathways simultaneously. It validates their potential
to restore immune balance and modulate apoptotic signaling,
both of which are dysregulated in RA. The network also pro-
vides a strong rationale for selecting certain compounds and tar-
gets for downstream docking, MD, or experimental validation.
MMPY, SRC, and EGFR were selected from the top 10 hub genes
due to their well-characterized structures, availability of high-
resolution crystal forms, and their documented involvement in
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both apoptotic regulation and inflammatory signaling relevant
to RA pathology.

3.7 | Molecular Docking Analysis

Docking analyses were performed to explore the binding in-
teractions of the chosen phytochemicals with the three crucial
hub proteins MMP9, SRC, and EGFR that are associated with
the RA-linked inflammation and apoptosis pathways. The top
three proteins linked with apoptosis linked RA were retrieved
from rcsb pdb including EGFR (2RGP), SRC (2BDF), and MMP9
(6ESM). The interactions of different compounds with MMP9,
SRC, and EGFR indicated promising inhibitory action, as de-
picted with the potential interactions in the docking calcula-
tions. The data for the binding energy calculations along with
the visual representations can be seen in Figure 3. Resveratrol
turned out to be the most potent compound with MMP9 receiv-
ing a binding energy of —9.40kcal/mol. This translates to signif-
icant blockage potential through multiple hydrogen bonds and
numerous hydrophobic bonds with critical active site residues
such as GLU252, LEU212, and ARG143. Daidzein and apigenin
also exhibited favorable binding energy with MMP9 at —8.29
and —7.67 kcal/mol. SRC kinase is another key part of inflamma-
tory signaling, and it was observed that quercetin and luteolin
had the highest binding energies at —8.82kcal/mol, with those
two claiming the second strongest binding energy receiving the
lowest energy value for the docking. Apigenin, naringenin, and
quercetin were the strongest compounds for EGFR, those values
being bound at —10.37, —10.21, and —10.22 showing low energy
requirement for binding. These ligands formed several intermo-
lecular hydrogen bonds and z-interactions within the kinase
domain, augmenting the strong binding capabilities. The inter-
action patterns described in Figures 3 and S1 corroborated these
results, showing the amino acid residues and molecular inter-
actions of interest, and the amino acid contacts. The majority
of compounds calculated also demonstrated highly acceptable
RMSD values, which corroborate the stability of their docked
conformations. Altogether, these findings indicate that the com-
pounds apigenin, quercetin, resveratrol, and naringenin possess
significant multi-target strong binding potential and are likely
to play an important role in the modulation of apoptosis and RA
inflammatory signaling pathways.

3.8 | MD Simulation

To understand the structural stability and dynamic character-
istics of certain protein-phytochemical complexes, MD simula-
tions were conducted on three primary target proteins (EGFR,
MMP9, and SRC) with six different ligand-bound systems. The
assessed ligands were bioactive ligands with known activity for
apigenin, naringenin, daidzein, resveratrol, quercetin, and lu-
teolin. Each simulation was conducted for 100ns. The RMSD,
RMSF, and SASA outputs generated during the simulation were
analyzed to determine movement, residue flexibility, and spatial
area bound of the molecule (Figure 4).

The RMSD plots provided significant interpretations regarding
the stability of the ligand—protein complexes over time. Notably,

the lowest and most stably enduring RMSD values throughout
the simulation for apigenin-EGFR and quercetin-SRC com-
plexes were between 2.0 and 2.8 A. This indicates a robust inter-
action and low conformational change from the initial docked
position. Luteolin-SRC also maintained a stable trajectory but
was slightly more variable at the end of the simulation, ranging
from 2.5 to 3.5A. The daidzein-MMP9 and resveratrol-MMP9
complexes, on the other hand, showed greater variability after
40ns, with RMSD values rising to 4.5-5.0A. This suggests
some degree of conformational flexibility, less stable binding,
or partial reorientation of the ligand within the binding pocket.
Naringenin—-EGFR complex demonstrated moderate structural
rearrangement during the simulation with oscillating RMSD
values around 3.0-4.0 A.

In the quest to understand localized flexibility further, we per-
formed an RMSF analysis on the backbone atoms of the EGFR,
MMP9, and SRC proteins. Among the proteins analyzed, the
structure of MMP9 demonstrated the highest fluctuation val-
ues, primarily in the loops and terminal residues, with some
RMSF peaks greater than 12 A. The high mobility in those re-
gions may account for the decreased stability of binding in the
complexes with resveratrol and daidzein. In contrast, EGFR and
SRC showed more restrained fluctuations. The EGFR protein
was observed to have an RMSF value mostly below 4 A, sug-
gesting little motion and only minimal dynamic motion in the
apigene and naringenin complexes. SRC proved to be slightly
more flexible than EGFR, particularly in the sides of the ligand-
binding domain, but stayed mostly between 4 and 6 A, which is
consistent with the stable interaction profiles in the quercetin
and luteolin complexes.

The rationale provided by SASA analysis further determined
the folds compound binding and solvent exposure in the
complexes. All complexes maintained a relative constancy in
SASA over the 100 ns simulation, showing some minor fluctu-
ations. Notably, apigenin-EGFR as well as quercetin-SRC and
luteolin-SRC showed the least variation in SASA, which sug-
gests that complexo formation is tightly packed and the ligand
is stably buried within the binding cavity. This is consistent
with the low RMSD and RMSF values that these complexes
showed. On the contrary, resveratrol-MMP9 and daidzein-
MMP9 showed bursts of high SASA values, at times peaking
close to 1100A2, which indicates that these complexes are
more exposed to solvent and thus more likely to be unstable or
weakly bound to the active site.

In conclusion, the results from MD simulations suggest that
apigenin, quercetin, and luteolin displayed the highest level of
structural stability and strongest binding as they formed more
complex structures with the EGFR and SRC targets. These li-
gands consistently showed low RMSD, low fragment level oscilla-
tion, and compact SASA values during the simulation, indicating
significant potential to act as modulators. In contrast, MMP9 in
combination with daidzein and resveratrol displays greater flexi-
bility, increased range of motion, and greater exposure to solvent,
which may undermine their biological functionality and attach-
ment strength. These insights highlight the role of dynamic sta-
bility when assessing the pharmacological potential of candidate
phytochemicals.
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Binding Affinity of Phytochemicals Across Targets
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FIGURE3 | Molecular docking of bioactive compounds with key target proteins (A) Apigenin docked with EGFR, showing hydrogen and hydro-
phobic interactions. (B) Naringenin binding to EGFR, engaging with residues such as ARG776 and LYS846. (C) Daidzein interacting with MMP9
via contacts with ALA140 and LEU212. (D) Resveratrol docked with MMP?9, stabilized by bonds with ARG143 and ASP139. (E) Luteolin binding to
SRC kinase, forming hydrogen bonds with HIS319 and GLU331. (F) Quercetin interacting with SRC, forming significant hydrogen and electrostatic

contacts.

4 | Discussion dysregulation and apoptosis imbalance, especially in the
microenvironment of the synovial joint [36]. Synovial fibro-

Rheumatoid arthritis is a chronic autoimmune disease as- blasts (FLS) in RA patients undergo neoplastic hyperplasia

sociated with inflammation, joint damage, and systemic and acquire resistance to apoptosis, exacerbating cartilage
involvement [35]. One of the defining traits of RA is the  and bone erosion [37, 38]. At the same time, activated mac-
chronic inflammation coupled with immune homeostasis rophages and T cells excessively produce pro-inflammatory
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FIGURE 4 | Root mean square deviation (RMSD) plots display the overall stability of each protein-ligand complex over time. Apigenin-EGFR
and quercetin-SRC showed the lowest and most stable RMSD values (2-3 A), indicating strong and stable interactions. daidzein-MMP9 and resver-
atrol-MMP9 exhibited higher fluctuations (up to 5A), reflecting greater structural variability. Root mean square fluctuation (RMSF) plots represent
the residue-level flexibility of EGFR, MMP9, and SRC. MMP9 showed the highest residue fluctuations (above 10 A) in loop regions, whereas EGFR
and SRC demonstrated more restrained fluctuations, consistent with more stable binding. Solvent accessible surface area (SASA) plots illustrate the
degree of solvent exposure of the protein-ligand complexes. apigenin-EGFR, quercetin—-SRC, and luteolin-SRC maintained consistent and compact
SASA values (~800-1000A2), supporting their structural integrity and stability. In contrast, daidzein-MMP9 and resveratrol-MMP9 showed in-
creased solvent exposure, correlating with their higher RMSD values. Together, these results suggest that apigenin, quercetin, and luteolin form the
most stable and compact interactions with their respective targets, highlighting their potential as strong therapeutic candidates.

cytokines, including TNF-a, IL-6, and IL-1f3, sustaining the
amplification loop of inflammation and triggering more in-
flammatory cascades involving NF-xB, STAT3, and MAPK
[39, 40]. These self-sustained pathways promote the unrelent-
ing inflammation and proliferation of immune and stromal
cells while firmly anchoring the apoptotic pathways. Thus, in
RA, control of inflammation and enhancement of apoptosis
together provide a better long-term outcome. Unfortunately,
the majority of conventional treatment options, including
NSAIDs and some biologics like TNF inhibitors, focus on
reducing inflammation and often neglect the underlying

mechanismsofapoptoticresistance thatdrive the overgrowth of
synovium.

Our study utilized an integrative network pharmacology
and molecular modeling strategy to screen for bioactive plant
compounds capable of modulating apoptotic inflammatory
pathways in RA. A screened set of 12 phytochemicals with anti-
inflammatory and/or pro-apoptotic activity was assessed for
drug-likeness using Lipinski's Rule of Five. All compounds met
the criteria for potential oral bioavailability. These phytochem-
icals were sourced from traditional medicinal plants including
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Curcuma longa, Boswellia serrata, Polygonum cuspidatum,
Emblica officinalis, and Scutellaria baicalensis. Target predic-
tion by SwissTargetPrediction provided 513 unique targets,
which were subsequently intersected with the 6629 RA-related
genes identified from the GeneCards, OMIM, and DisGeNET
databases using the query “Apoptosis-Linked Inflammatory
Pathways In Rheumatoid Arthritis.” This intersection yielded
316 common genes, indicating significant mechanistic conver-
gence between the actions of the plant compounds and the biol-
ogy of the disease.

The STRING database enabled the construction of a PPI network
that was visualized through Cytoscape, revealing 10 hub genes
identified from degree centrality: AKT1, TNF, EGFR, STATS3,
SRC, BCL2, CASP3, JUN, HIF1A, and MMP9. Apoptosis, cyto-
kine signaling, oxidative stress response, angiogenesis, and im-
mune activation are critical tenets of RA pathophysiology where
these genes function as pivotal regulators. Of particular impor-
tance is the fact that TNF and STAT3 are well-characterized RA
biologic therapeutic targets, with TNF inhibitors being the foun-
dational drugs of backbone RA biologic therapy. AKT1, BCL2,
and CASP3 are key cell-surviving and cell-death executable
factors and are frequently dysregulated in RA synovial cells.
Though more conventionally regarded as falling within the do-
main of cancer, EGFR and SRC have recently been recognized
as driving factors of RA and associated with increased prolifer-
ation and invasiveness of rheumatoid synovial fibroblasts (FLS).
The centrality of these genes underscores the ability of certain
phytochemicals to effect fundamental changes in the biology of
the disease rather than its mere symptoms.

These findings were supplemented by functional enrichment
analysis. GO annotation indicated that these common targets
are enriched in BPs such as regulation of apoptotic signaling,
response to cytokines, and positive regulation of inflammatory
response. In terms of MF, these targets participated in kinase ac-
tivity, receptor binding, and modulation of transcription factors,
whereas the analysis of CCs indicated localization to the plasma
membrane, nucleus, and cytosol, which are essential for signal
transduction as well as gene regulation. The enriched KEGG
pathways demonstrated significant association with TNF sig-
naling, NF-xB pathway, IL-17 signaling, apoptosis, PI3K-AKT
signaling, and Toll-like receptor signaling, which are known to
contribute to the pathogenesis of RA.

The docking findings were pivotal in corroborating the in silico
research. MMP9, a matrix metalloproteinase associated with
RA cartilage degradation, had the strongest binding to resver-
atrol at —9.40kcal/mol. Tian et al. [41] reported that where they
showcased that resveratrol inhibits the expression of MMP in
RA synovial fibroblasts. EGFR also had remarkable binding
with apigenin, quercetin, and naringenin with scores of —10.36,
—10.21, and —10.22 kcal/mol respectively. These binding sites in-
cluded important side chains within the EGFR kinase domain
and suggest that these flavonoids might have the potential to
suppress fibroblast-like synovial cell proliferation, which was
demonstrated by Pan et al. [42], where quercetin was shown
to downregulate the EGFR/PI3K/AKT signaling axis in RA.
Quercetin and luteolin also proved to have notable binding to
SRC kinase at —8.82kcal/mol. This receptor is vital in inflamma-
tion caused by cytokines and the migration of the synoviocyte.

The 2D interaction diagrams validated stable hydrogen bonding
together with hydrophobic interactions. In addition, RMSD val-
ues below 3.0 A for most ligands suggested stable docking poses.
It was also clear that these compounds bound strongly to several
hub proteins, which reinforces the RA multi-target claim.

The systematized multi-target approach is reminiscent of the
concepts underpinning polyherbal therapy, where the therapeu-
tic effect of a given formulation is thought to occur due to the
enhancement of multiple biological pathways. Li and Zhang [43]
have underscored the benefits of such approaches concerning
complex autoimmune disorders like RA, where the intrinsic re-
dundancy in signaling and compensatory feedback mechanisms
tends to frustrate single-target intervention strategies. Moreover,
these compounds exhibit only moderate binding within the sys-
tem, suggesting that other constituents of the extracts and their
analogs, like curcumin and withaferin A, invoke significant im-
munomodulatory and antioxidant effects to augment the dosed
therapeutic effects.

In essence, the findings of this study suggest strong computa-
tional evidence indicating that certain selected plant-derived
compounds are capable of interacting with pivotal hub genes and
signaling pathways in RA apoptosis dysregulation and inflam-
matory overactivation. The intersection of network pharmacol-
ogy, GO enrichment, KEGG analysis, and molecular docking
and dunamix simulations at 100 ns suggests that quercetin, res-
veratrol, apigenin, and naringenin are potent multi-target phy-
totherapeutic leads. These results justify further investigation
through in vitro validation, followed by preclinical and clinical
studies. The combination of strategies employed in this study
provides an innovative approach toward natural products-based
drug development, particularly for highly intricate diseases like
RA, where complex diabolic immune and apoptotic pathway in-
terplay requires dual balance for long-lasting remission.

The scope and duration of the MD simulation represent one
limitation of this study. A 100ns simulation time is often ade-
quate for complex stabilization and significant conformational
changes, but it is unlikely to capture rare binding events or
slower structural transitions. Moreover, only six representative
complexes with the best docking scores and biological relevance
were chosen for simulation. Due to limited computational re-
sources, longer or replicate simulations were not conducted.
These additional simulations would significantly improve sta-
tistical certainty, exposing varying degrees of stable kinetic
conformations. It is recommended that future work incorporate
multiple extended time as well as replica simulation runs to im-
prove the robustness and reproducibility of the results.

The multi-target approach of using phytochemicals in complex
disorders like RA may be beneficial, but one must consider their
off-target effects due to their multitasking properties. Numerous
herbal compounds such as quercetin, apigenin, and resveratrol
have metabolic, cell cycle, and even neurological interactions,
which are not directly related to RA. Although these therapeutic
effects may be useful, the risk of off-target therapeutic effects
of non-disease-specific pathways could be harmful, posing
safety and specificity concerns. Despite the fact that the com-
pounds chosen in this study have low toxicity and high safety
profiles from prior in vivo and clinical trials, these compounds
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still require validation through in vitro selectivity testing and
in vivo toxicity profiling. Such studies are important to establish
the therapeutic windows for the drugs in order to limit harmful
effects in the later stages of drug development.

5 | Conclusion

In this study, we aimed to evaluate the efficacy of certain phy-
tochemicals in apoptosis and inflammation, which are two
interconnected pathological processes in RA. Using network
pharmacology and molecular docking along with gene-disease
association analysis, we mapped disease-associated genes and
discovered 316 genes in common among the data sets, subse-
quently selecting 10 hub genes as the focus of our apoptotic and
inflammatory cytokine signaling pathways. Functional enrich-
ment analysis confirmed the involvement of these targets with
significant participation in the TNF, IL-17, NF-xB, and apopto-
sis pathways. Strong candidates included apigenin, quercetin,
resveratrol, and naringenin due to their stable interaction and
high affinity binding with the primary targets MMP9, SRC,
and EGFR. These compounds validated the mallemstrom hy-
pothesis by exhibiting multi-target binding and confirming
cystabilization as potential RA pathogenesis modulators. Their
dual action in apoptosis and inflammation has the potential to
overcome the limitations of conventional treatments that fail
to restore immune tolerance and resolve synovial hyperplasia.
Such findings not only reinforce the growing evidence need-
ing natural products for the treatment of autoimmune diseases
but also serve as a basis for further in vitro and in vivo studies
and clinical applications. Future studies should aim at the ex-
perimental validation of these interactions as well as studying
the pharmacokinetics, toxicity, and synergistic effects of these
phytochemicals in vivo.
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Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Figure S1: Molecular docking of bio-
active compounds with key target proteins (A) Apigenin docked with
EGFR showing hydrogen and hydrophobic interactions. (B) Naringenin
binding to EGFR, engaging with residues such as ARG776 and LYS846.
(C) Daidzein interacting with MMP9 via contacts with ALA140 and
LEU212. (D) Resveratrol docked with MMP9, stabilized by bonds with
ARG143 and ASP139. (E) Luteolin binding to SRC kinase, forming hy-
drogen bonds with HIS319 and GLU331. (F) Quercetin interacting with
SRC, forming significant hydrogen and electrostatic contacts.
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ABSTRACT

Objectives: Inclusion body myositis (IBM) can result in deadly respiratory consequences. Yet, the mechanism driving this issue
remains equivocal. We mapped the literature to identify physiological respiratory characteristics in IBM and the types of respira-
tory assessments used.

Methods: We performed a scoping review using seven databases and the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-ScR) guidelines.

Results: Our search yielded 381 studies, of which 17 studies were reviewed. Case studies/series predominated (53%). Studies
mainly used pulmonary function testing (76%), suggesting restrictive respiratory abnormalities. However, insufficient reporting
of race/ethnicity (82%), disease duration (59%) and severity (77%), and assessment operations (82%) and interpretation (59%)
protocols were problematic. Half of the studies relied on standalone assessments, and 75% of studies that reported interpretation
protocols applied interpretation cutoff thresholds.

Conclusion: Low-level evidence guides our understanding of IBM-induced respiratory dysfunction. Future studies should en-
sure detailed and transparent reporting and follow current best practices for respiratory assessment to define IBM-induced res-
piratory dysfunction.

1 | Introduction [1, 2]. The coexistence and likely role of the aging immune sys-

tem has also been proposed [3]. However, the primary driver

Inclusion body myositis (IBM) remains the most common id-
iopathic inflammatory myopathy (IIM) in older adults with-
out an effective treatment [1, 2]. Pathogenetic interactions
between rheumatic and degenerative pathways have been well-
documented. Notably, IBM histopathology shows myofiber-
invading cytotoxic T cells and multiprotein deposit formation

of the disease mechanism and its progression remains ambig-
uous [1-3].

More defined information exists on IBM's distinct clinical fea-
tures resulting from the aforementioned pathogenetic interac-
tions. The recently updated European Neuromuscular Center
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(ENMC) diagnostic criteria highlight IBM's hallmark clinical
features as slowly progressive and asymmetric muscle weak-
ness, especially affecting the deep finger flexor and/or knee
extensor muscles, and are often accompanied by dysphagia
[4]. Respiratory-related complications, particularly aspiration
pneumonia, are also commonly reported sequelae of IBM and
notoriously cited as a leading cause of death [5-8]. Moreover,
subclinical or asymptomatic respiratory involvement has been
linked to IBM [9], suggesting respiratory dysfunction may even
be under-detected.

While respiratory involvement appears to be a pervasive symp-
tom of IBM, the physiological characteristics underlying respi-
ratory dysfunction and how it has been assessed are unclear.
Additionally, this topic is understudied and was of interest to
international IBM experts who participated in the 2023 ENMC
IBM diagnostic criteria revision meeting [4]. To our knowledge,
no published reviews or systematic efforts have surveyed the lit-
erature on this topic. For these reasons, we aimed to map the lit-
erature to identify the studies available describing physiological
respiratory characteristics underlying respiratory dysfunction
in IBM and the types of respiratory assessments used.

2 | Materials and Methods

In considering our objectives and established review guidelines
by Munn et al. [10], we conducted a scoping review without crit-
ical appraisal. Our review protocol and reporting framework
followed the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses extension for Scoping Reviews (PRISMA-
ScR) guidelines [11].

2.1 | Eligibility Criteria

We included peer-reviewed studies and gray literature that
involved human adults with IBM and reported a respiratory-
related outcome. Studies that were unobtainable, unavailable
in English, or nonempirical were excluded. We further excluded
studies in which IBM subgroup data could not be differentiated
from another group (e.g., other IIMs) and when a potentially
confounding comorbid respiratory condition was present (e.g.,
chronic pulmonary obstructive disease, pulmonary fibrosis, and
obstructive sleep apnea [OSA]). Of note, we are aware of a few
studies that have posited strong links between IBM and OSA due
to pharyngeal and respiratory muscle weakness [9, 12]. We ulti-
mately excluded studies involving OSA because its pathogenesis
can be heterogeneous and multifactorial, including components
not directly caused by muscle weakness. For example, OSA can
involve upper airway volume loss due to obesity or craniofacial
structural defects, nocturnal rostral fluid shift, and a reduced
respiratory arousal threshold [13, 14].

2.2 | Information Sources and Search Strategy

Our search covered seven databases, including PubMed,
CINAHL, Scopus, Web of Science, Google Scholar, OpenGrey,
and Clinicaltrials.gov. The search timeline was set from the
date of database inception through January 12, 2024, across all

databases. The first author (KRA) drafted and iterated the ini-
tial search strategy based on discussions with the corresponding
author (KLG). The search strategy was further refined by coau-
thor GK, an experienced biomedical librarian, who compiled the
final search strategy with team approval. Briefly, we included
variations of the following terms: inclusion body myositis, lung
diseases, respiratory insufficiency, respiration disorders, pneu-
monia, and respiratory muscles. See Appendix S1 for the final
search strategy. We imported the search results into the Rayyan
review management platform, where we completed duplicate re-
moval and screened studies for eligibility.

2.3 | Study Screening

Two raters (KRA and KLG) screened each study. An initial cal-
ibration meeting was held to increase consistency between both
raters. This step was followed by two rounds of blind indepen-
dent screening. The first round focused only on screening titles
and abstracts, and the second round involved full-text screening
of all remaining studies. We calculated the interrater percent
exact agreement for each round. Discrepancies were resolved by
discussion until consensus was reached in each round.

2.4 | Data Extraction and Synthesis

We developed a spreadsheet for data extraction of the eligible
studies included for final review. All available study demograph-
ics were recorded, including country; study design; sample size;
age; sex; race/ethnicity; disease duration; and IBM Functional
Rating Scale (IBMFRS) scores, the most widely used standard
metric for capturing IBM disease severity [15]. We also recorded
the types of respiratory assessments used, including whether
the studies provided sufficient details about their assessment
operations and interpretation protocols. Finally, we recorded
the physiological respiratory characteristics captured with each
assessment, whether the studies explicitly reported the pres-
ence of respiratory dysfunction, and the respiratory dysfunction
classification reported (i.e., obstructive versus restrictive). We
documented instances when information was unspecified by
the studies and handled these data as appropriate. Two review-
ers (KRA and BRR) completed data extraction. Similar to the
screening phase, they completed an initial calibration meeting
followed by independent study reviews. Subsequently, the re-
viewers compared and discussed the extracted data and com-
puted interrater percent exact agreement for the data recorded
in the spreadsheet columns for a randomly selected 20% subset
of the eligible studies. Any discrepancies were resolved via con-
sensus, and if necessary, by consulting the corresponding author
(KLG). The updated results were reported in a master spread-
sheet for data synthesis, which involved organizing data based
on our review objectives. Frequency counts and percentages
were computed to provide an overview of the data.

3 | Results

Our search generated 381 studies from all the databases. After
removing duplicates, we screened 192 studies. Seventeen of
these studies met the eligibility criteria and were included
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FIGURE1 | PRISMA 2020 screening flowchart.

for final data extraction and synthesis. Figure 1 provides the
PRISMA 2020 flowchart [16] displaying the screening process
and results. A breakdown of the number of studies retrieved
from each database can be found in Appendix S1. Interrater
reliability was achieved with 82% and 84% exact agreement for
screening rounds one and two, respectively. For data extraction,
interrater reliability was attained with 95% exact agreement.

3.1 | Sources of Evidence

Fifteen studies were published peer-reviewed journal arti-
cles (88%) [17-31]. Gray literature comprised the remaining
two studies, which were published conference abstracts (12%)
[32, 33]. Ten studies were from North America (59%) [17, 19,
20, 22-26, 32, 33], five from Europe (29%) [18, 27, 28, 30, 31],
one from South America (6%) [21], and one from Asia (6%) [29].
The literature was most densely populated with case studies/se-
ries (n=9, 53%) [20-22, 24, 26, 27, 31-33]. Other study designs
identified were retrospective observational cohort (n=5, 29%)
[17, 19, 25, 28, 29], cross-sectional (n=2, 12%) [23, 30], and a
randomized controlled trial (n=1, 6%) [18]. As such, there were

FIGURE 2 | Distribution of study designs. The values listed repre-
sent the number of studies, %.

three prospective studies (18%) [18, 23, 30]. Figure 2 displays the
overall frequency distribution of study designs. One hundred
percent of the studies specified details about the aggregate sam-
ple size, age, and sex of patients with IBM [17-33]. Details re-
garding patients' race/ethnicity (n =3, 18%) [19, 22, 27], disease
duration (n=7, 41%) [18, 19, 23, 25, 27, 29, 30], and disease sever-
ity (in studies published after the IBMFRS was first publicized;
n=3, 23%) [18, 23, 29] were less frequently reported. Complete
study demographics can be found in Table 1.
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3.2 | Respiratory Assessment

Most of the studies reported the respiratory assessments used
(n=14, 82%) [17-24, 27, 29-33], while the remaining studies
failed to specify their assessments despite reporting a respira-
tory outcome (n=3, 18%) [25, 26, 28]. Of those that reported
their assessments, seven studies used one type of assessment
(50%) [17-19, 22-24, 32], with pulmonary function testing
(PFT) being most common (n=6, 86%) [17-19, 22, 23, 32].
The remaining seven studies reported more than one assess-
ment (50%) [20, 21, 27, 29-31, 33]. Across all studies, PFT was
most frequently implemented (n =13, 76%) [17-23, 27, 29-33],
followed by arterial blood gas (ABG) testing (n=35, 29%)
[20, 21, 30, 31, 33], imaging (n=4, 24%) [20, 24, 27, 29], clin-
ical assessments (n=3, 18%) [20, 29, 30], electrophysiological
testing (n=2, 12%) [30, 31], and sleep studies (n=1, 6%) [27].
Figure 3 displays the distribution of assessments used. One
study reported sufficient details about their assessment oper-
ations protocol (6%) [30], two studies reported partially suf-
ficient details (12%) [19, 23], and the remaining studies had
insufficient details (82%) [17, 18, 20-22, 24-29, 31-33]. Three
studies had sufficient details about their assessment interpre-
tation protocol (18%) [18, 19, 23], four studies provided partial
details (23%) [29-31, 33], and the remaining studies had insuf-
ficient information (59%) [17, 20-22, 24-28, 32]. Score thresh-
olds for forced vital capacity (FVC), obtained from PFT, were
most commonly reported in four studies that described aspects
of their interpretation protocol (57%) [18, 19, 23, 29]. Out of
these four studies, three of them employed fixed cutoff inter-
pretation thresholds (75%) [19, 23, 29]. Table 2 further specifies
the assessments deployed across studies.

3.3 | Physiological Respiratory Characteristics

Table 3 provides specific details regarding the physiological
respiratory characteristics underlying respiratory dysfunc-
tion associated with IBM. Respiratory dysfunction was ei-
ther explicitly reported (n=13, 76%) [17, 19-24, 27, 29-33] or
can be implied based on the reported outcomes (n=4, 24%)
[18, 25, 26, 28]. Four studies specified a respiratory dysfunction
classification (24%) [19, 22, 31, 32], each indicating restrictive
respiratory abnormalities. All other studies did not indicate a
respiratory dysfunction classification (n=13, 76%) [17, 18, 20,
21, 23-30, 33].

Number of Studies

2 I I I
0

Pulmonary Arterial blood
function testing gas testing ogical testing
Total 13 5 4 3 2 1

Imaging Sleep studies

assessments

FIGURE 3 | Distribution of respiratory assessments used.

4 | Discussion

We conducted a scoping review to identify and map the available
literature on respiratory dysfunction in IBM, a critical problem
often associated with significant mortality [5-8]. Our findings
feature a paucity in research. There were a limited number of
studies that were relevant to our search and eligible for inclusion,
which highlighted this evidence gap. Furthermore, the 17 studies
included for final review mainly comprise lower evidence levels
(OCEBM Levels of Evidence Working Group) [34], particularly
case studies/series or retrospective observational cohort stud-
ies (Table 1). We also identified only three prospective studies
[18, 23, 30], which are advantageous for reducing information and
bias recall and intentionally controlling variables of interest [35].

Most studies reported the respiratory assessments they used, but
three studies that reported aspiration pneumonia as an outcome
did not specify their assessment [25, 26, 28]. A fourth study that
reported aspiration pneumonia as an outcome used a combina-
tion of clinical history review (i.e., observed macroaspiration),
patient interviews, and chest radiography to identify this out-
come [29]. This combination of assessments is mostly sufficient
for diagnosing aspiration pneumonia, but greater fidelity may
have been achieved by also examining vital signs, procalcitonin
serum biomarkers [36], and oral colonization risk factors [37].
According to Almirall et al. [37] and KoSutova and Mikolka
[36], a host typically develops aspiration pneumonia as a result
of bacterial macroaspiration from oropharyngeal content, with
dysphagia often being involved. Those with a strong immune
system and an effective cough, a critical defense mechanism
against aspiration, can aspirate content into the airway with-
out respiratory sequelae [36, 37]. The physiological mechanism
underlying dysphagia in IBM has been explored [38], with pre-
liminary work integrating well-tested functional swallowing
analyses [39]. However, it is surprising that cough function has
yet to be assessed in IBM despite its role in protecting the airway
from ingested or endogenous content.

Of the studies that reported their respiratory assessments, we
identified a wide range of assessment types that provide insight
into the mechanism underlying respiratory dysfunction in IBM
(Table 2). There were assessments that either measured struc-
tural or functional status of the respiratory mechanism. The
former helps detect issues related to structural abnormalities,
muscle and nerve integrity, and the mechanism’'s morphology.
The latter provides information about the mechanism's mechan-
ical performance. Few studies applied the former (i.e., imaging
and electrophysiological testing), while most studies used the
latter (i.e., PFT, ABG testing, clinical assessments, and sleep
studies).

Nearly half of the studies drew conclusions about respiratory
involvement using only one type of assessment [17-19, 22-24,
32]. In this subset and more broadly across over three-fourths
of all studies, PFT was most commonly used [17-23, 27, 29-
33]. Pulmonary function testing is the criterion standard for
distinguishing between obstructive and restrictive respira-
tory abnormalities [40] and has been widely applied to pro-
vide valuable information about the physiological properties
of the respiratory mechanism [41]. Yet, clinical standards ad-
vise against using PFT thresholds as a standalone metric for
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TABLE 2 | Types of respiratory assessments.

Sufficient details
about assessment

Sufficient details
about assessment

Study Assessments operations protocol? interpretation protocol?
Alhammad & Naddaf[17] PFT (FVC, n=1; overnight No No
oximetry, n=1)
Benveniste et al. [18] PFT (FVC) No Yes; the percent change
in FVC from baseline to
follow-up was used
Brokamp et al. [19] PFT (FVC) Partial; the study only Yes; FVC <79% predicted
reported that the same was used to identify
respiratory therapist respiratory dysfunction
performed PFT, with
the patients sitting in
an upright position
Cohen et al. [20] « Imaging (chest No No
radiography)
« Clinical assessment
(physical examination)
+ ABG testing (pH, PCO,,
and PO,)
« PFT (NIF)
Cordeiro de Souza et al. + ABG testing (PaO, and No No
[21] PaCO,)
« PFT (static lung
compliance, breathing
frequency, VT, f/VT index,
SpO,, P, ;, MIP, and timed
inspiratory effort)
Dardis et al. [22] PFT (FVC) No No
Goyal et al. [23] PFT (FVC and NIF) Partial; the study only Yes; FVC < 50% predicted

Martin et al. [24]

Oh et al. [25]

Ramirez Ramirez &
Hillman [26]

Salam et al. [27]

Schrey et al. [28]

Imaging (computed

tomography)

Unspecified
Unspecified

« PFT (FVC, n=4)

« Imaging (diaphragmatic
ultrasound, n=1)

o Sleep studies (n=1)

Unspecified

reported that a trained
respiratory therapist
performed PFT using a
Renaissance III spirometer
(a facemask was only
used for those with facial
weakness) and MicroRPM
handheld pressure meter,
with the patients sitting
in an upright position

and NIF < 60cm were used to
identify respiratory dysfunction

No

No
No

No

(Continues)
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TABLE 2 | (Continued)

Sufficient details Sufficient details
about assessment about assessment
Study Assessments operations protocol? interpretation protocol?
Taira et al. [29] « PFT (FVC) No Partial; FVC < 80% predicted
« A combination of clinical was used to identify respiratory
assessment (clinical dysfunction, but the parameters
history review [i.e., for the other assessments were
observed macroaspiration] not reported sufficiently
and patient interviews)
and imaging (chest
radiography) to identify
aspiration pneumonia
Teixeira et al. [30]  Clinical assessment (10cm Yes Partial; some parameters were
dyspnea visual analog reported (e.g., static mouth
scale, tidal inspiratory pressure twitch <10cm
abdominal paradox, and H,0, MIP <50% predicted,
respiratory pulse) and MEP < 50% predicted)
« PFT (VC, FEV,, FEV,/VC, but other parameters were
TLC, FRC, RV, TLCO, MIP, unspecified (e.g., other PFT
and MEP) properties, rib cage and
+ ABG testing (PaO,, PaCO,, abdominal displacements,
and pH) and diaphragmatic EMG)
« Electrophysiological
testing (phrenic nerve
conduction study [i.e.,
static mouth pressure
twitch, rib cage and
abdominal displacements,
and transdiaphragmatic
pressure] and
diaphragmatic EMG)
Voermans et al. [31]  ABG testing (PCO, and No Partial; VC of 2.6 L, MIP
HCO,) of 6.9kPa, and MEP of
« Electrophysiological 8.9kPa were used to identify
testing (phrenic nerve respiratory dysfunction, but
conduction study and EMG the parameters for the other
of respiratory muscles) assessments were not reported
« PFT (VC, MIP, and MEP)
*Aggarwal et al. [32] PFT (spirometry was used, No No
but the properties measured
were unspecified)
*Bautista et al. [33] « ABG testing (pH, PCO,, No Partial; the parameters
and HCO,) for PFT were reported but
« PFT (rapid shallow not for ABG testing

breathing index and NIF)

Note: An asterisk indicates that the study was obtained from gray literature.

Abbreviations: ABG, arterial blood gas; EMG, electromyography; f/VT, respiratory frequency to tidal volume ratio; FEV,, forced expiratory volume in 1s; FEV,/VC,
forced expiratory volume in 1s to vital capacity ratio; FRC, functional residual capacity; FVC, forced vital capacity; HCO,, bicarbonate; MEP, maximal expiratory
pressure; MIP, maximal inspiratory pressure; NIF, negative inspiratory force; P ;, airway occlusion pressure at 100ms; PaCO,, arterial partial pressure of carbon
dioxide; PaO,, arterial partial pressure of oxygen; PCO,, partial pressure of carbon dioxide; PFT, pulmonary function testing; pH, acidity or alkalinity level of blood;
PO,, partial pressure of oxygen; RV, residual volume; SpO,, oxygen saturation; TLC, total lung capacity; TLCO, transfer factor of the lung for carbon monoxide; VC,
vital capacity; VT, tidal volume.

determining underlying respiratory dysfunction [41, 42]. It is more comprehensive assessments in the other half of those
recommended that PFT results be correlated to or interpreted studies that used a combination of assessments [20, 21, 27, 29—
with other assessments and clinical information (e.g., symp- 31, 33]. Interestingly, all of the studies that used a combination
toms and exposures) [41, 42]. We can appreciate relatively of assessments implemented PFT.
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Across all studies, some degree of respiratory involvement was
observed. Several physiological respiratory characteristics that
may explain respiratory dysfunction in IBM emerged from the
assessments (Table 3). A major challenge to interpreting and ex-
trapolating these data is the insufficiently detailed reporting of
information. This trend mainly involved the lack of information
reported about race/ethnicity, disease duration and severity, and
assessment operations and interpretation protocols (Tables 1
and 2). These variables are important for better understanding
IBM and its impact on the respiratory mechanism. Although
IBM has historically been considered a disease affecting White
individuals, recent work has shown that IBM can have a sub-
stantial impact on non-White patients [43]. The lack of race/eth-
nicity details ignores potentially relevant genetic, cultural, and
environmental differences that may affect the progression of re-
spiratory dysfunction and intervention responsiveness. Atypical
and heterogeneous phenotypes of IBM have also been detected,
particularly at early disease onset [44]. Thus, poor reporting of
disease duration and severity across the reviewed studies may
limit our ability to explain any variability in physiological re-
spiratory phenotypes, classify such phenotypes, and perform
predictive modeling. It can also lead to delayed diagnosis or
misdiagnosis.

Insufficient reporting of assessment operations and interpreta-
tion protocols poses significant problems that undermine the
reliability, reproducibility, and internal validity of the evidence.
For example, differences in PFT technique and the sensitivity
and specificity of equipment may impact measurements of re-
spiratory function. As such, a nuanced comparison of data be-
tween studies is limited and not advisable, so we opted to only
comment on the broader respiratory dysfunction classification
reported. There were four studies that classified respiratory dys-
function [19, 22, 31, 32]. Each study indicated restrictive respi-
ratory abnormalities based on PFT results. Two studies reported
reduced FVC [19, 22]. One study reported reduced maximal in-
spiratory pressure (MIP), maximal expiratory pressure (MEP),
and vital capacity (VC) [31]. The last study did not indicate the
PFT respiratory properties used to determine a restrictive respi-
ratory abnormality [32]. Reduced FVC [41, 45], MIP, MEP, and
VC scores [46-49] can be suggestive of restrictive respiratory
abnormalities.

However, the findings associated with respiratory dysfunction
classification in IBM should be carefully construed because
assessment interpretation protocols were insufficiently or par-
tially described across studies [17, 20-22, 24-33]. In addition,
fixed cutoff thresholds for interpreting properties like FVC
were mainly employed for respiratory dysfunction classifica-
tion [19, 23, 29], but this approach is no longer recommended.
Present-day standards state that it is more superior to interpret
PFT properties comprehensively by capturing metrics of airflow,
lung volume, and gas transfer to detect the type of respiratory
dysfunction classification [41]. In the setting of IBM's insidious
chronic skeletal muscle weakness, restrictive respiratory abnor-
malities seem logical, as this pattern of respiratory dysfunction
involves difficulty inhaling fully because of extrapulmonary is-
sues (e.g., weakness and decreased chest compliance). Restrictive
respiratory abnormalities are also common in neuromuscular
diseases like Parkinson's disease [50] that share similar molec-
ular and clinical phenotypes to IBM [51, 52]. Nonetheless, the

classification of restrictive respiratory abnormalities requires
FVC, forced expiratory volume in 1s, and total lung capacity
scores to fall below the lower boundaries of normal, defined ac-
cording to an individual's baseline or predisease status [41].

We acknowledge that our review had some limitations. First, we
only included obtainable English records in our review. Second,
we did not perform a critical appraisal of the studies, which is
permissible for scoping reviews. Third, we excluded studies that
involved patients with IBM and comorbid OSA, which likely
contributed to the predominance of restrictive respiratory ab-
normalities. However, obstructive respiratory abnormalities
may not always be linked to OSA (e.g., paradoxical chest wall
insufficiency). Because we intended to isolate respiratory in-
volvement directly ascribed to IBM, we removed OSA's potential
confounding effect as it can have heterogeneous and multifacto-
rial pathogenesis. Fourth, we included two conference abstracts
from gray literature in our calculations. This choice was made
to provide a broader representation of the evidence, but we are
aware that conference abstracts are word-constrained and in-
herently limited in the information they can report. Finally,
while we aimed to broadly capture respiratory dysfunction in
IBM, our discussion largely focused on the functional aspects
surrounding such issues because most studies assessed func-
tional respiratory outcomes as opposed to measures of struc-
tural integrity.

5 | Conclusion

Despite respiratory dysfunction being extensively documented
as a primary source of mortality in IBM, the mechanism un-
derlying this issue has yet to be well defined. Our scoping re-
view intended to clarify this issue. However, in the limited and
mainly low-level evidence available, we found that accurate and
nuanced interpretations of the physiological respiratory charac-
teristics reported are primarily based on insufficiently described
study demographics and assessment protocols, and outdated
assessment interpretation standards. Nonetheless, reflecting
on the available evidence provides valuable insight and gives
us the opportunity to recalibrate future work to maximize the
reliability, validity, and generalizability of conclusions drawn
about respiratory dysfunction in IBM. We recommend that fu-
ture work focus on systematic, rigorous, and prospective efforts
in exploring respiratory biomechanics and function in IBM, in-
cluding standardized cough, lung, and respiratory muscle met-
rics. Future work should strive to comply with the current best
practices for performing, interpreting, and reporting respiratory
assessments as outlined by the American Thoracic Society and
the European Respiratory Society.
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Dear Editor,

Survival in systemic lupus erythematosus (SLE) has improved,
yet cardiovascular morbidity and mortality remain disproportion-
ately high [1-3]. Chronic inflammation, endothelial dysfunction,
and traditional risk factors synergistically accelerate atheroscle-
rosis in SLE, with systemic inflammation independently predict-
ing adverse cardiovascular events [4]. Although hospitalization
rates for cardiovascular complications are rising, the drivers of
these admissions and the role of social determinants of health are
incompletely understood [5]. We therefore examined sociodemo-
graphic and hospital-level predictors of cardiovascular-related
hospitalizations in a contemporary, national SLE cohort.

This retrospective cohort study utilized hospitalization records
from the Healthcare Cost and Utilization Project National
Inpatient Sample (HCUP-NIS) from January 1, 2016, to December
31, 2021 [6]. This database is the largest publicly available all-
payer inpatient database in the United States, which, when
weighted, provides national estimates representing more than
35 million hospitalizations annually. As publicly available, de-
identified data were used, informed consent or local institutional
review board approval was waived. Hospitalizations were identi-
fied for adults aged >18years with a diagnosis of SLE using the

International Classification of Diseases, Tenth Revision (ICD-10)
codes—M32.1x, M32.8, and M32.9. Cardiovascular hospitaliza-
tion was determined by the principal diagnosis (ICD-10-CM codes
100-199) recorded for each admission. The primary outcome of
interest was cardiovascular-related hospitalization, categorized
into specific events, including heart failure (HF), coronary artery
disease (CAD), atrial fibrillation (AF), and stroke. National-level
estimates were generated from discharge weights assigned to
each hospitalization. Descriptive statistics were used to character-
ize the cohort, with categorical variables reported as counts and
percentages. Multivariable modified Poisson regression with ro-
bust variance estimates was used to assess associations between
sociodemographic and hospital-level factors and cardiovascular
hospitalizations. We constructed a model that adjusted for socio-
demographic factors and comorbid conditions. Generalized esti-
mating equations (GEEs) with a compound symmetry correlation
matrix were used to account for clustering at the hospital level.
Effect sizes were expressed as relative risk (RRs) and their corre-
sponding 95% confidence intervals (CIs). Statistical significance
was set at a two-sided p <0.05.

A total of 165290 cardiovascular hospitalizations from 2016
to 2021 for patients with SLE were identified (Table 1). Most

Abbreviations: AF, atrial fibrillation; CAD, coronary artery disease; CI, confidence intervals; CKD, chronic kidney disease; HF, heart failure; IHD, ischemic heart
disease; NHB, non-Hispanic Black; NHW, non-Hispanic White; RR, relative risk; SLE, systemic lupus erythematosus.
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<0.001
0.0032
<0.001
0.0678
<0.001
<0.001
0.005

Total
13135 (7.95)
49360 (29.86)
71640 (43.34)
4830 (2.92)
8465 (5.12)
34215 (20.70)
9015 (5.45)

2021
1825 (6.62)
8415 (30.53)

12080 (43.82)

950 (3.45)

1610 (5.84)
6430 (23.33)
1675 (6.08)

2020
1790 (6.97)
7855 (30.59)
11625 (45.28)
830 (3.23)
1565 (6.10)
5845 (22.77)
1510 (5.88)

2019
2395 (7.92)
9185 (30.38)
13530 (44.76)
810 (2.68)
1465 (4.85)
6190 (20.48)
1670 (5.52)

2018
2295 (8.00)
8580 (29.92)

12270 (42.79)

815 (2.84)
1400 (4.88)

5880 (20.51)

1580 (5.51)

2017
2410 (8.54)
8550 (30.28)
11995 (42.48)
750 (2.66)
1320 (4.68)
5460 (19.34)
1500 (5.31)

2016
2420 (9.71)
6775 (27.20)
10140 (40.71)
675 (2.71)
1105 (4.44)
4410 (17.70)
1080 (4.34)

| (Continued)
Family history of CAD
Chronic lung disease
CKD
Cancer
Liver disease
Obesity
Substance abuse

Abbreviations: CAD, coronary artery disease; CKD, chronid kidney disease; IHD, ischemic heart disease.

Note: Variables are expressed as n (%).

TABLE 1
Variables

patients were women (84.8%) and either 45-64years (38.4%)
or >65years (37.2%). Non-Hispanic White (NHW) patients ac-
counted for 48.2% of admissions, non-Hispanic Black (NHB)
34.7%, and Hispanics 12.0%. Over one-third (36.5%) came from
the lowest income quartile, and 58.2% were Medicare-insured.
Admissions clustered in large (55.3%), urban teaching hospitals
(77.4%), predominantly in the Southern region of the US (44.8%).
Hypertension (82.1%) and chronic kidney disease (43.3%) were
the leading comorbidities.

HF was the leading cause (24.8%), followed by CAD (14.2%),
hypertension (10.5%), stroke (10.2%), and AF (6.7%) (Figure 1).
Across strata, cardiovascular hospitalization rates rose steeply
with age; hypertension-related admissions, however, remained
relatively constant (~16-18 per 1000 all-cause SLE admissions).
NHB patients had more hypertension admissions than NHW
peers (23.6 vs. 19.0 per 1000). Most events occurred in large,
urban teaching hospitals in the South. Low-income individuals
(quartile 1) experienced the greatest absolute burden of cardio-
vascular admissions (Figures S1-S5).

Compared with 18-44years, patients >65years faced mark-
edly higher risks of HF (RR 2.46, 95% CI 2.32-2.60), CAD (RR
2.18, 1.99-2.39), AF (RR 3.34, 2.99-3.74), and stroke (RR 2.27,
2.01-2.56) (Table S1). Hypertension admissions were more com-
mon in younger patients (RR 0.47, 0.41-0.52 for >65years vs.
18-44years). Female sex conferred lower risks for CAD (RR
0.87, 0.81-0.93) and stroke (RR 0.88, 0.80-0.98) but did not sig-
nificantly affect AF (RR 1.11, 0.94-1.32). Furthermore, NHB pa-
tients were more likely to be hospitalized for hypertension (RR
1.47,1.34-1.61) and stroke (RR 1.17, 1.08-1.27) but less likely for
CAD (RR 0.88, 0.82-0.94) than NHW patients. Hispanics had
higher hypertension risk (RR 1.29, 1.16-1.45) yet lower stroke
risk (RR 0.88, 0.78-0.95). Compared with the lowest income
quartile, the highest quartile had lower risks of any cardiovas-
cular admission (RR 0.95, 0.92-0.98), hypertension (RR 0.91,
0.84-0.99), and CAD (RR 0.88, 0.78-0.98). Lastly, large hospitals
and urban teaching centers were independently associated with
more overall cardiovascular and stroke admissions.

In a study of 165290 cardiovascular hospitalizations among SLE
patients, HF emerged as the leading cause of hospitalizations,
followed by CAD and hypertension. Older age was significantly
associated with increased risks of HF, CAD, AF, and stroke
hospitalizations, while younger patients were more likely to be
hospitalized for hypertension. Females exhibited lower risks
for CAD and stroke but slightly higher AF hospitalization rates
compared to males. NHB and Hispanic patients faced higher
risks for hypertension hospitalizations but lower risks for CAD
compared to NHW.

Sex differences were notable, with female sex being linked to
a reduced risk of cardiovascular hospitalizations after multi-
variable adjustment. Supporting this, Mihailovic et al. and
Pons-Estel et al. identified male sex as a significant predictor of
CAD and myocardial infarction (MI) [7, 8]. Similarly, Urowitz
et al. reported that male sex was independently associated with
atherosclerotic events [9]. Racial disparities in cardiovascular
outcomes were prominent. Joyce et al. found higher cardiovas-
cular event prevalence among younger males, Hispanics, and
NHB individuals [10]. Garg et al. reported a sevenfold increase
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FIGURE1 | Proportion of major cardiovascular causes of hospitalizations among SLE hospitalizations.

in incident cardiovascular diseases among Black individuals
compared to non-Blacks in the Georgia Lupus Registry [11].
Barbhaiya et al. noted elevated cardiovascular disease risks
among Blacks, with Hispanics and Asians showing lower MI
risks but higher stroke risks, particularly hemorrhagic stroke
[12, 13]. In contrast, our study found lower total stroke hos-
pitalization risks among Hispanics, possibly due to the inclu-
sion of varied stroke types. Socioeconomic factors also played
a role. Bolla et al. observed lower cardiovascular risk factor
prevalence in middle-income countries but poorer risk factor
control compared to high-income countries [14]. Maynard
et al. linked low income to increased MI and stroke risks in
White SLE patients, though not in African Americans [15].
Our findings confirmed higher cardiovascular hospitalization
rates in lower-income groups, persisting after demographic ad-
justments. The limitations of our study include the absence of
data on SLE disease duration, disease activity indices, specific
medication use (including glucocorticoids, immunosuppres-
sants, and biologics), and relevant laboratory markers such as
complement levels or inflammatory biomarkers. These factors
are known to influence cardiovascular risk and hospitalization
patterns in SLE, and their omission may lead to residual con-
founding. Consequently, our findings should be interpreted as
descriptive of population-level patterns rather than definitive
causal associations, emphasizing the need for future studies
with clinically granular datasets to validate and extend these
observations.

In summary, HF drives cardiovascular hospitalizations in SLE,
with Black race, older age, and lower socioeconomic status as
key risk factors. These findings highlight the need for targeted
interventions to address differences and improve cardiovascular
outcomes in SLE patients.
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Dear Editor,

I read with great interest the article titled “Risk Factors for
Pneumocystis jirovecii Pneumonia in Rheumatoid Arthritis:
The Protective Potential of Salazosulfapyridine”, which investi-
gates the predictors of Pneumocystis jirovecii pneumonia (PCP)
in rheumatoid arthritis (RA) patients and the potential pro-
phylactic benefit of salazosulfapyridine (SASP) [1]. The study
addresses the clinically important but relatively underexplored
overlap between RA management and opportunistic infection
risk. The observation that SASP might serve a dual role—provid-
ing disease control and potentially reducing PCP incidence—is
indeed noteworthy. Nevertheless, a number of methodological,
mechanistic, and safety considerations merit closer scrutiny. By
grouping these points, I first address methodological concerns,
followed by mechanistic and safety considerations, and finally
conclude with a brief synthesis and future directions.

First, the retrospective single-center design inherently limits
causal inference. While the correlation between SASP use and
reduced PCP incidence is intriguing, causality cannot be conclu-
sively inferred from this retrospective design. This is an inherent
challenge of observational studies, which, despite robust statis-
tical adjustments, cannot fully eliminate residual confounding.
Observational designs are prone to unmeasured confounding
and selection bias, particularly when treatment allocation—in
this case, SASP prescription—is influenced by clinical judg-
ment. It is plausible that SASP was preferentially prescribed to
patients perceived to be at lower risk of infection, and residual
confounding may not have been fully mitigated despite the use
of propensity score matching [2]. Future studies could adjust for
factors like disease severity or comorbidities that may influence
both SASP prescription and PCP risk, thereby further reducing

residual confounding. Second, the small number of PCP events
(n=16) imposes substantial constraints on statistical precision.
Rare outcome events can lead to unstable effect estimates and
inflated odds ratios, increasing the risk of type I error. For ex-
ample, the wide 95% confidence interval for SASP's odds ratio
(0.00-0.81) underscores the high degree of uncertainty around
the protective effect. Third, the absence of a post hoc power
analysis further limits interpretability. A post hoc power anal-
ysis—performed after data collection—estimates the proba-
bility that the study could detect a true effect of a given size,
given the sample size and event rate. While such analyses have
their own limitations, they can help contextualize the reliability
of statistically significant findings in studies with rare events.
Fourth, potential heterogeneity between SASP users and non-
users—even after matching—may still exist. Propensity score
methods can only adjust for observed covariates; unmeasured
factors, such as prior infection history, functional status, or
clinician perception of pulmonary vulnerability, may still con-
found the observed association. In summary, these methodolog-
ical limitations collectively suggest that the observed association
between SASP and reduced PCP risk, while intriguing, should
be regarded as hypothesis-generating rather than confirmatory.
The authors’ proposed biological rationale for SASP's protec-
tive effect is biologically plausible. SASP is metabolized into
5-aminosalicylic acid (5-ASA) and sulfapyridine, compounds
with known anti-inflammatory and potential antimicrobial ac-
tivity. 5-ASA may attenuate inflammatory cytokines implicated
in PCP pathogenesis, while sulfapyridine could theoretically
inhibit dihydropteroate synthase (DHPS), an enzyme essential
for P. jirovecii growth [3, 4]. However, the present study does
not provide direct mechanistic evidence to support these hy-
potheses. Specifically, no immunological profiling, cytokine
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measurements, or microbiological assays were performed to
validate these pathways in vivo. The DHPS-inhibition hypoth-
esis, although mechanistically appealing, remains speculative
in the absence of experimental confirmation in RA populations.
Future work might incorporate in vitro susceptibility testing
of P. jirovecii to sulfapyridine, or assess immunomodulatory
markers in SASP-treated patients. Additionally, the diagnostic
criteria for PCP in the present study, while consistent with real-
world practice, could allow for some degree of misclassification.
The reliance on -D-glucan and PCR results, though combined
with clinical and radiological findings, carries a known risk of
false positives and cannot always distinguish colonization from
active infection. A stricter diagnostic algorithm or reporting
of diagnostic concordance rates would strengthen confidence
in the outcome definition. Safety is another key consideration.
While the authors correctly highlight the adverse effect profile
of trimethoprim-sulfamethoxazole (TMP/SMX), SASP itself is
not without potential toxicity. Hepatotoxicity, neutropenia, gas-
trointestinal intolerance, and rare but severe hypersensitivity re-
actions are all recognized adverse effects [5]. The current study
does not provide comparative safety data for SASP versus TMP/
SMX, nor does it report SASP-related adverse events within
the cohort. Without these data, it is premature to conclude that
SASP is a safer alternative for PCP prophylaxis in high-risk RA
patients [6]. Given SASP's known adverse effects (e.g., hepa-
totoxicity, neutropenia), future studies should provide a more
comprehensive safety profile, especially for RA patients.

In summary, the study contributes valuable observational evi-
dence affirming interstitial pneumonia as a major risk factor for
PCP in RA and raising the possibility that SASP use may confer
a protective effect. The dual potential of SASP—as a disease-
modifying antirheumatic drug and as a prophylactic agent
against PCP—is conceptually attractive, particularly for patients
intolerant to TMP/SMX. However, the retrospective design,
small number of events, potential for unmeasured confound-
ing, absence of mechanistic validation, and lack of safety data
together warrant cautious interpretation of the findings. Future
research should prioritize prospective, adequately powered,
multi-center randomized controlled trials to confirm SASP’s
protective effect, alongside mechanistic studies elucidating its
immunomodulatory and antimicrobial actions. Long-term ob-
servational studies assessing both efficacy and safety, as well
as qualitative work exploring clinical decision-making around
SASP initiation, could further define its place in RA manage-
ment. Until such data are available, integrating SASP into rou-
tine prophylactic strategies for PCP should remain a hypothesis
rather than a recommendation. While the results are intriguing,
the clinical implications—especially the use of SASP as a pro-
phylactic agent—should be considered in light of further valida-
tion through RCTs and long-term safety studies.

Author Contributions

Since there is one author, the writing, design, idea, review are all made
by me.

Conflicts of Interest

The author declares no conflicts of interest.

Data Availability Statement

The data that support the findings of this study are available on request
from the corresponding author. The data are not publicly available due
to privacy or ethical restrictions.

Selin Cilli Hayiroglu

References

1.Y. Hara, T. Nii, T. Matsuki, et al., “Risk Factors for Pneumocystis
Jirovecii Pneumonia in Rheumatoid Arthritis: The Protective Potential
of Salazosulfapyridine,” International Journal of Rheumatic Diseases 28
(2025): €70318.

2.S. Mori and M. Sugimoto, “Pneumocystis Jirovecii Pneumonia
in Rheumatoid Arthritis Patients: Risks and Prophylaxis
Recommendations,” Clinical Medicine Insights. Circulatory, Respiratory
and Pulmonary Medicine 9 (2015): 29-40.

3. G. L. Plosker and K. F. Croom, “Sulfasalazine: A Review of Its Use in
the Management of Rheumatoid Arthritis,” Drugs 65 (2005): 1825-1849.

4. H. Tokuda, F. Sakai, H. Yamada, et al., “Clinical and Radiological
Features of Pneumocystis Pneumonia in Patients With Rheumatoid
Arthritis, in Comparison With Methotrexate Pneumonitis and
Pneumocystis Pneumonia in Acquired Immunodeficiency Syndrome:
A Multicenter Study,” Internal Medicine 47 (2008): 915-923.

5. H. Jick, “Adverse Reactions to Trimethoprim-Sulfamethoxazole in
Hospitalized Patients,” Reviews of Infectious Diseases 4 (1982): 426-428.

6. K. Mizushina, A. Hirata, N. Hayashi, et al., “Possible Preventive
Effect of Salazosulfapyridine Against Development of Pneumocystis
Pneumonia in Methotrexate-Receiving Patients With Rheumatoid
Arthritis,” Modern Rheumatology 26 (2016): 976-978.

20f 2

International Journal of Rheumatic Diseases, 2025



International Journal of Rheumatic Diseases WI LEY

International Journal of

Rheumatic Diseases

| oRrRIGINAL ARTICLE

Musculoskeletal Ultrasound Assessment Changes
Management Decisions in Rheumatoid Arthritis Patients
With Moderate Disease Activity

Helena Crawshaw! | Laura Rubio-Cirilo? | Hilary Johnson® | Safwan Jamal' | Sarah Hickey!' | Jessica Gunn® | Iman Ali! |
Gill Coombes! | Carlos Acebes!

'Rheumatology Department, Gloucestershire Hospitals NHS Foundation Trust, Gloucester, UK | 2Preventive Medicine, Vithas Group Hospitals,
Madrid, Spain

Correspondence: Carlos Acebes (jcarlosacebes@gmail.com)
Received: 4 March 2025 | Revised: 17 May 2025 | Accepted: 12 September 2025
Funding: The authors received no specific funding for this work.

Keywords: DAS-28 score | disease activity | MSUS | musculoskeletal ultrasound | power doppler | rheumatoid arthritis | synovitis | ultrasonography

ABSTRACT

Background: Musculoskeletal ultrasound (MSUS) provides valuable information about disease activity and anatomical damage
in rheumatoid arthritis (RA); therefore, in combination with clinical assessment, it may be a useful tool in clinical decision-
making with treatment.

Objectives: (1) To evaluate the impact of MSUS assessment on treatment decisions in patients with moderately active RA re-
ceiving conventional synthetic disease-modifying antirheumatic drugs (csDMARDsS). (2) To determine the level of concordance
between MSUS assessment and DAS28 in these patients.

Methods: RA patients with a DAS-28 ranging from 3.22-5.1, inadequate response to csDMARDSs, and indication for escalating
treatment were enrolled. All patients underwent an ultrasound (US) examination (B and PD modes) of the bilateral 5-joint count
(5USJC), the symptomatic joints of the DAS-28 score (28USJC), and of a comprehensive 78-joint count (78USJC). A Likert scale
(pre- and post-MSUS) was used to assess patients’ and clinicians’ desires to escalate treatment. The outcome of the treatment
decision based on US assessment was reviewed at 24 months' follow-up.

Results: Among the 27 patients included, the mean (SD) DAS-28 score was 4.4 (0.7). Following US assessment, there was a
change in the decision to escalate treatment in 18 patients (66.7%), and at a median follow-up of 24 months, only in 5 of the 18
patients had the treatment had been escalated. Treatment escalation was associated with a higher US score across all assess-
ments (SUSJC, 28USJC, 78USJC) (p<0.05). The 78USJC was the most reliably aligned with the treatment decision (p =0.009).
A comparison of the US and clinical assessment revealed poor concordance between all variables of the DAS-28 and US scores,
except for the swollen joint count.

Conclusion: The addition of MSUS assessment to the DAS-28 score affected management decisions in 66.7% of patients.

1 | Introduction life. Compared to the general population, RA is associated with
varying degrees of disability and increased mortality rates [1].
Rheumatoid arthritis (RA) is a chronic inflammatory immune- Over the past two decades, significant advances have been made

mediated disease that significantly impacts patients' quality of =~ in treating RA with injectable biological disease-modifying
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Summary

« The addition of musculoskeletal ultrasound to the
clinical assessment has impacted the clinical decision-
making process in 66.7% of cases.

« This study revealed a poor correlation between the
clinical assessment of disease activity via the DAS-28
score and the MSUS assessment in all domains, except
for the swollen joint score.

antirheumatic drugs (bDMARDs) and oral targeted synthetic
DMARD:s (tsDMARDs), leading to improvements in both clin-
ical and functional outcomes [2]. After reviewing the scientific
evidence from clinical trials, national health authorities and
international rheumatology societies have proposed clinical
guidelines and recommendations for the use of these new ther-
apies based on cost-effectiveness criteria [2-5]. Recently, in the
United Kingdom, a series of National Institute for Health and
Care Excellence (NICE) technology appraisals in 2021 approved
the use of both biologic agents and JAK inhibitors for moder-
ate RA, as defined as a DAS-28 score between 3.2 and 5.1 [6].
Previously reserved only for patients with severe disease, this
has greatly improved access for RA patients. However, these
therapies are not risk-free and are significantly costlier than
conventional disease-modifying therapies; therefore, appropri-
ate patient selection is necessary.

Treatment decisions for RA management rely on composite dis-
ease activity indices, such as DAS-28 [7]. However, this score
is not without pitfalls, given the two subjective domains: visual
analogue score (VAS) and tender joint count. Fibromyalgia,
chronic pain syndrome, or established joint damage can lead to
higher DAS-28 scores that are not necessarily correlated with
evidence of active inflammation [8, 9]. This raises the possibil-
ity of exposing patients without active synovitis to the potential
side effects of these medications, without the associated bene-
fits provided to those with active inflammatory disease. In an
economically constrained system, the pragmatic use of real-
time MSUS to assess whether a moderate disease activity score
is driven primarily by synovitis could be used to appropriately
focus resources.

Previous publications [10, 11] have shown that the only DAS-
28 components that independently predict objective measures of
inflammation with either MRI or ultrasound-detected synovitis
are the swollen joint count and the CRP/ESR. A modified DAS-
28 formula, which excludes tender joint count and patient global
VAS score, is more strongly associated with imaging-detected
inflammation in RA patients [12].

In the last decade, there has been increasing interest in the ap-
plication of MSUS in clinical rheumatology. MSUS enables the
direct visualization of pathological features in joints affected by
RA, such as synovial thickening and vascularity, with high sen-
sitivity, specificity, and reproducibility. It also provides valuable
information about disease activity, anatomical damage, and re-
sponse to therapy with high sensitivity compared with clinical
assessment alone; thus, it may potentially be a useful and objec-
tive tool in clinical decision-making. Some observations suggest

that the presence of power Doppler (PD) ultrasound synovitis
is highly predictive of an increased frequency of RA flares and
damage progression, whereas patients with no signs of US syno-
vitis in PD mode should be treated less aggressively [13, 14]. In
addition, some studies have shown that the use of MSUS assess-
ment combined with standard rheumatology assessment can
optimize treatment escalation/de-escalation in patients with RA
[15, 16].

In RA, shared decision-making between the patient and
physician is encouraged; however, there can be discordance
between the patient's and physician's assessments of disease
activity. The primary objective of this study was to assess the
impact of MSUS assessment on clinical decision-making from
the perspective of both patients and clinicians when deter-
mining the appropriateness of escalating csDMARDs treat-
ment to anti-TNF-o or JAK inhibitors following either clinical
or ultrasound assessment. The secondary objectives were to
assess the correlation between the clinical assessment of RA
disease activity via a routine DAS-28 score and the US score
of target joints affected in RA and to assess the concordance
between the US score and the different components of the
DAS-28 score.

2 | Methods
2.1 | Patients

Consecutive patients diagnosed with RA with moderate dis-
ease activity (DAS-28 > 3.2) who had responded inadequately
to therapy with two or more csDMARDs and, therefore, with
an indication to escalate therapy to bsDMARDs or tsDMARDs
were enrolled in the study. All patients were aged 18years or
older and fulfilled the 2010 American College of Rheumatology
(ACR)/European League Against Rheumatism (EULAR) cri-
teria. Patients diagnosed with fibromyalgia or those unable to
undergo clinical evaluation were excluded from the study. The
study was conducted from September 2022 to January 2023, and
patients were recruited under routine daily practice conditions
as a representative sample of the cohort of RA patients attending
rheumatology outpatient clinics.

2.2 | Data Collection

The following variables were recorded for all patients: demo-
graphics (age and sex), RA duration from the time of diagnosis,
current treatment (csSDMARDs, steroids, and NSAIDs), rheuma-
toid factor (RF) and anti-cyclic citrullinated peptide (ACPA) an-
tibodies, C-reactive protein (CRP) levels, visual analogue scale
patients’ and rheumatologists’ global evaluation of disease activ-
ity in the past 2weeks, DAS 28 scores, SDAI, and CDAI scores.

The patients and their referring consultants completed a Likert
scale (0-4), before and after the US examination, grading the
willingness to escalate the csDMARDs to bsDMARDSs or tsD-
MARDs. The sonographer issued a report with the results of the
US assessment for the three US scores, which was sent to the
referring consultant. With this information and the clinical as-
sessment, the decision to escalate or not escalate the treatment
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was made after reaching an agreement between both the refer-
ring consultants and the patients, who were classified into two
groups: those with the decision to escalate treatment and those
with the decision not to escalate. At an average follow-up of
24 months, the records of patients were reviewed to determine if
the initial decision to escalate or not escalate treatment had been
subsequently revised.

2.3 | MSUS Assessment

All patients underwent a US examination on the same day
as the DAS-28 clinical assessment, which was performed
by the same sonographer with more than 15years of expe-
rience in US. The US examination was performed using a
real-time scanner (LOGIQ e, GE Healthcare, Milwaukee, W1,
USA) equipped with two multifrequency linear transducers
(12L-RS, 5-12MHz and L10-12RS, 10-22MHz). Synovitis
and tenosynovitis were assessed in grayscale (B) and power
Doppler (PD) modes using a semiquantitative scale from 0 to
3 according to the OMERACT proposed scoring system [17].
The presence of erosions in wrist, second and third MCP and
PIP joints was recorded as ‘positive’ if noted during scanning.
The scanning method was performed following the standard-
ized procedures proposed by EULAR [18] and all US findings
were described following the OMERACT US definitions for
synovitis, tenosynovitis, and erosions [19]. All patients un-
derwent a US examination of the 5-joint count, including
the wrist (dorsal and ulnar approach), and the second and
third MCP and PIP joints bilaterally. The tendons evaluated
during the reduced 5-joint US exam included the second to
fifth dorsal tendinous compartments (extensor radialis lon-
gus and brevis, extensor pollicis longus, common extensors
and extensor digiti minimi), the extensor ulnaris tendon, and
the flexor digitorum profundus and superficialis of the sec-
ond and third fingers bilaterally. The US examination was
extended to include the additional symptomatic joints found
during the DAS 28-joint score and a comprehensive 78-joint
count. The sonographer was blinded to the clinical assessment
when performing the reduced 5-joint count but was directed
to the patient's symptomatic joints for the 28 and 78-joint
count. Two different US scores were calculated: the total score
(B+ PD modes) for the 5-joint count (0-60), the symptomatic
joints for the 28-joint count (0-168), and the 78-joint count
(0-468), and the EULAR/OMERACT US score (B + PD mode)
for the 5-joint count (0-30), the symptomatic joints for the 28-
joint count (0-84), and the 78-joint count (0-234). If the pa-
tients were currently being treated with oral prednisolone or
NSAIDs, they were asked to miss the morning dose before the
US examination.

2.4 | Ethics Statement

All participants provided written informed consent for inclusion
before participating in the study. The study was conducted in
accordance with the Declaration of Helsinki, and the protocol
was approved by the Ethics Committee of the Gloucestershire
NHS Foundation Trust Local Research Ethics Committee
(Local Project Reference No: 22/042/GHT). The study was
performed in accordance with the ethical standards of the

responsible committee on human experimentation and the
Helsinki Declaration of 1975, revised in 1983.

2.5 | Data Management and Analysis

Statistical analysis was performed using the SPSS software
(version 17). The results of the descriptive analyses are pre-
sented as frequencies and percentages for qualitative vari-
ables and as median or mean values for continuous variables.
Between-group comparisons were made using the chi-square
test or Fisher's exact test to analyze differences between
proportions. Student's t-test was used for comparisons be-
tween means.

Pearson's correlation coefficient was used to assess the linear
relationship between continuous variables, whereas Spearman's
rank correlation was used to examine the association between
variables that may not follow a linear trend. Univariate and
multivariate logistic regression models were used to investigate
the factors associated with changes in clinical management. All
statistical tests were 2-sided; P values <0.05 were considered to
indicate a statistically significant result.

3 | Results

Twenty-nine patients with RA who met the inclusion criteria
were referred from the rheumatology outpatient clinics and
recruited for the study. However, two of them were unable to
complete the study follow-up and were excluded. The 27 patients
included in the study had a baseline DAS 28-score assessment
consistent with moderate disease activity and were consider-
ing escalation of their treatment in accordance with the NICE
criteria.

The demographic, clinical, and laboratory data are presented in
Table 1. The baseline csDMARD treatment was as follows: 14
patients on methotrexate, 2 patients on sulfasalazine, 1 patient
on hydroxychloroquine, and 3 patients on leflunomide. Seven
patients were receiving combination therapy with two csD-
MARDs. All patients were treated with at least 2 csDMARDs
prior to considering treatment escalation.

The means (SDs) of the Likert scales evaluating the willingness
to escalate treatment prior to and following the US examination
are shown in Table 2. There was a significant reduction in the
Likert scale score before and after the US assessment for the pa-
tient, but there was no notable change in the referring consul-
tant score.

Among the 27 patients included, following US assessment, there
was a change in the decision to escalate treatment in 18 patients
(66.7%), and this decision was maintained in 13 patients (72.2%)
over an average of 24 months of follow-up.

Comparing the 2 groups of patients, a higher swollen joint count
(SJC) and higher DAS-28 score were correlated with treat-
ment escalation, whereas a longer disease duration was associ-
ated with a lower likelihood of treatment escalation (p <0.05)
(Table 1).

30f 8



TABLE1 | Demographic and clinical characteristics of rheumatoid arthritis patients.

NO ESCALATE

TREATMENT ESCALATE TREATMENT
Parameter Total N=27 N=18(66.7%) N=9 (33.3%) P
Age (years) 56.1+12.5 56.72+10.66 54.89+16.23 0.727
Sex (female) 18 (66.7%) 11 (61%) 7(77.8%) 0.386
Time since diagnosis (months) 87.8+24.49 134.71+145.48 42.33+42.8 0.025
Anti CCP+ 17 (63%) 8 (61.1%) 9 (66.7%) 0.778
Rheumatoid factor+ 16 (59.3%) 9 (50%) 7 (77.8%) 0.166
Researcher tender joint count 8.7+5.2 794x1.2 10.11+4.59 0.317
Researcher swollen joint count 3.04+2.2 2.0+1.74 511+1.36 0.001
Patient global assessment score 6.2+2.1 6.22+2.36 5.89+1.45 0.703
Physician global assessment 49=+1.9 4.72x1.77 5.33+£2.06 0.431
score
CRP 8.7+8.3 9.67+9.06 6.67+6.55 0.387
HAQ score 1.1+0.6 1.14+0.65 1.13+0.69 0.988
Researcher DAS 28 PCR 4.4+0.7 4.24+0.72 4.74+£0.48 0.041
SDAI 23.5+7.04 22.06+7.71 26.44+4.5 0.130
CDAI 229+7.6 20.89+8.11 26.89+4.85 0.053

Note: Bold values indicate statistically significant values p <0.05.

TABLE 2 | Liker scales evaluating the desire to escalate the
treatment prior to and following the US examination.

Liker score Liker score

However, treatment decisions in RA patients still rely on com-
posite clinical disease activity scores, which have significant
limitations [20]. A potential pitfall of the widely employed
used DAS-28 is that the more subjective parameter of the

(pre-US) (post-US) P tender joint count has a greater weight on the overall score
Referring 3.62+0.9 3.05+1.5 0.137 than the more objective swollen joint count. This is because
consultant the DAS28 formula dictates the square root of the tender joint
count multiplied by 0.56, whereas the swollen joint count is

Patient 3.85+0.9 33011 0.013

Note: Bold values indicate statistically significant values p <0.05.

In terms of US assessment, treatment escalation was associated
with a higher US score across all assessments (5 USJC, 28 USJC,
78 USJC, and EOUS) (p <0.05). There were no differences be-
tween the two groups in terms of the tenosynovitis US score or
presence of erosions in the US assessment (Table 3). Across the
different US assessments (univariate analysis OR > 1) (Table 4),
the 78 USJC was the most reliably aligned with the escalation
treatment decision (multivariate logistic regression analysis,
p=0.009) (Table 5).

When the clinical DAS-28 and US scores were compared, there
was no concordance between the different variables, apart from
the swollen joint count.

4 | Discussion
Treat-to-target strategies (T2T) have been shown to be more

effective than usual care in improving outcomes in RA man-
agement at no additional cost (NICE Guideline NG 100).

multiplied by 0.28 [8]. Moreover, patients with certain comor-
bidities, particularly fibromyalgia or central pain sensitization
syndromes, may have high scores that do not accurately re-
flect active synovitis [21, 22]. We decided to exclude from our
research those patients with a established diagnosis of fibro-
myalgia to ensure the homogeneity of our study cohort and
avoid potential bias.

It has been widely demonstrated that MSUS has greater sen-
sitivity than physical examination in detecting synovitis in
RA, and combining clinical examination with US assessment
would improve therapeutic decisions as part of a T2T strat-
egy [23]. Our study revealed that the addition of the MSUS
assessment to the DAS-28 score influenced the shared refer-
ring consultant/patient decision regarding treatment escala-
tion in 18 of the 27 (66.7%) patients of our RA cohort, and this
outcome was maintained in 13 (72.2%) patients in a 24-month
follow-up. Although we reviewed the outcomes of the treat-
ment decisions in the 27 patients, our primary focus was to
emphasize the accuracy of the decision of not escalating treat-
ment primarily based on the US assessment. We consider that
these decisions appeared to be correct as a high percentage
of them maintained the decision of not escalating after a 24-
month follow-up. Therefore, these results suggest that the use
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TABLE 3 | US scores of patients: Differences between decision escalate-no escalate treatment.

Decision of NO ESCALATE Decision of ESCALATE
US Scores Total N=27 Treatment N=18 (66.7%) Treatment N=9 (33.3%) P
5-joint total US score 7.7+5.3 594+548 11.22+2.48 0.011
5-joint B mode US score 5.8+3.8 4.78+£4.14 8.0£1.5 0.007
5-joint PD mode US score 1.8+2.2 1.17+£1.46 3.22+2.81 0.067
5-joint tenosynovitis score 0.6+0.8 0.39+0.6 1.0+1.0 0.059
US total extended to 28-joint score 10.4+7.6 8.06+7.54 15.11+5.27 0.019
US B mode extended to 28-joint 8.1+5.7 6.83+6.10 10.56+4.00 0.111
score
US PD mode extended to 28-joint 19+2.6 1.22+1.62 3.22+3.66 0.151
score
US total extended to 78-joint score 12.1+8.9 8.44+8.0 19.33£5.91 0.001
US B mode extended to 78-joint 9.8+6.8 7.17+6.54 15.11+3.48 0.002
score
US PD mode extended to 78-joint 2327 1.28 £1.63 4.22+3.56 0.041
score
EULAR-OMERACT 5-joint US 5.8+3.5 4.67+3.74 8.0+1.22 0.002
score
EULAR-OMERACT extended to 8.2+5.6 6.67+5.93 11.33+3.20 0.038
28-joint score
EULAR-OMERACT extended to 9.2+6.5 7.0+ 6.44 13.56 £4.39 0.011
78-joint score
Erosions 14 (52%) 8 (44.4%) 6 (66.7%) 0.276

Note: Bold values indicate statistically significant values p <0.05.

of the DAS-28 score in isolation appears to overestimate the
degree of active inflammation compared to objective synovitis
demonstrated on MSUS.

In routine practice, an increasing number of rheumatologists
are either in favor of, or already using, MSUS as part of the ex-
tended clinical evaluation in RA, although its impact on the
outcome of treatment decision-making still needs to be defined.
A few studies have suggested that the addition of an MSUS as-
sessment may have a favorable impact on treatment decisions
and improve clinical outcomes [23, 24]. In contrast, two relevant
RCTs, TaSER [25] and ARTIC [26], suggested that a treatment
strategy based on MSUS assessment did not lead to an improved
clinical outcome compared with a conventional T2T approach,
suggesting that the systematic use of MSUS in the follow-up of
RA patients would not be justified.

Our results suggest that the information gained from MSUS as-
sessment may affect the management of patients with RA. This
is consistent with other studies, including Diaz-Torné et al., who
reported that in 32% of their RA cohort of 78 patients, there was
a change in the treatment decision to escalate or deescalate the
treatment after the US assessment, and this change in decision
was more frequent in patients with low or moderate disease
activity according to the DAS-28 score than in those with high
disease activity or in remission [27]. Ceponis et al. analyzed
the overall likelihood of change in the management of patients

with RA after an MSUS assessment using a quantitative Likert
scale, like our research. This study revealed that the physicians’
intended treatment plan changed in 16 of 46 patients after the
ultrasound report was available, which is in accordance with
the results of the present study [28]. Sifuentes-Cantu et al. also
assessed the impact of adding the MSUS information to treat-
ment decisions in their cohort of RA outpatients and reported
that it resulted in a change in management in 34 of 170 clinical
scenarios (20%) [29].

As some investigations have shown that MSUS scores are better
predictors of joint damage than DAS-28 scores, some authors
have proposed composite scores that combine clinical, biologi-
cal, and MSUS parameters [30]. Damajow et al. investigated the
validity and reliability of an MSUS disease activity score com-
pared with the DAS-28 in predicting damage as determined by
MRI in a subgroup of patients. They reported that the MSUS
score was better able to identify patients who would experience
structural damage progression than the DAS-28 score, support-
ing its use in clinical assessments [31].

In agreement with previous publications [32], we did not find
a correlation between the DAS-28 score and the different US
scores, except for the SJC, which showed a statistically signif-
icant correlation. Coras et al. [30] analyzed the correlation be-
tween the DAS-28 score and its ultrasonographic equivalent in
patients with RA and, as observed in our study, reported only
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TABLE 4 | Univariate analysis of the variables showing statistically
significant differences between groups: Escalate-no escalate treatment.

Variable Odds ratio IC (95%) P
Time since diagnosis 0.98 0.97-1.03  0.122
(months)

Referring consultant 3.89 0.83-18.13 0.084
DAS-28 PCR

Referring consultant 2.98 1.34-6.62  0.007
swollen joint count

5-joint total US 1.25 1.03-1.54  0.026
score

5-joint B mode US score 1.29 1.00-1.68  0.050
US total extended to 1.15 1.01-1.34  0.034
28-joint score

US total extended to 1.18 1.04-1.35 0.009
78-joint score

US B mode extended to 1.24 1.05-1.46  0.012
78-joint score

US PD mode extended to 1.59 1.05-2.43  0.029
78-joint score

EULAR-OMERACT 1.40 1.03-1.91  0.032
5-joint US score

EULAR-OMERACT 1.18 0.99-1.39  0.055
extended to 28-joint score

EULAR-OMERACT 1.19 1.02-1.39  0.025

extended to 78-joint score

Note: Bold values indicate statistically significant values P <0.05.

TABLE 5 | Multivariate logistic regression analysis of the 3 variables
with highest statistically significance from the univariate analysis.

Variables Odds ratio IC (95%) P
5-joint total US score 0.74 0.42-1.29  0.294
US total extended to 1.56 0.79-3.06  0.198
28-joint count score

US total extended to 0.84 0.74-0.95 0.009

78-joint count score

Note: Bold values indicate statistically significant values P <0.05.

moderate agreement between the SJC and the US score, but no
agreement between the TJC joints and synovitis detected by US.
Moreover, they reported no significant difference between the
DAS-28 and the US score and found that the DAS-28 score was
significantly higher than the US score in patients with high dis-
ease activity (DAS-28 score >5.1). They proposed a composite
score that should include US parameters combined with clinical
and biological data for a better assessment of RA disease activ-
ity. However, in our study, a higher DAS-28 score was correlated
with treatment escalation (p <0.05), which was likely driven by
the SJIC, but not by the TJC, and the SJC was also correlated with
the decision to escalate treatment.

Our pilot study was designed in real clinical settings to ex-
plore the potential usefulness of routine MSUS to accurately
select, for our cohort of RA patients with moderate disease
activity, those amenable to treatment escalation. We used the
validated semiquantitative scoring methods widely published
for grading synovitis, tenosynovitis, and erosions [33]. For fea-
sibility, we decided to perform a reduced 5-joint US count, a
modification of the validated German 7-joint count [34]. This
simplified bilateral 5-joint US score has demonstrated useful-
ness in clinical practice [35]; however, when additional joints
are examined, we can detect inflammation that is not cap-
tured by the simplified US scores. For this reason, we decided
to extend the examination to include all symptomatic joints
of the 28-joint count and of a comprehensive 78-joint count
to avoid missing the evaluation of other tender or swollen
joints. Moreover, this method allowed us to compare the DAS-
28 clinical score with three MSUS scores. As expected, the
78sUSJC, which included the simplified bilateral 5-joint US
score plus the ultrasound assessment of all symptomatic joints
with a comprehensive 78-joint count, was the most reliably
aligned with the escalation treatment decision (p =0.009).

Our study has several limitations. First, given the small sample
size, we cannot ensure that our results can be extrapolated to all
RA patients. However, although we included only 27 patients
in the study, we detected a statistically significant difference
in the desire to escalate treatment between the 2 main groups.
The duration of patient recruitment (4 months) was short, since
this research was planned as a pilot study for future clinical in-
vestigations in our cohort of patients with RA. Second, we did
not undertake a cost-effectiveness analysis to assess whether
the time and resources spent on the MSUS assessments are
worth the financial savings by not escalating the treatment to
bs/tsDMARDS. In our opinion, a few questions still need to be
answered before MSUS can be routinely used as the basis of
decisions regarding escalating treatment in patients with RA.
These include establishing the most feasible MSUS standard-
ized protocol for examination, how to interpret the data when
there is a discrepancy between the clinical and US assessments,
and the cost effectiveness of the routine use of MSUS in clinical
practice. We believe that our study contributes modestly to es-
tablishing the impact of MSUS in the management of RA in real
clinical settings.

5 | Conclusion

The findings of this study support the use of MSUS in the as-
sessment of patients with moderately active RA as a useful
tool for determining the need to escalate or not escalate treat-
ment to biologic or targeted synthetic therapy. Larger-scale
longitudinal studies may lead to more significant results and
a better understanding of long-term outcomes following treat-
ment decisions.
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Dear Editor,

Ankylosing spondylitis (AS) is an inflammatory disorder that,
in its severe form, can cause the fusion of vertebral joints [1]. Its
atypical symptoms often lead to missed or misdiagnosed cases,
and its poor prognosis imposes significant social and economic
burdens, necessitating attention.

Chronic kidney disease (CKD) has emerged as a leading cause of
death and suffering in the 21st century, affecting an estimated
843.6 million people worldwide in 2017 due to escalating risk
factors such as obesity and diabetes mellitus [2]. While mortal-
ity rates have decreased in end-stage kidney disease (ESKD) pa-
tients, CKD remains a major global cause of mortality. Therefore,
it is crucial to identify, monitor, and treat CKD, implementing
preventative and therapeutic measures globally. Observational
studies have shown a connection between AS and CKD, indicat-
ing increased rates of renal complications in AS patients [3, 4].
However, no studies have investigated the causal relationship
between AS and CKD. This study is the first to explore this rela-
tionship using Mendelian randomization.

MR is a novel analytical approach that can assess causality be-
tween exposures and outcomes without interference from con-
founders. This study is the first to explore this relationship using

MR. We extracted summary-level statistics from large-scale
genome-wide association studies (GWAS) (Table 1) by utiliz-
ing single nucleotide polymorphisms (SNPs) with significance
(p<5%107%). To ensure independence, SNPs were restricted
based on limited linkage disequilibrium (LD, ?<0.001, 1Mb).
In the end, we selected 21 SNPs as our final genetic instru-
ments (IVs).

We used the inverse variance weighted (IVW), weighted me-
dian, weighted mode, and MR-Egger methods to investigate
causal associations. Additionally, we conducted sensitivity anal-
yses, including Cochran's Q, to estimate potential horizontal
pleiotropy. These sensitivity analyses aimed to ensure the reli-
ability of the MR results, as violations of MR assumptions are
often attributed to horizontal pleiotropy. Ultimately, the MR es-
timates revealed higher risks of CKD in AS patients compared to
the general population [odds ratio (OR,, ): 1.19, 95% confidence
interval (CI) 1.04-1.36], p=0.01. Meanwhile, the Q statistics
(Q=16.6, p=0.68) validated the IVW results and indicated no
significant heterogeneity. Furthermore, leave-one-out sensitiv-
ity analysis for AS on CKD is respectively shown in Figure 1.

The inflammatory response is a common and important patho-
genic mechanism in both ASand CKD. AS isan immunologically

Abbreviations: AS, Ankylosing spondylitis; CI, confidence interval; CKD, chronic kidney disease; GWAS, genome-wide association studies; I'Vs, genetic instruments;
IVW, Inverse variance weighted; LD, linkage disequilibrium; MR, Mendelian randomization; OR, odds ratio; SNPs, single nucleotide polymorphisms.
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Details of GWASs analyzed in the present MR analyses.

TABLE 1

Number of

Number of

Number

Trait ID in GWAS

Year Pubmed ID

of cases controls Sample size variants Ethnicity

First author

Phenotype

Exposure

ebi-a-GCST005529

23749187

2013

9069 1550 22647 99962 European

Cortes A

AS

Outcomes

ebi-a-GCST003374

2016 26831199

12385 104780 117165 2179497 European

Pattaro C

CKD

Abbreviations: AS, Ankylosing spondylitis; CKD, chronic kidney disease; MR, Mendelian Randomization; SNPs, single nucleotide polymorphisms.

mediated chronic inflammatory disease [5], while chronic, low-
grade inflammation is a critical component of CKD, contribut-
ing in part to cardiovascular and all-cause mortality [6]. CKD
patients often experience systemic inflammatory responses,
and the progression of CKD is closely associated with systemic
inflammation and oxidative stress, responsible for numerous
complications such as malnutrition, atherosclerosis, coronary
artery calcification, heart failure, anemia, mineral and bone
disorders, as well as increased cardiovascular mortality [7-9].
Inflammation and oxidative stress are inseparable elements that
promote kidney fibrosis and loss of function, potentially lead-
ing to kidney damage and the occurrence and progression of
CKD [6].

AS is considered an immune-mediated disease, and a dysreg-
ulated immune system can have direct or indirect effects on
the kidneys, leading to a broad spectrum of renal diseases.
The loss of immune homeostasis in renal disease results in
continual recruitment of immune cells and worsening kid-
ney damage [10, 11]. Deposition of immune complexes in the
glomerulus is a pathological characteristic of CKD, and auto-
immune responses can cause glomerulonephritis, tubuloint-
erstitial inflammation, and other conditions, contributing to
the development of CKD [12].

Chronic pain and stress are common pathogenic mechanisms
shared by AS and CKD. AS primarily affects the spine joints, and
in advanced cases, it can lead to spine fusion and severe, chronic
pain. AS patients often experience long-term chronic pain and
limited mobility, which can contribute to a state of chronic stress
[13, 14]. Moreover, studies have shown that chronic stress is asso-
ciated with the onset and progression of CKD [15]. CKD patients
exhibit impaired physiological defense mechanisms, resulting in
elevated levels of oxidative stress, which is a non-traditional risk
factor for overall mortality. Interestingly, high levels of oxidative
stress have been detected even in the early stages of CKD [16].

Above all, intensive attention should be given to protecting
AS patients from CKD and promoting individual protections.
Future research is needed to confirm causality and uncover po-
tential mechanisms.

Yours sincerely,
All Authors.
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Dear Editor,

We read with great interest a case report and literature review
titled “Who is the Convict: COVID-19 or Corticosteroid? Late-
onset avascular necrosis of the hips following COVID-19”
reported by Nejadhosseinian et al. [1]. This case report and re-
view evaluate the development of late-onset avascular necrosis
20months following COVID-19 infection in an adult patient re-
ceiving steroid treatment. In this article, the authors concluded
that ischemic necrosis of the femoral head could be caused by
COVID-19 infection or steroid use. In contrast to steroid-related
avascular necrosis, we present an adolescent boy with bilateral
avascular necrosis or osteonecrosis after recurrent COVID-19
infection, who was previously diagnosed with severe factor (F)
X1 deficiency and successfully treated with iloprost to postpone
surgery. The 15-year-old child was referred to the orthopedic
department after complaining of severe back and hip pain and
limping for a year. Pelvic magnetic resonance imaging (MRI)
revealed bilateral osteonecrosis in the femoral heads (Figure 1).
Because of the patient's young age and the risk of bleeding, or-
thopedic surgery was not first considered. He has a history of
two recurrent COVID-19 infections during the pandemic period,
the first from a household contact 25 months before the onset of
avascular necrosis and the second from a positive SARS-CoV-2
PCR in school 18 months before avascular necrosis. He was not
vaccinated against COVID-19. We learned that before the pan-
demic period and his diagnosis of FXI deficiency, he used to play
football and cycle regularly. The patient was referred to the he-
matology department to rule out any possible hemostatic causes
of osteonecrosis. His APTT assessment was prolonged to 110s.

His factor XI level was 0.1%, indicating a severe FXI deficiency.
Protein C, protein S, antithrombin III, and homocysteine levels
were examined to establish the role of avascular necrosis and
were found to be within normal ranges. The abdominal and pel-
vic ultrasound was normal. Endocrine consultation was done
due to low levels of parathyroid hormone, calcitonin, and vita-
min D, but no pathology was found. However, vitamin D supple-
mentation and calcium support were administered. The patient
was admitted to the Physical Medicine and Rehabilitation de-
partment and given muscle-strengthening exercises for 6 weeks,
but there was no improvement. Muscle and joint motions im-
proved slightly after 12weeks of hyperbaric oxygen therapy,
which included up to 60 sessions. The patient's requirement for
analgesics has decreased. However, after discontinuing hyper-
baric oxygen therapy, the patient's pain intensity and difficulty
walking returned. Our patient received off-label approval for
intravenous iloprost (25ug/day for 5days) and oral alendronate
(70mg weekly). Pain was assessed using the Visual Analog
Scale (VAS) available at https://orthopowertools.com/VAS. This
score, which ranged from 1 to 10, indicated the intensity of the
pain. This means that pain scores of 1-4 were mild, 5-6 were
moderate, and 7-10 were severe. At the start of iloprost treat-
ment, VAS scores during exercise were 10/10 for back pain, 8/10
for hip pain, and 6/10 for knee pain. After the first month of ilo-
prost therapy, the knee (4/10) and hip (6/10) pains gradually de-
creased, but the back (10/10) pain continued. After 4 months of
treatment, the scores were 4/10 for hip pain, 7/10 for back pain,
and 2/10 for knee pain. Only the pain in the back worsened with
physical activity. After 6 months, the patient was still taking
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FIGURE1 | On the PA pelvis radiograph, a disruption of the spherical contour of both femoral heads (empty black arrow) and increased sclerosis

in the adjacent acetabular surfaces (black arrowhead) (a); Subsequent hip MRI revealed sclerosis and edema accompanying the cartilage erosion of

the femoral heads (empty black arrow) (b); On the right acetabular bone surface, a subchondral bone defect with medullary edema on fat-suppressed

sequences (white arrow) (c).

iloprost and alendronate. There were no adverse effects from
iloprost. Repeated pelvic MRI scans did not reveal any changes.
Genetic testing demonstrated that the boy and his sister carry a
homozygous nonsense mutation in the FXI gene (c.1566G>A;
p.Trp519Ter) during their family screening [2]. His parents had
the heterozygous FXI mutation. The inherited thrombophilia
panel revealed that both siblings were homozygous for the
MTHFR A1298C mutation, whereas their parents were hetero-
Zygous carriers.

The prevalence of avascular necrosis related to COVID-19 has
been reported to be around 0.07% [1]. Nonsteroid-related avas-
cular necrosis has been reported in 33% of patients secondary to
COVID-19 infection in a comprehensive review [1]. The mean
time between COVID-19 and the onset of avascular necrosis
was 132.8days in a few reports [3, 4]. We detected bilateral avas-
cular necrosis 18 months following COVID-19 infection, which
is consistent with a case reported by Nejadhosseinian et al. [1].
Although there are various causes of avascular necrosis, includ-
ing long-term steroid usage, sickle cell anemia, malignancy, and
endocrine issues, we were unable to identify any in this case [5].
However, a systematic review demonstrated that recurrent joint
bleeding caused by hemophilia decreases blood flow in the bone
microcirculation, which is linked to femoral head osteonecrosis
[6]. Furthermore, it has been shown that repeated microtrauma
from sporting activities causes joint hemorrhage in a patient with
FXI deficiency [7]. Similarly, in our case, regular football and
cycling activities before the FXI deficiency diagnosis may cause
joint microbleeding, which impacts bone microcirculation. In a
comprehensive literature search, only one study demonstrated
that heterozygous mutations in the MTHFR C677T and MTHFR
A1298C genes, together with the use of steroids, could result in
multifocal osteonecrosis in a young spinal cord injury patient
[8]. In addition to the endothelial damage caused by repeated
COVID-19 infection, prothrombotic risk factors (homozygous
mutation in the MTHFR A1298C gene) and traumatic joint mi-
crobleeding due to severe FXI deficiency, both of which affect
bone microcirculation, may have contributed to the develop-
ment of nonsteroid-related avascular necrosis in our case.

Anticoagulant drugs can be used to treat patients who have de-
veloped avascular necrosis secondary to COVID-19 infection.
According to this data, another comprehensive review proposed
various treatment modalities for non-surgical intervention

management options for early detected avascular necrosis, in-
cluding protected weight bearing, physical therapy, vasodilators,
oral anticoagulants, and bisphosphonates in 80% of COVID-19
patients [4]. These authors indicated that the anticoagulants may
be used to treat microvascular thrombosis and increase bone
microcirculation in COVID-19 patients with osteonecrosis [9].
However, avascular necrosis or osteonecrosis is difficult to treat
in children suffering from bleeding disorders [10]. Because of the
young age and risk of bleeding, prosthetic surgery and anticoag-
ulant medications are not recommended. Thus, anticoagulant
medication cannot be preferred in our case due to the high bleed-
ing risk [11]. A few studies have shown that long-term Iloprost
treatment improves patients with avascular necrosis [12, 13]. A
recent study showed that early Iloprost treatment in osteone-
crosis patients decreased the progression of prosthetic surgery,
reduced bone pain, enhanced bone function, and improved
MRI results [12]. We also chose iloprost due to its vasodilation
and platelet dysfunction effects. Furthermore, a recent review
showed that when Iloprost was combined with bisphosphonates
in osteonecrosis patients, bone marrow edema and osteoclastic
activity decreased, while microcirculation increased due to va-
sodilation, potentially relieving bone pain and functional loss
[13]. The patient was successfully treated for 6 months with
Tloprost, a prostacyclin analog, and alendronic acid, a bisphos-
phonate. There were no side effects recorded. Our findings in this
case suggest that recurrent COVID-19 infection, a homozygous
MTHFR A1298C gene defect, and traumatic joint microbleeding
caused by severe FXI deficiency may have all contributed to the
development of avascular necrosis. Furthermore, iloprost com-
bined with alendronate may be beneficial in treating avascular
necrosis in those with high-risk bleeding if anticoagulants are
contraindicated and surgery is not an option.
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Blau syndrome (BS) is a rare autosomal dominant autoinflam-
matory disorder presenting in early childhood and charac-
terized by a triad of granulomatous arthritis, dermatitis, and
uveitis. It is caused by variants in the nucleotide oligomeriza-
tion domain 2 (NOD2) gene that encode for the NOD2 protein,
having two caspase recruitment (CARD) domains, a centrally
located NACHT domain and six leucine-rich repeats (LRRs) [1].
This cytosolic pattern recognition receptor protein is expressed
in various immune cells and recognizes muramyl dipeptide
(MDP) derived from intracellular bacterial lipopolysaccharides
and triggers an immune response by activating the NFKB path-
way. Mutations in the NOD2 gene decrease the capability of
spontaneous oligomerization of the protein. Over the years, the
number of NOD2 mutations associated with BS has expanded,
and most variants are found at or near the nucleotide-binding
NOD/NACHT domain or extending into the C-terminal region
of the LRR structure, with the R334W variant being the most
common. Frequent variants of uncertain significance, incom-
plete penetrance, as well as recognition of asymptomatic car-
riers have made genotype-phenotype correlation difficult to
understand. Clinically, patients with BS are often diagnosed
late, and as a result, patients develop significant ocular morbid-
ity and/or end-organ damage. So, early identification is crucial
for timely intervention and management. Genetic testing is ex-
pensive and time-consuming, so a need was felt to have a flow
cytometry-based rapid screening test to identify the subset of
patients who would benefit from further evaluation by expen-
sive and time-consuming genetic tests. Flow cytometry enables

rapid and cost-effective assessment of NOD2 protein levels in
different immune cell subsets, with same-day turnaround time,
making it particularly useful in acute or resource-constrained
clinical settings.

Patients with clinical suspicion of BS were screened for NOD2
variants and enrolled in the study after informed written consent.
The patients were registered at the Pediatric Immune Deficiency
Clinic and Pediatric Rheumatology Clinic, Advanced Pediatric
Centre, PGIMER, Chandigarh, India. The clinical profile of 11
BS patients (10 children, 1 adult) from our cohort was published
(PMID: 36189202) highlighting that 54.5% of patients had a classic
triad, while the frequency of arthritis, dermatitis, and uveitis was
100%, 81.8%, and 72.7%, respectively. Among these 11 patients,
flow cytometry and gene expression studies could be carried out
on only 9 patients, as 1 patient died and one was lost to follow
up. Whole blood (5mL) was obtained from patients with BS and
healthy controls (HC). NOD2 protein expression was assessed in
BS (n=9) and HC (n=7) by intracellular staining of different im-
mune cells by flow cytometry. Isolation of peripheral blood mono-
nuclear cells (PBMCs) was carried out from patients with BS and
HC using the density gradient centrifugation method. Cells were
stained with a titrated volume of mouse anti-human CD3-FITC
(561802- Becton Dickinson, USA), mouse anti-human CD19-
APC (555415- Becton Dickinson, USA) mouse anti-human CD16
BV421 (562878-Becton Dickinson, USA), mouse anti-human CD14
PE-Cy7 (560919-Becton Dickinson, USA), mouse anti-human
CD11c PerCP-Cy5.5 (565227-Becton Dickinson, USA), mouse
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anti-human CD4 BV510 (563094-Becton Dickinson, USA), and
mouse anti-human CD8 BUV395 (563796- Becton Dickinson,
USA). The cells were then washed, lysed, and fixed using lyse and
fix (558049, Becton Dickinson, USA), permeabilized using Triton
X-100, and incubated for 10min. Finally, cells were stained with
mouse anti-human NOD2 labeled with PE (NB100-524PE- Novus
Biosciences, USA) and acquired on the BD LSRFortessa X-20
flow cytometer. The proportion of T cells and subsets, B cells, NK
cells, and monocyte subsets was assessed. The gating strategy for
assessing NOD2 protein expression in different immune cells is
highlighted in Figure 1. Statistical comparison among patients
and healthy control was performed by non-parametric ¢ test (not
normally distributed data) followed by Mann-Whitney U test and
value of p<0.05 was considered significant. Results were analyzed
using GraphPad Prism 9 Software (8.3.0.538). Graphs were ob-
tained from GraphPad. The data variability was presented using
median + interquartile range (IQR).

We corroborated flow cytometry results with NOD2 gene expres-
sion on whole blood using real time polymerase chain reaction
in patients with BS (n=9) and HC (n=38). For gene expression,
total RNA was isolated using QIAamp RNA Blood Mini Kit
(Qiagen) as per standard protocol and quantified. cDNA was
synthesized from messenger RNA (mRNA) using cDNA synthe-
sis Kit. Gene specific primers were designed, and Ct method was
used to calculate quantitative gene expression (Kenneth and
Thomas, 2001).

The patients with BS had lower NOD2 protein expression ex-
pressed as delta median fluorescence intensity (AMFI) across all
immune cells: T cells, CD4+T cells, CD8 +T cells, B cells, NK
cells, classical monocytes, intermediate monocytes and non-
classical monocytes as compared to healthy control. However, a
significant difference in AMFI was obtained for B cells (p =0.03)
as well as for CD8+T cells (p=0.05). The AMFI, median + IQR
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FIGURE1 | Gatingstrategy for data acquisition for intracellular staining of NOD2 protein. (Panel A and panel B) shows gating strategy for NOD2

protein expression in different immune cell subsets in healthy control and patients with BS respectively. Graph I and V shows forward scatter ver-
sus side scatter in which lymphocytes and monocytes were gated in HC and BS respectively. Lymphocytes were further gated in graph II and VI for
CD3+T cells, CD19+ B cells and NK cell population in HC and BS patients. The CD3 4 T cells were then gated on CD4 + Th cells and CD8 + Tc cells
in graph IIT and VII in HC and BS patients respectively. Graph IV and VIII highlighted the gated monocytes as CD14 + classical monocytes, CD16+
non-classical monocytes and dual positive CD14 + CD16 + intermediate monocytes in HC and BS patients respectively. (Panel C and panel D) shows
the overlays for NOD2 expression in different immune cell subsets in HC and BS patients respectively depicting reduced NOD2 protein expression in

all immune cells in BS patients when compared to HC with statistical significant difference in CD8 + T cells (p=0.05) and B cells (p =0.03).

20f 5

International Journal of Rheumatic Diseases, 2025



*3[qe[TeAe Jou ‘YN 98uel o[nrenbrojur YOI (AIISUIUT 99UISIION]J UBTPIUWL B[P ‘[AINV SUOIBIAIQQY
JueDTJIUSIS PAISPISUOD SeM S0°(0 > d JO dnJeA Y, 1S9}
1 Kowrgm-uuey Aq pamor]oj 1593 7 Juspuadapur ornjourered-uou Aq payewnisa sem (s0°0=d) S[[99 L+ 8dD UI ZAON JO IAINV:« PUe (€0°0 =d) S[[99 g UI ZAON JO TN Vs« "(IOI) 93ue1 o[nrenbisjul F uerpawi se pajrodal s)msay :2JoN

(8L¥1-8¥'16) 9ST (5€8-06'79) STT (L€8-05°99) 12T (TzL-cs) €1 (T0L-SS) 0£°'19 (€'¥ST-L0LS) 0S°SL YOI F uBIpaN
VN Ges €0L 129 10L €S LOH

76T (434! €CIT 1CL 8¥CT LO'LS 9DH

6'vY 6'79 §'95 €C1 86 S'8L SOH

G681 ser 1t [ T8y 6C°CE ¥OH

111 TLE oS T6¥ Ss 88°8S €OH

LTT LOT ¥'8L Ss €19 Sevl 7OH

90CT 0123 LE8 06€T 0%9 ¥S'8TL 1DH
(S'TrT-5¥9°0) 06°TL ' TIT-S0'+€) 08°LS (#'90T-ST'0€) +x08°8% (0€°98-06°¢Y) «0L9% (9°'0€1-59°SS) T'T0T (98°99-8T°¢t) 6L6¥ YOI F ueIpaN
S0C— A3 T8t 8'ch 9'STI 0'69 6Sd

97474 6L1 9l 102 101 9899 8sd

(454 878 8'99 4% 7S L6°ES LS9

€T's— (414 L91 €901 (A4 9¢°6TT 9sd

6L 6°€S 8'8¥ T'6€ 79 s6v ssd

L¥T 189 ¥'09 Thy 6C1 #0°061 sS4

€€T ovT 661 8°9S 11¢C 6L°6Y £sd

w9 LvE 143 €99 8Lt 8T'tH s4

€01 8°LS 8'8¥ LY €'LS 76'9¢C 1sd
sa3koouow [edIsseI) STTdD JIN SIIP2 4 S[199 L +8dD S[1992 I +¥dd S[199 I +£dD arvslgng

*S0I1U0D AYI[BAY pUE SWOIPUAS Ne[g YIm sjuaned Ul SJasqns [[20 dUNWWI JUdIFTP uo urejoxd ZqON Jo [NV Jo uostredwo) | T HTIV.L

30f5




of NOD2 expression on different immune subsets in patients and
healthy controls has been highlighted in Table 1.

Gene expression analysis revealed reduced NOD2 gene expres-
sion in patients with BS (p =0.04) as compared to healthy con-
trols. Expression of pro-inflammatory cytokines (IL-1(3, IL-6,
1L-18) was reduced in BS patients (ns) while comparable values
were noted for TNF-a and transcription regulators of inflamma-
tion (NF-xB1 and NF-xB2) (Figure 2). It is difficult to correlate
NOD?2 protein expression with clinical outcomes in this small
cohort. However, we tried to correlate NOD2 protein expression
with clinical parameters like age at disease onset, presence of
family history, uveitis and treatment response. Two patients
with reduced NOD2 protein expression in all immune cell sub-
sets had early onset of disease with classical Blau syndrome,
positive family history and required multiple immunosuppres-
sive therapies.

Early identification is crucial for timely intervention and manage-
ment of BS. Genetic sequencing of the NOD2 gene remains the
gold standard for diagnosis. However, genetic sequencing can
be expensive and time-consuming. Flow cytometric assessment
of NOD2 protein expression presents a promising alternative for
screening due to its cost-effectiveness and rapid turnaround. While
it does not replace traditional genetic testing, which will remain
the definitive diagnostic tool, flow cytometry serves as a valuable
pre-screening method to identify high-risk individuals who should
undergo confirmatory genetic sequencing. Flow cytometry will
also enable the identification of individuals who are otherwise de-
tected negative by most common hot spot genetic screenings but
are clinically symptomatic. Flow cytometry has been successfully
used in other conditions, such as Wiskott Aldrich syndrome and
Bruton's Tyrosine Kinase deficiencies. In BS, reduced NOD2 pro-
tein expression has been observed in mutation-positive patients,
suggesting it could be a useful marker for the disease.
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FIGURE 2 | (a) Shows significantly reduced AMFI of NOD2 in B cells (p =0.03), CD8 + T cells (p=0.05) and in NX cells with near significance

(p=0.07) in patients with BS (N=9) when compared to HC (N=7). (b) Shows reduced NOD2 gene expression in patients with BS (N=9) (p =0.04) as
compared to HC (N=8) on whole blood by real time PCR. (c) Reduced expression of pro-inflammatory cytokines (IL-1f, IL-6, IL-18) in BS patients
(ns) while expression of TNF-a and transcription regulators of inflammation (NF-xB1 and NF-xB2) was comparable in patients with BS (N=9) and
HC (N=8). (d) Heat map representing fold changes of NOD2 gene and inflammatory cytokines in patient with BS and HC. Statistical comparison
among patients and healthy control was performed by non-parametric independent t-test followed by Mann-Whitney U test (small sample size
and non-normal distribution of data) and value of p<0.05 was considered significant. Results were analyzed using GraphPad Prism 9 Software

(8.3.0.538). Graphs were obtained from GraphPad. Results were reported as median + interquartile range (IQR). BS, Blau syndrome; HC, Healthy

control.
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Despite advancements in understanding BS, the exact mech-
anism by which NOD2 variants cause the syndrome remains
unclear. It is particularly unclear whether these variants result
in gain-of-function (GOF) or loss-of-function (LOF) mutations.
The hypothesis of GOF mutations has been widely accepted
due to the autosomal dominant inheritance pattern of BS [2].
Supporting this hypothesis, in vitro studies using overexpres-
sion systems have shown that BS-associated NOD2 mutations
lead to hyperactivation of the NF-xB and MAPK pathways,
resulting in increased inflammatory cytokine production [3].
Contrarily, clinical studies challenge the GOF hypothesis [4].
For example, peripheral blood cells from BS patients do not ex-
hibit spontaneous cytokine release and show reduced IL-1f3 re-
sponse compared to controls, which is not consistent with the
hyperactive immune response seen in GOF conditions [4]. There
are few in vivo studies in the literature so far. Moreover, these
observations are more aligned with the LOF mutations seen in
Crohn's disease (CD), where NOD2 mutations fail to activate the
NF-xB pathway [3, 5].

The conflicting evidence from in vitro and clinical studies sug-
gests that the pathogenesis of BS may involve a more complex
mechanism than a straightforward GOF or LOF mutation. It
underscores the necessity for further research to elucidate the
precise role of NOD2 in BS. A comprehensive understanding of
NOD?2 signaling and its impact on immune regulation in BS is
vital. This requires collaborative efforts across basic research,
translational studies, and clinical investigations to unravel the
intricacies of NOD2-related immune dysregulation and improve
patient outcomes in Blau syndrome.

The present study compares NOD2 protein expression by flow
cytometry. Patients with the R334W variant in the NOD2 gene
have lower expression of NOD2 protein in B cells and CD8+T
cells by flow cytometry. Real-time PCR analysis also revealed
reduced expression of the NOD2 gene and pro-inflammatory
cytokines in patients with BS. Flow-based assessment may
serve as a rapid screening test for patients with uveitis and a
diagnostic aid for identifying patients with BS. Our results are
consistent with in vivo studies and showed reduced NOD2 pro-
tein expression by flow cytometry as well as by qPCR in R334W
variant-positive BS patients and reduced inflammatory cytokine
production, hence supporting/suggesting loss-of-function (LOF)
in Blau syndrome. There is a need to develop animal models of
NOD2 mutated mice and perform functional validation of our
findings.

The present study includes a small number of patients from a
single center, which is a limitation that can indeed lead to sam-
ple variability and may limit the robustness of statistical power
and generalizability of our findings. BS being a rare condition
and recruiting a larger cohort presents significant logistical and
clinical challenges. Despite the limited sample size, consistent
trends were observed across multiple outcome measures and
appropriate statistical analyses to account for the sample lim-
itations. Furthermore, the study provides valuable preliminary
insights that open many new avenues and provide groundwork
for future multi-center studies with larger cohorts for functional
validation.
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ABSTRACT

Gout, a chronic inflammatory condition, is intricately linked to lifestyle factors such as diet and alcohol consumption. Alcohol

significantly influences gout development and flares through mechanisms including hyperuricemia, oxidative stress, and purine

metabolism. The impact of alcohol varies by type and quantity, with beer and spirits posing a higher risk due to their purine

and ethanol content, while moderate wine consumption may confer potential anti-inflammatory benefits. Recent advances un-

derscore the multifactorial nature of gout, revealing how host genetics and epigenetic modifications modulate alcohol's effects.
Variants in genes regulating urate transport (SLC2A9, ABCG2) and alcohol metabolism (ADH1B, ALDH?2) influence individual
susceptibility, highlighting the need for personalized management strategies. This narrative review synthesizes evidence from
genetics, lifestyle, and public health perspectives, emphasizing the importance of moderation, pharmacogenomics, and tailored

interventions in improving gout outcomes.

1 | Introduction

Gout is widely recognized as an inflammatory rheumatic con-
dition characterized by arthritis and an abnormal metabolism
of uric acid [1]. The condition is triggered by the deposition of
monosodium urate (MSU) crystals in the joints, resulting in
episodes of severe pain, swelling, redness, and tenderness, par-
ticularly in the big toe [1]. However, other joints, such as the
knees, ankles, elbows, and wrists, can also be affected. These
painful episodes, known as gout flares, can last from days to
weeks and may become more frequent and severe over time if
left untreated. Gout is also associated with other complications,
including tophi (hard lumps of urate crystals under the skin),

kidney stones, and long-term joint damage, which can lead to
chronic disability [1].

Across historical periods, gout has consistently been associ-
ated with lifestyle factors, primarily linked to a diet high in
purines compounds found in many foods, particularly sea-
food, red meat, organ meats, and certain vegetables like as-
paragus and spinach [2]. When purines are metabolized, uric
acid is produced as a byproduct. In individuals prone to gout,
the body's inability to efficiently eliminate uric acid results
in its accumulation in the blood, known as hyperuricemia,
eventually leading to the formation of MSU crystals in the
joints [2]. This connection between diet and disease has been

© 2025 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.

International Journal of Rheumatic Diseases, 2025; 28:70421
https://doi.org/10.1111/1756-185x.70421

10f9


https://doi.org/10.1111/1756-185x.70421
mailto:
https://orcid.org/0000-0002-1542-0249
https://orcid.org/0000-0001-6111-902X
https://orcid.org/0000-0002-2734-7210
https://orcid.org/0000-0003-0684-9542
mailto:cristina.martinezavila@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1756-185x.70421&domain=pdf&date_stamp=2025-09-19

recognized since ancient times, when food scarcity and lux-
ury were intertwined with social class. Gout, referred to as the
“king's disease” or “rich man's disease,” was particularly prev-
alent among the wealthy, who had access to large quantities of
meat, seafood, and alcohol [3]. The indulgence in these luxury
items became a symbol of prosperity, while gout was seen as a
consequence of an affluent lifestyle [3].

In ancient societies, gout symbolized more than just a health con-
dition; it reflected wealth, privilege, and status, often depicted in
art, literature, and medical writings [3]. Figures like King Henry
VIII and Sir Isaac Newton, who suffered from gout, reinforced
its association with royalty and the elite. In classical Greek and
Roman times, the disease was seen as an inevitable consequence
of a privileged lifestyle, with physicians advising moderation in
diet and alcohol to avoid its onset. Far from universally negative,
gout was sometimes viewed as a mark of distinction, indicating
a life of abundance [3]. This perception persisted through the
medieval and Renaissance periods, where depictions of nobil-
ity afflicted by gout were common. Early treatments focused on
lifestyle modifications, but the precise link between gout and al-
cohol wasn't fully understood until modern research revealed its
role in uric acid metabolism and the disease's progression [1, 3].

Notably, the relationship between gout and alcohol consump-
tion has been a subject of extensive research in the modern era.
Several studies have confirmed that alcohol, particularly beer
and spirits, can increase the risk of gout flares by contributing
to hyperuricemia.

This narrative review aims to elucidate the intricate interplay
between these factors, providing a framework for understand-
ing individual variability in gout risk. By exploring the genetic
mechanisms underlying alcohol metabolism and its role in
purine metabolism, this review highlights the necessity of in-
tegrating genetics into gout management strategies. While past
studies have extensively analyzed lifestyle factors and genetics
separately, this review seeks to innovate by synthesizing their
combined impact, offering a personalized perspective on gout
pathogenesis and treatment.

2 | Methods

We conducted a narrative review using PubMed, OVID
(Medline), and Web of Science to examine the relationship be-
tween gout and alcohol consumption. Search terms included
“gout,” “hyperuricemia,” “alcohol consumption,” “beer,” “spir-
its,” “genetics,” “urate metabolism,” and “oxidative stress.”
Eligible studies were clinical, epidemiological, or review articles
in English that addressed alcohol's role in gout development,
flares, or management. We excluded letters, conference ab-
stracts, and unpublished works.

» o«

» o«

The review followed six structured steps: (A) defining research
questions and inclusion/exclusion criteria, (B) study selection
using predefined search terms and databases, (C) quality assess-
ment with the Critical Appraisal Skill Program (CASP), (D) data
extraction (study aims, context, demographics, methods, and key
findings), (E) data synthesis, and (F) writing and critical reflection.

The search (July 2022-February 2024) retrieved 1524 records;
after removing duplicates and screening, 832 remained. Two
reviewers (ALAC, MCMA) independently assessed titles and
abstracts, retrieving full texts when necessary. Discrepancies
were resolved through team discussion (PAMP, WBM, GQL). A
second screening excluded studies with ineligible participants,
methodological limitations, or insufficient relevance. CASP
evaluation excluded an additional 28 studies. Ultimately, 21
studies (5.75% of initial results) were included.

Key characteristics of the selected studies—including setting,
sample size, age range, and methods—are synthesized in the
following sections.

3 | Results
3.1 | Host Genetics and Gout Susceptibility

Recent studies have shed light on the role of host genetics in de-
termining susceptibility to gout, emphasizing key genetic loci,
epigenetic modifications, and the interaction of these factors
with alcohol consumption [4].

The study titled A Genome-Wide Association Analysis Reveals
New Pathogenic Pathways in Gout explores the molecular un-
derpinnings of gout through the largest genome-wide association
study (GWAS) to date, encompassing 2.6 million participants and
identifying 377 genetic loci associated with the disease [4]. Of
these, 149 loci were novel discoveries, highlighting the complex-
ity of gout pathogenesis. The research emphasizes key inflamma-
tory processes, including the role of epigenetic modifications and
NLRP3 inflammasome activation, driven by interactions between
genetic predispositions and MSU crystal deposition. Additionally,
sex-specific genetic differences were explored, providing insights
into the male predominance of gout [4].

A major finding was the identification of genes linked to urate
metabolism and immune responses, such as ABCG2, FADS2,
and IL1R1, which play a significant role in modulating sus-
ceptibility to hyperuricemia and the inflammatory cascade
underlying gout flares. The study highlights the critical role of
epigenetic mechanisms, including DNA methylation and his-
tone modification, in shaping the inflammatory and metabolic
processes driving gout. These insights reveal potential therapeu-
tic targets, particularly pathways involving chromatin modifiers
and cytokine signaling [4].

3.2 | Alcohol and Gout Development
3.2.1 | Alcohol Consumption and Purine Metabolism

The association between alcohol consumption and the risk of de-
veloping gout centers on its impact on purine metabolism, uric
acid production, and excretion. Purines, fundamental building
blocks of nucleotides, are metabolized mainly in the liver, where
their catabolism generates uric acid as a byproduct [2, 5]. Diets
rich in purines provide abundant substrates for this process, pre-
disposing one to hyperuricemia.
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When purine-rich foods are consumed together with alcohol,
hepatic metabolism is altered. Ethanol increases the hepatic
NADH/NAD* ratio, which favors lactate production; lactate
competes with uric acid for renal excretion, reducing urate
clearance [5, 6]. Chronic alcohol intake also promotes hepatic
steatosis and mitochondrial dysfunction, impairing purine re-
cycling and uric acid elimination [7]. Additionally, alcohol can
disrupt intestinal homeostasis and urate transport mechanisms,
contributing to systemic urate accumulation [8].

Excess uric acid precipitates as monosodium urate (MSU) crys-
tals once concentrations exceed the solubility threshold. This
risk is magnified by acidic microenvironments induced by alco-
hol metabolism, fasting, or salt deposition, all of which reduce
urate solubility [9, 10]. Higher calcium ion concentrations in
acidic conditions further destabilize urate solubility, promoting
crystal nucleation and growth [10].

MSU crystal deposition initiates a potent inflammatory cas-
cade. Phagocytosis of MSU crystals by macrophages activates
the NLRP3 inflammasome and promotes the production of

Decreased uric acid
excretion

Elevated purine
synthesis

Hyperuricemia

Monosodium urate Crystals Dietary factors

&G

Gout flare

FIGURE 1
original and created by the author(s).

| Mechanism of hyperuricemia to gout. This figure is

interleukin-13 (IL-143). In humans, a secondary signal—often
dietary or alcohol-related—stimulates Toll-like receptor (TLR)
pathways, intensifying neutrophil infiltration and joint inflam-
mation [10]. The overall sequence of these processes is illustrated
in Figure 1, which summarizes how alcohol-driven changes in
purine metabolism and urate handling create a favorable envi-
ronment for gout development.

3.2.2 | Differential Impact of Alcoholic Beverages

Different types of alcoholic beverages have varying effects on
gout risk, underscoring the complexity of this relationship [11].
Research has consistently shown that beer is associated with a
significantly increased risk of developing gout, with a relative
risk (RR) of 1.49 (95% CI 1.32-1.70). This elevated risk is likely
due to the high purine content found in beer, particularly from
the yeast used in its fermentation process. However, the relation-
ship between alcohol consumption and gout is not uniformly
detrimental across all types of alcoholic beverages. For instance,
wine has been suggested to possess protective effects against
gout, which may be attributed to its rich content of polyphenolic
compounds and potential anti-inflammatory properties [5, 12].
These compounds are believed to help modulate uric acid levels
and reduce inflammation, thereby potentially mitigating the risk
of gout attacks.

A recent study further elucidated the differential impact of var-
ious alcohol types on serum urate levels, revealing that each
type of alcoholic beverage influences urate concentrations in
distinct ways [13]. For instance, the study found that for each
additional 1-unit increase in beer consumption, serum urate lev-
els increased by 0.12mg/dL in men and 0.21 mg/dL in women.
In contrast, whiskey consumption was associated with a rise of
0.19mg/dL in men and 0.16 mg/dL in women, while wine con-
sumption resulted in an increase of 0.10mg/dL for both sexes
[13]. These findings indicate that not only does the quantity of
alcohol consumed matter, but also the type of alcohol plays a
crucial role in determining the risk of developing gout.

The intricate distinctions between different alcohol types empha-
size the necessity for a nuanced approach in understanding their
impact on gout development (Table 1). Recognizing these differ-
ences can help inform dietary recommendations and lifestyle
modifications for individuals at risk of gout, ultimately contribut-
ing to better management of this painful condition. Furthermore,
continued research is essential to unravel the underlying mech-
anisms by which specific alcoholic beverages affect uric acid

TABLE1 | Impact of different alcoholic beverages on serum uric acid levels.

Type of alcoholic Average alcohol Increase in serum uric acid levels

beverage content (% ABV) (mg/dL per 1 unit increase) References

Beer 4%-6% Men: 0.12mg/dL [6, 9]
Women: 0.21 mg/dL

Whiskey 40% Men: 0.19mg/dL [9]
Women: 0.16 mg/dL

Wine 9%-14% Both Sexes: 0.10mg/dL [5,7,9]
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metabolism, paving the way for more effective prevention strate-
gies tailored to individual consumption patterns.

3.3 | Alcohol Influencing Gout Flares
3.3.1 | Acute Attacks and Alcohol Intake

The influence of alcohol on the frequency of acute gout attacks
represents a complex interplay that extends beyond mere asso-
ciations, emphasizing the need for a deeper understanding of
this relationship. Numerous studies have indicated that higher
alcohol intake, particularly from beer and spirits, is linked to
an increased risk of gout flares [8, 14]. However, the variability
among individuals highlights that this relationship is highly in-
dividualized, suggesting that personalized approaches to clini-
cal management are essential.

A meta-analysis conducted by Wang et al. synthesized data from
12 studies and identified a significant association between alco-
hol consumption and the risk of developing gout [15]. The pooled
Relative Risk (RR) for individuals with the highest levels of al-
cohol consumption compared to non-occasional drinkers was
found to be 1.98, with a 95% Confidence Interval (CI) ranging
from 1.52 - 2.58. Table 2

These findings suggest a clear dose-dependent relationship be-
tween alcohol consumption and the risk of gout, indicating that
higher levels of alcohol intake are significantly associated with
an elevated risk of developing gout [15]. The increased risk is
particularly pronounced at higher levels of consumption, rein-
forcing the importance of moderation in alcohol intake for indi-
viduals with a predisposition to gout.

Moreover, the variability in individual responses to alcohol un-
derscores the necessity for healthcare professionals to consider
personalized strategies when advising patients on alcohol con-
sumption [15]. Tailoring recommendations based on individual
risk factors, including genetic predispositions, dietary habits,
and existing health conditions, can help mitigate the risk of
gout flares and improve the overall management of this painful
condition.

3.3.2 | Mechanisms by Which Alcohol Contributes to
Gout Flares

The mechanisms through which alcohol contributes to gout
flares are multifaceted and involve several biological processes
that interconnect to exacerbate the condition [1]. One significant

TABLE 2 | Relative risk for different levels of alcohol consumption.

pathway is the metabolism of ethanol, which generates lactate.
This lactate competes with uric acid for renal excretion, leading
to reduced uric acid clearance and contributing to hyperurice-
mia, a key precursor for gout attacks [6]. As uric acid levels rise
in the bloodstream, the likelihood of monosodium urate crystal
formation increases, particularly in cooler peripheral joints, al-
though this remains theoretical [15].

Moreover, the relationship between alcohol consumption and
oxidative stress further complicates the clinical picture. Alcohol-
induced oxidative stress results in the production of reactive ox-
ygen species (ROS), which can damage cellular structures and
promote inflammation. This oxidative damage not only affects
joint tissues but can also disrupt the normal function of immune
cells, leading to an exaggerated inflammatory response when
gout flares occur [14]. The presence of inflammatory cytokines,
such as interleukin-13 and tumor necrosis factor-alpha, is height-
ened during alcohol consumption, intensifying the inflammatory
response in joints already affected by urate crystal deposits [14].

3.4 | Mechanisms of Action: Pathways Affected by
Alcohol Consumption

3.4.1 | Oxidative Stress and Inflammation

Alcohol's role in promoting oxidative stress and inflammation
adds another layer to its complex relationship with gout, further
complicating the understanding of this condition. The metabo-
lism of ethanol leads to the generation of reactive oxygen species
(ROS), highly reactive molecules that can damage lipids, proteins,
and DNA [6, 16]. This oxidative damage plays a significant role
in inflammatory processes, particularly in joint tissues affected by
gout. Elevated ROS levels can activate key inflammatory pathways
such as the NLRP3 inflammasome and NF-xB signaling, amplify-
ing cytokine production and worsening joint inflammation [17].

The presence of ROS triggers a cascade of biological responses,
including increased production of pro-inflammatory cytokines
such as interleukin-1g (IL-18) and tumor necrosis factor-alpha
(TNF-a) [6]. Alcohol-induced oxidative stress can also impair
endogenous antioxidant defenses, including reduced activity of
superoxide dismutase and glutathione peroxidase, tipping the
balance toward a pro-inflammatory state [18].

Emerging evidence also suggests that antioxidant-based dietary
interventions such as polyphenol-rich foods may attenuate ROS
generation, modulate NLRP3 activity, and reduce gout flare se-
verity [19]. Although still under investigation, these approaches
highlight the potential for targeting oxidative stress as part of a
comprehensive strategy to manage alcohol-related gout flares.
The sequence of these processes is summarized in Figure 2,
which illustrates how alcohol-induced oxidative stress activates

Level of alcohol Relative 95% Confidence inflammatory cascades leading to gout flares.

consumption risk (RR) interval (CI)

1 drink/day 1.16 1.07-1.25 3.4.2 | Role of Alcohol Metabolizing Enzymes: ADH

>1 to <3 drinks per 1.58 1.50-1.66 and ALDH

day

> 3 drink d 2.64 2.26—3.09 The metabolism of alcohol, mediated primarily by alcohol de-

= > CTInks per day : S hydrogenase (ADH) and aldehyde dehydrogenase (ALDH), is a
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FIGURE 2 | Alcohol-induced oxidative stress and inflammation in
gout. Ethanol metabolism increases the NADH/NAD* ratio and pro-
motes mitochondrial dysfunction, generating ROS that activate the
NLRP3 inflammasome and NF-xB signaling. This cascade elevates
pro-inflammatory cytokines (IL-18, TNF-a), driving acute gout flares.
Original figure created by the authors.

critical factor in understanding how genetics and environmen-
tal influences, such as alcohol consumption, converge to impact
gout susceptibility [20, 21]. Genetic polymorphisms in these en-
zymes can significantly alter the processing of ethanol and its
byproducts, which in turn affect the risk and severity of gout.
Variations in ADH1B and ADH1C modify the rate at which eth-
anol is converted to acetaldehyde, an intermediate metabolite
known for its association with oxidative stress and inflamma-
tion. Rapid conversion due to these variants can lead to elevated
acetaldehyde levels, which amplify the inflammatory responses
that drive gout flares [20, 21].

Similarly, polymorphisms in ALDH2, particularly prevalent
in East Asian populations, reduce the efficiency of acetal-
dehyde detoxification, causing it to accumulate in the body
[20, 21]. This accumulation exacerbates oxidative damage and
promotes the deposition of urate crystals, a hallmark of gout
pathogenesis. These genetic factors not only influence the
metabolism of alcohol but also modulate the body's inflam-
matory and metabolic responses, creating a complex interplay

between genetic predisposition and environmental triggers
[20, 21].

3.4.3 | Alcohol-Induced Modulation of Genetic Risk:
Ethnic Variability

Ethnicity plays a crucial role in shaping the prevalence and se-
verity of gout, driven by a complex interplay of genetic predis-
positions and cultural factors. Polymorphisms in genes such as
SLC2A9, ABCG2, ADH, and ALDH exhibit significant variabil-
ity across populations, influencing susceptibility to hyperuri-
cemia and gout [20, 21]. For instance, East Asian populations
frequently carry ALDH2 polymorphisms that impair acetal-
dehyde metabolism, heightening oxidative stress and the risk
of alcohol-induced gout. Similarly, Pacific Islander and Maori
communities show an elevated genetic predisposition to hy-
peruricemia, possibly due to evolutionary adaptations favoring
urate retention, which becomes problematic when combined
with high alcohol consumption. Among African and African
American populations, variations in ABCG2 are associated with
reduced urate excretion, exacerbating gout prevalence when
lifestyle factors are added to the equation [20, 21].

In Southeast Asian populations, high gout prevalence has been
linked to both genetic and lifestyle factors. Genome-wide associa-
tion studies reveal a higher frequency of ABCG2 and SLC2A9 risk
alleles in certain Southeast Asian subgroups, leading to reduced
renal urate clearance. When coupled with increasing alcohol con-
sumption particularly beer and spirits these genetic factors mark-
edly elevate hyperuricemia risk [22]. Epidemiological surveys
from countries such as Thailand and the Philippines report rising
gout incidence, which parallels economic growth, urbanization,
and shifts toward Westernized diets, further compounding the
impact of alcohol on disease progression [23].

Cultural attitudes toward alcohol further modulate gout risk
[20, 21]. European populations, for example, experience a strong
correlation between high beer consumption and gout preva-
lence, a relationship shaped by cultural practices and genetic
susceptibility. Indigenous populations, on the other hand, face
increased gout rates due to rapid lifestyle shifts and the adop-
tion of Westernized diets, including alcohol consumption, which
amplify the effects of genetic predispositions. Together, these
examples highlight the intricate connections between genetics,
culture, and lifestyle in determining gout risk across diverse eth-
nic groups [20, 21].

In Colombia, the prevalence of gout is estimated to be between
2% and 4% of the population, primarily affecting men aged 30
to 70. These figures align with those observed in other Western
countries, where prevalence rates range from 3% to 6% in men
and 1% to 2% in women [4]. Regarding alcohol consumption in
Latin America, there is significant variability between coun-
tries. For example, Argentina has a per capita alcohol consump-
tion of 8 L of pure alcohol annually, exceeding the global average
of 5.5L and the regional average of 7.5L [4]. Although specific
data for Colombia are not available, alcohol consumption is a
recognized risk factor for exacerbating gout. The intake of alco-
holic beverages, particularly beer, can elevate uric acid levels in
the blood, triggering acute episodes of the disease [4].
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Additionally, cultural and lifestyle factors in Colombia and
other Latin American countries may influence gout prevalence.
The adoption of Westernized diets rich in purines, combined
with an increase in alcohol consumption, likely contributes to
rising rates of hyperuricemia and gout in the region. Promoting
healthier dietary habits and moderating alcohol intake are es-
sential preventive measures to mitigate the incidence of this
condition [4].

3.5 | Striking the Balance: Personalized
Management and Moderation

3.5.1 | Importance of Moderation

Moderation is a critical factor in mitigating the risks associated
with alcohol consumption in gout management. Guidelines de-
fine moderation as no more than one drink per day for women
and no more than two drinks per day for men [24]. This recom-
mendation aligns with those of the World Health Organization
(WHO) and various national health authorities, which stan-
dardize one drink as containing approximately 10g of ethanol.
However, the definition of a “standard drink” varies globally
due to cultural and regulatory differences [11]. These discrepan-
cies highlight the necessity of tailoring moderation guidelines to
individual and regional contexts.

Research suggests that moderate wine consumption may pro-
vide potential anti-inflammatory benefits due to its polypheno-
lic compounds [5, 12]. However, this effect is not universal, as
genetic factors play a pivotal role in modulating the relationship
between alcohol and gout. For instance, variants in SLC2A9
and ABCG?2 influence urate metabolism, while polymorphisms
in ADH1B, ADHIC, and ALDH?2 affect alcohol metabolism,
exacerbating oxidative stress and urate crystal formation in
genetically predisposed individuals [1, 5, 11]. Additionally,
alcohol-induced epigenetic changes, such as DNA methylation
and histone modifications, can alter the expression of genes reg-
ulating inflammation and urate transport, further complicating
this dynamic [12].

Educating patients about moderation should be a cornerstone of
gout management. Healthcare providers must emphasize that
while some alcohol may be permissible, excessive consumption
significantly increases the risk of gout flares. Integrating knowl-
edge of genetic and epigenetic factors into patient guidance is
essential, enabling individuals to make informed decisions
tailored to their unique risk profiles. Promoting moderation
not only helps reduce gout flares but also empowers patients
to adopt lifestyle choices that enhance their overall health and
well-being.

3.5.2 | Individualized Approaches

Recognizing the multifactorial and individualized nature of
gout, healthcare providers must adopt personalized manage-
ment strategies. This entails comprehensive assessments that
consider factors such as the type and quantity of alcohol con-
sumed, genetic predisposition, lifestyle habits, and overall health
status. For example, individuals with genetic variants in ALDH2

common in East Asian populations may experience heightened
sensitivity to alcohol's effects due to impaired acetaldehyde de-
toxification [11, 20]. Additionally, patients with a family history
of gout or pre-existing conditions may exhibit an increased sus-
ceptibility to the effects of alcohol on uric acid levels [11, 20].

A Mendelian randomization (MR) analysis investigating al-
cohol's causal role in gout revealed that genetically predicted
weekly alcohol intake does not directly increase gout risk
(p=0.35) or serum uric acid levels (p=0.73) [15]. Conversely,
genetic predisposition to gout was significantly associated
with increased alcohol consumption (p=0.03), suggesting a
behavioral correlation rather than a direct causal relationship.
This was corroborated by a cohort study involving alcohol-
consuming and alcohol-abstaining subgroups, which found
no significant differences in serum uric acid levels within the
gout (p=0.92) and hyperuricemia (p =0.23) groups [20]. These
findings underscore the importance of a multifaceted approach
that incorporates genetic, lifestyle, and dietary factors into
gout management.

Recent guidelines reinforce the importance of moderation. The
European League Against Rheumatism (EULAR) recommends
reducing alcohol consumption, particularly beer, due to its
high purine content and strong association with gout risk [25].
Similarly, the American College of Rheumatology advises limit-
ing alcohol intake regardless of gout activity level [21]. Both em-
phasize lifestyle modifications such as maintaining a balanced
diet, staying hydrated, and managing body weight as essential
components of effective gout care. By integrating these strate-
gies with personalized approaches that consider genetic and en-
vironmental factors, healthcare providers can foster holistic and
patient-centered management.

4 | Discussion

Alcohol consumption plays a significant role in the pathogene-
sis of gout, disrupting the body's biochemical and inflammatory
balance. Its impact extends beyond dietary contributions, with
research highlighting complex interactions between alcohol, ge-
netic predispositions, and epigenetic modifications. For example,
polymorphisms in SLC2A9, ABCG2, and alcohol-metabolizing
genes such as ADH1B, ADH1C, and ALDH2 significantly influ-
ence individual responses to alcohol. These genetic variations
modulate urate metabolism, oxidative stress, and inflammatory
responses, underscoring the necessity for personalized preven-
tion and management strategies.

The interplay between purine metabolism, oxidative stress,
and inflammatory responses forms the foundation of gout de-
velopment and exacerbation. Elevated purine levels from both
dietary sources and alcohol intake can lead to increased uric
acid production, while alcohol-induced oxidative stress further
triggers inflammatory pathways that worsen joint symptoms
(Figure 3). Our synthesis also highlights a clear dose-response
relationship: individuals consuming >3 drinks per day had a
relative risk of 2.64 (95% CI 2.26-3.09) of developing gout com-
pared with occasional drinkers, while even moderate intake of
1 drink/day was associated with increased risk (RR 1.16, 95%
CI 1.07-1.25) (Tables 1 and 2). Likewise, the type of alcohol
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matters—beer consumption contributed the largest increase
in serum urate levels, particularly among women (0.21 mg/
dL per unit), whereas wine showed a smaller effect (0.10 mg/
dL for both sexes). These quantitative findings reinforce the
mechanistic pathways outlined in Figure 2. In genetically
predisposed individuals, these effects are magnified, empha-
sizing the importance of tailoring prevention and treatment
strategies to individual risk profiles.

While studies have consistently shown that abstaining from al-
cohol can reduce the frequency and severity of gout flares, the
relationship between alcohol and gout is not uniform. Alcohol-
induced epigenetic modifications, such as DNA methylation and
histone changes, can alter the expression of genes regulating
urate metabolism and inflammation, reinforcing the need for
multifaceted management approaches.

Pharmacogenomics offers an additional layer of personaliza-
tion in gout management. Understanding genetic variations
may guide the selection of pharmacological treatments, such
as urate-lowering therapies, optimizing their efficacy in ge-
netically susceptible individuals [21]. For example, individuals
with specific variants in ABCG2 may benefit from targeted
therapies that improve urate excretion while minimizing side
effects. Incorporating pharmacogenomic insights into routine
care could allow clinicians to stratify patients not only by urate
levels but also by their genetic ability to metabolize alcohol, en-
abling more precise urate-lowering therapy selection. This high-
lights the importance of integrating genetic insights into clinical
decision-making to enhance therapeutic outcomes.

Ethnicity also plays a crucial role in shaping gout risk, as
shown in our analysis. For example, populations with ALDH2

Alcohol
Consumption

Increases Purine
Synthesis

Decreases Uric
Acid Excretion

—

FIGURE3 |
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| i '
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'“C'::sed.gwswl Signaling Cellular damage
position

Pathways
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inflammation TNF-a Production

Acute gout flare

stress contribute to hyperuricemia and subsequent gout flares. This figure is original and created by the author(s).
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polymorphisms (common in East Asians) have reduced ac-
etaldehyde metabolism, heightening oxidative stress and
alcohol-induced gout risk, while Pacific Islander and Maori
communities carry urate-retaining alleles that exacerbate hy-
peruricemia when combined with alcohol intake. In Southeast
Asia, epidemiological studies report some of the world's highest
gout prevalence rates, particularly in urban male populations,
with alcohol consumption especially beer emerging as a major
modifiable risk factor. Cultural norms around drinking, com-
bined with dietary purine intake, appear to potentiate the effects
of genetic predisposition in these populations [26].

Public health initiatives focusing on education about modera-
tion are critical, but these messages must be refined to consider
genetic, epigenetic, and ethnic factors. For instance, individuals
of East Asian descent, who commonly exhibit ALDH2 polymor-
phisms, may have a heightened sensitivity to alcohol's effects.
Moderation guidelines, such as limiting alcohol intake to one
drink per day for women and two for men, remain valuable
but should be adapted based on individual genetic risk profiles
and cultural contexts. Moreover, different alcoholic beverages
pose varying risks; beer and spirits are associated with higher
gout risk due to their purine and ethanol content, while moder-
ate wine consumption may confer anti-inflammatory benefits
through polyphenolic compounds.

Future research should prioritize large-scale studies integrat-
ing genetic and environmental data to elucidate gene—environ-
ment interactions in gout [5]. Investigating the development of
epigenetic therapies targeting alcohol-induced modifications
could provide innovative solutions for mitigating gout risk [6].
Evaluating the efficacy of personalized interventions that com-
bine pharmacological and lifestyle modifications in reducing
gout incidence and severity is also essential for advancing clin-
ical practice [25].

Healthcare providers should prioritize individualized patient
assessments, considering not only the type and quantity of al-
cohol consumed but also genetic predispositions, pharmacog-
enomic profiles, and overall health status. Educational efforts
should emphasize these complexities, equipping patients with
the knowledge to make informed decisions. By fostering a
deeper understanding of gout's multifactorial etiology, including
the role of genetic, epigenetic, and environmental influences,
healthcare professionals can enhance patient outcomes and im-
prove quality of life.

5 | Conclusion

The relationship between alcohol consumption and gout under-
scores the importance of a multifaceted approach to prevention
and management. Alcohol exacerbates gout pathogenesis through
purine metabolism, oxidative stress, and inflammation, with
these effects further amplified by genetic predispositions and epi-
genetic changes. Personalized management strategies that inte-
grate pharmacogenomics with tailored lifestyle recommendations
offer promising avenues for improving patient outcomes.

Public health campaigns should emphasize moderation while ac-
counting for genetic and cultural contexts, while future research

should prioritize gene-environment interactions and therapies
targeting alcohol-induced epigenetic modifications. Ultimately,
translating these insights into clinical guidelines that combine
education, personalized care, and evidence-based interventions
will be key to reducing the global burden of alcohol-related gout
and improving patients' quality of life.
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ABSTRACT

Introduction: Vitamin D plays a crucial role in modulating the immune system. Numerous studies have elucidated the associ-
ation between low serum levels of vitamin D and autoimmune diseases. Vitamin D deficiency has been implicated in systemic
lupus erythematosus, rheumatoid arthritis (RA), Hashimoto's thyroiditis, juvenile dermatomyositis, inflammatory bowel dis-
ease, among others.

Objective: This study aims to assess the vitamin D levels in a cohort of pediatric patients diagnosed with autoimmune diseases.
Methodology: This descriptive study, complemented with an analytical cross-sectional component, enrolled individuals under
the age of 18 diagnosed with autoimmune disorders who underwent vitamin D assessment. The study spanned from January
2016 to December 2020 and was conducted across three specialized clinics.

Results: Among the 81 pediatric patients with autoimmune pathologies enrolled during the study period, 60 (74.04%) were
female. The mean age of the participants at the time of the study was 9years, ranging from 2 to 17 years old. Of the total cohort,
78 individuals (96.3%) were Latin-American. The most prevalent diagnosis was Juvenile Idiopathic Arthritis (JIA) in 53 patients
(65.43%), followed by autoimmune thyroiditis in 9 patients (11.11%), systemic lupus erythematosus (SLE) in 8 patients (9.88%),
and other conditions in 11 patients (11.11%), including dermatomyositis and celiac disease. Regarding vitamin D levels, the
mean concentration was 24.69 ng/mL. Specifically, 19 patients (23.46%) had sufficient levels (>30 ng/mL), 41 patients (50.62%)
had insufficiency, 20 patients (24.69%) had deficiency, and 1 patient (1.23%) had severe deficiency. No statistically significant
differences were observed between vitamin D levels and sex (p =0.82), age (p =0.88), disease remission (p =0.97), antinuclear
antibody (ANA) value (p =0.78), or season of the year.

Conclusion: Our findings suggest that the currently referenced levels of vitamin D do not exhibit a significant correlation with
disease activity in pediatric patients with autoimmune diseases.

1 | Introduction maintaining calcium-phosphate homeostasis and regulating
bone metabolism. In contemporary understanding, beyond its
Vitamin D, a steroid hormone renowned for its potent im- primary functions, it has been increasingly recognized for its

munomodulatory properties [1], plays a fundamental role in multifaceted roles, including immune system modulation and
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beneficial anti-inflammatory effects in the management of
chronic diseases such as diabetes [2], asthma [3], and rheuma-
toid arthritis [4].

The synthesis of the active form of vitamin D,
1,25-dihydroxyvitamin D (1,25(0H)2D), from circulating
25-hydroxyvitamin D necessitates the enzyme cytochrome
P450 27B1 (CYP27B1). Upon binding to the vitamin D recep-
tor (VDR), a nuclear transcription factor, 1,25(0OH)2D exerts its
actions by interacting with a specific genetic sequence known
as the vitamin D response element (VDRE), located in the pro-
moter region of genes regulated by vitamin D [5].

Vitamin D exerts pivotal regulatory roles in the immune sys-
tem, influencing both innate and adaptive immunity [6]. It
enhances innate immune responses, including antimicrobial
activity and antigen presentation by monocytes/macrophages,
while concurrently suppressing adaptive immune functions
mediated by T and B lymphocytes [7]. Notably, various im-
mune cells express VDR and CYP27B1, suggesting the ca-
pacity of active vitamin D to modulate immune function at
multiple levels [1].

Numerous investigations have underscored the association be-
tween low serum levels of vitamin D and autoimmune diseases
[8], with deficiencies implicated in systemic lupus erythemato-
sus (SLE) [9], rheumatoid arthritis (RA) [10], Hashimoto's thy-
roiditis [11], juvenile dermatomyositis [12], inflammatory bowel
disease [13], among others.

Studies conducted over time have consistently highlighted the
significance of vitamin D in SLE, often identifying a deficiency
in this disease [14-17]. The serum levels of 25-hydroxyvitamin
D (25(0OH)D) are influenced by various factors, including eth-
nic background, ultraviolet B radiation exposure, seasonal
variations, and dietary supplementation [14, 18]. SLE patients,
advised to minimize sun exposure due to photosensitivity and
frequently subjected to prolonged corticosteroid treatment, are
particularly susceptible to 25(OH)D deficiency, compounded by
the risk of renal impairment [19]. Emerging evidence suggests
that vitamin D deficiency may correlate with disease activity,
renal involvement, and clinical manifestations in SLE patients,
given its immunosuppressive effects [20]. Notably, reduced vita-
min D levels have been associated with elevated proinflamma-
tory mediators and heightened disease activity, substantiating
its role as a predisposing factor for rheumatoid arthritis develop-
ment and exacerbation [21].

Numerous global studies have documented high prevalence rates
of vitamin D deficiency and insufficiency among pediatric pop-
ulations [22]. Currently, serum concentrations of 25(OH)D are
deemed the most reliable indicator of vitamin D status, reflect-
ing both dietary intake and cutaneous synthesis [23]. According
to various authorities and scholarly sources, vitamin D status
can be categorized based on 25(0OH)D levels as follows: suffi-
ciency (>30 ng/mL), insufficiency (20-29 ng/mL), deficiency
(<20 ng/mL), and severe deficiency (< 10 ng/mL) [24].

In a study conducted in Paraguay by Acosta et al. (2022), an as-
sociation was made between vitamin D concentrations and the
activity of systemic lupus erythematosus in adult patients. They

found that serum levels of vitamin D equal to or <30 ng/mL are
associated with increased SLE activity [25].

In this study, we assessed the status of 25-OH-vitamin D in chil-
dren with autoimmune pathologies and determined its associa-
tion with clinical variables, laboratory parameters, and disease
activity.

2 | Materials and Methods
2.1 | Patients and Methods

We conducted a descriptive study with an analytical component,
utilizing a cross-sectional design. This study involved patients
under 18years old diagnosed with autoimmune conditions, who
underwent vitamin D testing and received care at three refer-
ence clinics (Hospital de Clinicas, Hospital Central de IPS and a
Private Office), from January 2016 to December 2020.

The following variables were recorded: age, sex, race, place of
origin, and baseline diagnoses. We evaluated the serum con-
centration of 25-OH-VD in the same laboratory, measured at
7:00 a.m., alongside the disease activity at the time of consul-
tation. Plasma levels of 25-OH-VD were quantified using che-
miluminescent microparticle immunoassay (CMIA). The status
of vitamin D was defined as follows, in accordance with values
established by Holick: sufficiency (>30 ng/mL), insufficiency
(20-29 ng/mL), deficiency (<20 ng/mL), and severe deficiency
(<10 ng/mL) [15, 24]. All patients had not received vitamin D
supplementation, and we do not have baseline levels of vitamin
D before the onset of the disease.

The datasets generated during and/or analyzed during the
current study are not publicly available because they contain
personal data of the patients, but are available from the corre-
sponding author on reasonable request.

2.2 | Ethical Considerations

The three principles of bioethics established for research involv-
ing human subjects were respected. Privacy was upheld, and
personal data were not disclosed. Ethical approval was not ob-
tained because it is not necessary in our country for descriptive
studies.

2.3 | Statistical Analysis

Statistical analyses were conducted using Stata version 15.1 soft-
ware, employing descriptive statistics. Comparison of quantita-
tive variables was performed using Student T-Test or ANOVA,
while chi-squared tests were employed for qualitative variables.
A significance level of p <0.05 was considered.

3 | Results

A total of 81 patients under 18 years of age diagnosed with au-
toimmune disorders were included in the study. Among them,
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60 (74.04%) were female. The average age of the patients at the
time of the study was 9years, ranging from 2 to 17years old.
Notably, 78 out of 81 patients (96.3%) were of Latin-American
descent, with 60 out of 81 (74.07%) originating from the
Asuncion and Central regions. Juvenile Idiopathic Arthritis
(JIA) emerged as the most common diagnosis, affecting 53
out of 81 patients (65.43%). Autoimmune thyroiditis followed
with 9 patients (11.11%), then SLE with 8 patients (9.88%).
Other conditions, including dermatomyositis and celiac dis-
ease, were diagnosed in the remaining 11 patients (11.11%)
(Table 1). The evolution time between the onset of the disease
and the dosage of vitamin D in this study varies between 0 and
7years (mean: 4 years), because some patients were included
in the first visit and others had a longer history of the under-
lying pathology.

Regarding treatment, 17 out of 81 (20.99%) patients were re-
ceiving methotrexate, 13 out of 81 (16%) patients were taking
NSAIDs (naproxen or ibuprofen), 10 out of 81 (12.3%) patients
were on biologics (adalimumab or etanercept), 8 out of 81 (9.9%)
patients were prescribed prednisone (6 of them at a dose of 5 mg/
day and 2 of them at a dose of 10 mg/day, at the time of the vita-
min D dosage), 7 out of 81 (8.6%) patients were taking hydroxy-
chloroquine, and 39 out of 81 (48.1%) patients were not receiving
any medication. As for vitamin D levels, the mean concentration
found in these patients was 24.69. Nighteen out of 81 (23.46%)
had sufficient levels equal to or greater than 30 ng/mL, 41 out
of 81 (50.62%) had insufficiency, 20 out of 81 (24.69%) had defi-
ciency, and 1 out of 81 (1.23%) had severe deficiency of vitamin
D, as shown in Table 2.

TABLE1 | Characteristics of study population (n=81).

In terms of laboratory analysis, among the cohort of 81 patients,
34 individuals (41.98%) tested positive for antinuclear antibodies
(ANA), with levels exceeding 1:160 in 20 of these cases (58.8%),
with no statistical difference between the diseases. Disease activ-
ity was observed in 51 patients (62.96%) (using activity scales for
each type of pathology, e.g., SLEDAI-2 k for SLE, JADAS-10 for
JIA, active hypothyroidism or hyperthyroidism in thyroiditis),
whereas 30 patients (37.04%) were in a state of disease remission.

Vitamin D levels showed an inverse correlation with dis-
ease activity parameters, but without statistical significance
(p=0.84); for example, 34 JIA patients with active disease,
of whom 6 patients had more than 30 ng/mL of vitamin D,
and 19 JIA patients without active disease, of whom 4 patients
had more than 30 ng/mL of vitamin D. Additionally, there
was no statistically significant difference found between vita-
min D levels and sex (p=0.82), age (p=0.88), disease remis-
sion (p=0.97), ANA positivity (p =0.78), or season (p =0.84)
(Tables 3 and 4).

TABLE 2 | Vitamin D values (n=281).

Vitamin D (ng/mL) n %

30 or more 19 23.46
20to 29 41 50.62
10 to 19 20 24.69
<10 1 1.23

TABLE 3 | Vitamin D levels in rheumatology patients (n =81).

Vitamin D level (ng/

Variable n % Variable n mL) (median) 4]
Sex Sex
Male 21 25.93 Male 60 24.55 0.82
Female 60 74.07 Female 21 25.1
Ethnicity Age
Latin-American 78 96.30 0to5 21 0.883
German 2 2.47 6to12 30
Arab 1 1.23 More than 12 30
Origin Disease activity
Asuncion and Central 60 74.07 Yes 51 24.53 0.84
Interior 19 23.46 No 30 24.97
Abroad 2 2.47 Remission
Diagnosis Yes 30 24.73 0.97
JIA 53 65.43 No 51 24.67
Lupus 8 9.88 Treatment
Thyroiditis 9 11.11 None 39 24.36 0.75
Others 11 13.58 Yes 42 25
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TABLE 4 | Vitamin D levels in different seasons (n = 81).

Autumn Winter Spring Summer p (0.84)
0-9.99 ng/mL 1
10-19.99 ng/mL 2 7 5 6
20-29.99 ng/mL 7 10 9 15
>30 ng/mL 4 4 4 7

4 | Discussion

Levels of vitamin D can be influenced by various factors, includ-
ing ethnic origin, genetic predispositions, skin types, medica-
tion usage (such as antiepileptics and glucocorticoids), and the
presence of chronic diseases that hinder intestinal absorption
or disrupt the physiological metabolism of vitamin D [24]. In
addition, inadequate exposure to sunlight, which is crucial for
vitamin D synthesis, is another significant risk factor for vita-
min D deficiency; hence, seasonal variations also play a role in
determining vitamin D levels [23, 26]. Age is another recognized
risk factor, with infants being particularly vulnerable to devel-
oping hypovitaminosis [27]. Furthermore, insufficient dietary
intake of vitamin D remains a common cause of deficiency, even
among older children and adolescents, particularly in those who
are overweight or obese [28]. Additionally, as previously men-
tioned, low serum levels of vitamin D have been associated with
autoimmune diseases.

In the southern cone region of South America, de Melo Bacha
et al. [29] found in a retrospective study in Brazil that indi-
viduals aged 0 to 17years had 32.2% of vitamin D deficiency,
while in the Pathogonia region (Argentina) they describe a
prevalence of vitamin D deficiency of 2.8% in children aged 6
to 23 months [30].

According to the findings of our study, the majority of patients
with autoimmune pathology exhibited insufficient levels of
vitamin D, based on the thresholds established by Holick (nor-
mal >30 ng/mL, insufficiency 20-29 ng/mL, and deficiency
<20 ng/mL); specifically, 41 out of 81 patients demonstrated
average vitamin D concentrations between 20 and 29 ng/
mL. These findings are consistent with a study conducted
in Mexico in 2015, which found that patients with JIA had
average vitamin D concentrations of 21.97 ng/mL (indicative
of insufficiency), whereas those with SLE exhibited deficient
values [15]. Similarly, in a cohort of Italian patients with JIA,
the majority also presented with insufficient levels of vitamin
D (80.6%) [31].

The available evidence suggests an association between the
level of vitamin D and RA activity [32]. According to our
study, vitamin D levels exhibited an inverse correlation with
disease activity parameters; however, this association did not
reach statistical significance. This finding aligns with a study
conducted by AlSaleem et al. [14], which demonstrated an
inverse relationship between vitamin D levels and SLE activ-
ity. In accordance with international recommendations, it is

advised to assess vitamin D levels during the winter, spring,
and summer seasons [18].

A study conducted in a pediatric population in Argentina revealed
adequate vitamin D levels during fall and inadequate levels during
other seasons of the year [18]. In our study, inadequate levels of
vitamin D were observed throughout all seasons; however, this
correlation was not statistically significant. Measurements were
conducted during all seasons and at consistent times of the day.

There is increasing evidence that vitamin D supplementa-
tion could enhance the treatment of autoimmune disorders.
Undoubtedly, steroid usage serves as a pivotal factor prompting
the necessity for adequate vitamin D supplementation, given
that steroid administration poses the highest risk of vitamin D
insufficiency [8, 9, 12, 19, 20, 28].

The principal limitations of the present study are the small num-
ber of patients, the absence of a control group, potential con-
founding factors such as differences in disease characteristics,
treatment, dietary habits, sunlight exposure, genetic factors,
and others. However, it is important to note that the reference
values for vitamin D are originating from studies conducted in
adult populations and then extrapolated to pediatric populations;
these values are influenced by age, ethnic origin, gender, season
of the year, and vitamin D supplementation. Therefore, further
global studies should be conducted to obtain more appropriate
values for the pediatric age group and to conduct comprehensive
research on vitamin D levels in children with autoimmune dis-
eases, taking into account the following factors for future studies:

- To perform a more extensive statistical analysis, incor-
porating multivariate analysis to control for confounding
variables influencing Vitamin D levels and disease activity.
To incorporate a healthy control group from the identical
geographic region. Focus on a particular autoimmune
disease, ensuring an adequate sample size. Longitudinal
follow-up to assess the relationship between Vitamin D
levels and the progression of the disease.

5 | Conclusion
We did not find a significant relationship between the vitamin D
levels currently used as reference and disease activity in pediat-

ric patients with autoimmune pathologies.

In the studied population, 76.5% exhibited vitamin D levels
below the normal range.
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Multicenter studies should be conducted in pediatric patients
worldwide, at different ages and genders, times of day, and sea-
sons, in order to evaluate more appropriate values for vitamin D
levels in children.
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Dear Editor,

The term Moyamoya (a Japanese word for “puff of smoke” or
hazy) has been used to describe the cerebral angiographic find-
ings tangled appearance of tiny vessels compensating for the
vascular obstruction [1]. Moyamoya disease (MMD) is consid-
ered a primary disorder of unknown etiology, characterized by
stenotic-occlusive lesions at the bifurcation of the terminal in-
ternal carotid arteries with the presence of a neovascular net-
work nearby creating a “puff of smoke”. In contrast, Moyamoya
syndrome (MMS) refers to MMD associated with other under-
lying disease. Some of these diseases are autoimmune in nature
requiring immunomodulatory medications [2]. A pediatric case
was diagnosed with primary vasculitis of the CNS associated
with Moyamoya syndrome (MMS) and responded to treatment,
so we reflect on the topic. Case report: A previously healthy
7-year-old boy presented with a 6-month history of retro-ocular
and frontal headache, upper limb and face paresthesia, and ep-
isodes of expressive aphasia. He was diagnosed with migraine
headache by his primary care provider and received analgesics
with partial improvement. A month later, he experienced a gen-
eralized tonic-clonic seizure followed by right face and body
hemiplegia. He was hospitalized and started on antiepileptics;
computed tomography of the brain revealed a left frontal isch-
emic infarction vs. central nervous system vasculitis, and he re-
ceived systemic corticosteroids. Three weeks later, he presented
with another seizure; MRI of the brain showed subacute isch-
emic lesions in the right frontal area and a new left lesion in the

premotor cortico-subcortical area. He was eventually referred to
our hospital to continue evaluation and management.

Physical examination showed expressive aphasia, right gaze
deviation, right and left-sided hemiparesis (rated 3/5 and 4/5,
respectively); blood pressure was within normal limits in all ex-
tremities. Routine laboratory work-up showed complete blood
count, electrolytes, and renal function tests within normal
range. Cytochemical, cytological, and microscopical analysis of
the cerebrospinal fluid was unremarkable. MRI reported isch-
emic infarctions in bifrontal cortico-subcortical areas and nar-
rowing of the middle and anterior cerebral arteries (Figure 1).
With a presumptive clinical and imaging diagnosis of central
nervous system vasculitis vs. primary antiphospholipid syn-
drome, the patient was started on intravenous immunoglobulin
(IVIG) 2g/kg and hydroxychloroquine and methylprednisolone
1mg/kg/day. Autoimmune screen (ANA, ANCA and antiphos-
pholipid antibodies) was negative. Electroencephalography
demonstrated slowing of baseline cerebral activity. Cardiac
pathology was ruled out. A cerebral angiography reported left
supraclinoid carotid occlusion, partial segmental occlusion of
the right supraclinoid carotid, and posterior-anterior-lateral col-
lateral circulation through communicating and leptomeningeal
vessel findings compatible with Moyamoya vasculopathy.

Micophenolic acid and anticoagulation were initiated, and five
pulses of methylprednisolone were administered. Improvement
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and further remission of symptoms were achieved after several
years of treatment with immunosuppressants, anticoagulation,
and corticosteroids. Nowadays, the patient goes to school and
lives a normal life.

Primary CNS vasculitis is a non-infectious, inflammatory dis-
ease that involves the small and medium vessels of the brain

FIGURE 1 | Cerebral magnetic resonance imaging (MRI) showing
bilateral narrowing of the internal carotid arteries (arrows) and abnor-
mal vascular networks (arrowheads) confirming a definitive diagnosis
of MMD.

[3]. Our case fulfilled diagnostic criteria with evidence of an ac-
quired neurological deficit, angiographic features of vasculitis
and no evidence of a systemic disease [3]. Importantly, in our
case, Moyamoya angiographic features were found. MMD is a
cerebrovascular arteriopathy characterized by progressive ste-
nosis and occlusion of the distal intracranial internal carotid ar-
teries and proximal branches of the anterior and middle cerebral
arteries. In the past has also known as “Nishimoto-Takeuchi-
Kudo” disease, “spontaneous occlusion of the circle of Willis”
has been suggested as an alternative name [4, 5]. In MMD
pathological analysis has revealed that affected vessels do not
show arteriosclerotic or inflammatory changes leading to vessel
occlusion secondary to hyperplasia of smooth muscle cells and
luminal thrombosis. Interestingly, Lin et al. studied the histo-
pathological findings of 3 autopsy cases in MMD, reporting an
aberrant expression of IgG and S100A4 protein in intracranial
vascular walls suggesting that an immune-related factor may
be involved in the pathogenesis of the disease [6]. Also, in an
autopsy study, scattered macrophages and T-cells were found
in the thickened intima [7]. The long-term outcome of MMD is
poor as inevitable progression occurs in most patients.

MMD is considered a primary disorder of unknown etiology;
in contrast, MMS refers to MMD associated with underly-
ing diseases (1). MMS describes the same vascular changes as
MMD but is associated with acquired or inherited conditions,
including Marfan syndrome, Down syndrome (DS) and sickle
cell anemia, or autoimmune diseases such as systemic lupus er-
ythematosus (SLE) (Table 1). Several cases of MMS have been
associated with SLE [8]. In SLE, evidence suggests that dysreg-
ulation of type I interferon and aberrant neutrophils have key
roles in the pathogenesis of vascular damage [9] with IFN-1
promoting endothelial dysfunction. Recently, CNS involvement
in some monogenic disorders has been emphasized, in which
tissue damage is attributable to inappropriately enhanced type
Iinterferon signaling (interferonopahies) [10]. In these diseases,
CNS vasculitis and MMS have been described [11]. Also, there is
a well-established association between DS and the development

TABLE1 | Comparison of MMD and MMS: clinical features, etiology, and treatment.

MMD Inherited MMS Acquired MMS
Incidence Korea 9.1/100000 in 2008 NR NR
Ethnicity Predominantly Asian No predominance No predominance
(Japan and Korea)
Age Peak 5-14years-old, NR NR
45-54years-old
Pathology Fibrocellular thickening Unknown Unknown
of the intima, smooth
muscle proliferation
Etiology Unknown, mutation MELAS, sickle cell anemia, Turner Lupus, Sjogren, APS, Down syndrome
RNF213 syndrome, Marfan syndrome, (?), Takayasu arteritis, PACNS, anti-
neurofibromatosis, Williams MOG encephalitis, post-infectious?
syndrome, Down syndrome
Treatment Surgical Surgical neurovascularization Steroids, anticoagulation,
neurovascularization immunosuppressants, JAK-inhibitors

Abbreviations: APS, antiphospholipid syndrome; MELAS, Mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes; MMD, Moyamoya disease;

MMS, Moyamoya syndrome; PACNS, primary angiitis of the Central Nervous System.
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of MMS. In DS, the extra copy of chromosome 21 carries four
of the six interferon receptor genes on its long arm, resulting
in an interferonopathy [12]. Santoro et al. report elevated levels
of autoimmune disease in DS with MMS, suggesting a role of
autoimmunity in the angiopathy in this population [13]. JAK-
inhibitors have been used in interferonopathies and DS associ-
ated with immune dysregulation, with promising results [14]. It
is vital to differentiate between MMD and MMS, since MMD
treatment involves neurosurgical revascularization and MMS
could involve enhanced type I interferon signaling, thus requir-
ing immunomodulatory treatment (Table 1). In fact, in MMD,
no medication can inhibit or reverse its progression.

Graf et al. have reported missed or delayed diagnosis of MMD
patients [15]. Our concern is the opposite, patients with MMS
secondary to an inflammatory condition misdiagnosed as MMD.
Our patient was diagnosed with CNS vasculitis associated with
MMS, and the response to immunomodulatory treatment high-
lights the need to differentiate MMD from MMS, particularly
when it is associated with an autoimmune background.

Moyamoya patients should be comprehensively evaluated,
and autoimmune and autoinflammatory etiology should be
considered.
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Dear Editor,

Systemic sclerosis (SSc) is a devastating disease characterized by
impaired immunity, vascular disease, and diffuse fibrosis. One
of the hallmark clinical manifestations of SSc is the emergence
of digital ulcers (DUs), which ensue from progressive vascular
compromise [1]. A substantial proportion ranging from 40% to
50% of SSc patients experience DUs, with recurrence rates fluc-
tuating between 31% and 71% [2]. Recognized risk factors for
DUs development encompass former ulcer history, high skin
scores, earlier age at diagnosis, interstitial lung disease (ILD),
gastrointestinal involvement, and smoking [3].

While empirical evidence does indicate a noticeable influence of
smoking on disease severity, it reveals no significant association
between smoking and the onset of SSc [4]. Conflicting data exist
regarding the precise influence of smoking on digital vascular
pathology [5-8]. In this study, our intention was to analyze the
factors influencing the development of DUs, with particular em-
phasis on its correlation with smoking.

For this study, a cross-sectional evaluation of patients receiving
care from an outpatient rheumatology clinic was carried out.
The study population comprised individuals diagnosed with
SSc who were being monitored at the Division of Rheumatology,
Izmir Katip Celebi University Ataturk Education and Research
Hospital. In total, 86 individuals (18 years of age and older) who
satisfied the 2013 criteria for SSc set by the American College of
Rheumatology/European League Against Rheumatism (ACR/
EULAR) were enrolled in the study between 2020 and 2021 after
giving written informed consent. Clinical and demographic data
collected included information on pulmonary hypertension
(PH), interstitial lung disease (ILD), gastroesophageal reflux

disease (GERD), dysphagia, past and current medical treat-
ments, and smoking status.

DUs were defined as disruptions of the skin epithelium, charac-
terized by discernible depth [9], with particular attention given
to their location distal to the proximal interphalangeal joint. The
occurrence of DUs at the time of enrollment was assessed by ex-
amining physicians (EO), with historical data on previous ulcer
episodes also reviewed.

Smoking history, categorized as nonsmoker, ex-smoker, or cur-
rent smoker, was obtained from the patient at the time of re-
cruitment. Ever smokers and never smokers were delineated for
further analyses. Patients were queried about their daily ciga-
rette consumption, and the number of packs smoked per year
was documented. Heavy smokers were accepted as those who
had smoked for more than 20 pack-years [10].

A right cardiac catheterization-derived mean pulmonary artery
pressure of more than 20mmHg was considered to be PH [11].
ILD was diagnosed by radiologists based on findings from high-
resolution chest computed tomography and/or thoracic com-
puted tomography scans.

The modified Rodnan skin score (mRSS) of patients at the time
of enrollment was evaluated by examining physician (EO).
Patients had been categorized into diffuse or limited SSc sub-
groups according to the Leroy criteria at the time of diagno-
sis [12].

The presence of autoantibodies, including antinuclear an-
tibodies, anticentromere antibodies, antitopoisomerase I
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TABLE1 | The association between demographic characteristics and the development of digital ulcers.
DUs, yes n=32 DUs, no n=54 OR (%95 C.I for ExB) P All patients n=386
Demographics
Follow-up duration from 8.8 (8.0) 7.7 (5.2) 1.028 (0.960-1.100) 0.426 8.1(6.4)
diagnosis, yrs.?
Female 28 (87.5) 52(96.3) 0.269 (0.046-1.562) 0.144 80 (93.0)
Age at diagnosis? 42.4(14.9) 45.3(12.6) 0.984 (0.952-1.017) 0.333 44.2(13.5)
Age, current? 51.2 (14.7) 53.0 (12.3) 0.990 (0.957-1.023) 0.546 52.4 (13.2)
BMI? kg/m?, n="74 26.3 (5.5) 277 (5) 0.946 (0.862-1.039) 0.245 27.2(5.2)
Smokers, ever 15 (46.9) 11 (20.4) 3.449 (1.321-9.004)? 0.011 26 (30.2)
current smokers 5(15.6) 5(9.3) 1.815 (0.482-6.832) 0.378 10 (11.1)
ex-smoker 10 (31.3) 6 (11.1) 3.636 (1.174-11.268) 0.025 16 (18.6)
Disease subtype
dcSSc 13 (40.6) 17 (31.5) 1.489 (0.600-3.698) 0.391 30 (34.9)
1cSSc 19 (59.4) 37 (68.5) 0.672 (0.270-1.668) 0.391 56 (65.1)

Note: All other paramaters are n (%).

Abbreviations: BMI, body mass index; dcSSc, diffuse cutaneous systemic sclerosis; DUs, digital ulcers; IcSSc, limited cutaneous systemic sclerosis.

2mean (SD).

antibodies, and anti-Ul RNP antibodies, was documented.
Among the study cohort, eight patients tested positive for
anti-Ul RNP antibodies and were further classified into lim-
ited or diffuse SSc categories based on the extent of their skin
involvement.

Statistical analysis was conducted using the SPSS software
(version 26.0, IBM Corp., NY, USA). The Shapiro-Wilk test
and histogram tests were employed to assess data distribution.
Quantitative data were presented as both mean and median,
while categorical data were expressed as percentages. Chi-
square analysis and logistic regression was conducted to exam-
ine differences and relationships among DU groups. Statistical
significance was defined as a p value of <0.05.

Among the cohort of 86 SSc patients, comprising predominantly
females (80, 93%) with a mean age of 52.4years (+13.2) and a
mean disease duration of 8.1years (£6.4), 32 patients (37%) had
experienced DUs at some point. Twenty-six (30.2%) patients
were smoked at any time. At the time of enrollment, 14 patients
(43%) presented with DUs, out of 32 patients who experienced
digital ulcers at any point during the study period. Interestingly,
no discernible differences were seen in terms of body mass index
(BMI), disease subtype, current age, or age at diagnosis when
groups were compared based on the existence of DUs at any time
(Table 1).

However, individuals with a history of smoking exhibited
a markedly higher prevalence of DUs (OR 3.449, 95% CI
1.321-9.004, p < 0.05). Digital ulcers were found more frequently
among ex-smokers (OR 3.636, 95% CI 1.174-11.268, p<0.05)
(Table 1). Specifically, among ex-smokers, 50% (7 out of 14) of
patients were heavy smokers, whereas only 11.1% (1 out of 10) of
current smokers had a similar smoking history (Table 2).

TABLE 2 |
current smokers.

Distribution of smoking intensity among ex-smokers and

Ex-smokers Current

Smoking status n=14 smokers n=9
> 20 pack/years 7 (50) 1(11.1)
patients, n (%)

<20 pack/years 7 (50) 8(88.9)

patients, n (%)

There were no notable disparities among the DU subgroups
concerning the cumulative clinical manifestations, except for
GERD. Notably, individuals with a history of DUs exhibited a
heightened likelihood of GERD (OR 2.552, 95% CI 1.018-6.398,
p<0.05) (Table 3).

In this single-center study involving 86 patients, we conducted
an analysis to delineate the disparities between the SSc patients
with and without digital ulcers. Our findings revealed that
smoking plays a role in DUs development.

The literature presents conflicting data regarding the associa-
tion between smoking and vascular complications in SSc, largely
attributed to methodological variations and study heterogeneity
[13]. For instance, in a study of 101 SSc patients, current smokers
were found to be 3-4 times more susceptible to digital vascular
complications than nonsmokers [14]. Similarly, Bertolino et al.
reported smoking as an independent risk factor for amputation
[15]. Furthermore, Hudson et al. showed that there were more
digital ulcers in smokers and a decrease in Raynaud's phenome-
non severity with cessation of smoking [5]. Conversely, Khimdas
et al. found no relationship between smoking and the presence
of DUs [8]. Furthermore, smoking was not associated with an
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TABLE 3 | The association between clinical and radiological features and digital ulcer development.
DUs, yes n=32 DUs, non=54 OR (%95 C.I for ExB) 4] All patients n =386
Cumulative clinical manifestations
Raynoud's phenomenon 31(96.9) 51 (94.4) 1.824 (0.182-18.312) 0.610 82(95.3)
Artralji or arthritis 25(78.1) 48 (88.9) 0.446 (0.135-1.472) 0.185 73 (84.9)
Telangiectasia 15 (46.9) 22 (40.7) 1.283 (0.532-3.098) 0.579 37 (43)
GERD 22 (68.8) 25(46.3) 2.552(1.018-6.398)* 0.046 47 (54.7)
Dysphagia 8(25) 16 (29.6) 0.792 (0.294-2.132) 0.644 24(27.9)
Pulmonary hypertension 2(6.3) 5/52(9.6) 0.627 (0.114-3.439) 0.591 7 (8.3)
(n=284)
mRSS? 16 (14.2) 11.4 (10.7) 1.030 (0.994-1.068) 0.106 13.1 (12.2)
Cumulative radiological manifestations
ILD 15 (46.9) 18 (33.3) 1.765 (0.721-4.322) 0.214 33(38.4)
Esophageal dilatation 11 (34.4) 13/52 (25) 1.571 (0.600-4.114) 0.357 24 (28.6)
(n=84)
Pericardial effusion 8(25) 7/53 (13.2) 2.190 (0.709-6.768) 0.173 15 (17.6)
(n=85)
Antibody status
ANA 28 (84.8) 44 (83) 1.591 (0.455-5.567) 0.468 72 (83.7)
Anti-scl70 13 (40.6) 16 (29.6) 1.625 (0.650-4.061) 0.299 29 (33.7)
Anti-centromer 11 (34.4) 24 (44.4) 0.655 (0.265-1.620) 0.359 35(40.7)

Note: All other paramaters are n (%).

Abbreviations: ANA, antinuclear antibodies; BMI, body mass index; DUs, digital ulcers; GERD, gastroesophageal reflux disease; ILD, interstitial lung disease.

2mean (+SD).

increased incidence of gangrene in individuals with SSc in a sig-
nificant population from the EUSTAR database [7].

When examining smoking intensity in this study, the proportion of
heavy smokers was significantly greater among ex-smokers com-
pared to current smokers (50% vs. 11%). This led us to hypothesize
that the higher frequency of DUs among ex-smokers may be at-
tributed to smoking intensity. Indeed, the Longitudinal European
Scleroderma Trials and Research Group Study involving 3,319
patients corroborated this, revealing a nearly 50% increase in the
odds of DUs among heavy smokers (more than 25 pack-years) [10].

The presence of nicotine and other harmful components found
in cigarettes has been observed to elevate plasma levels of endo-
thelin-1, a potent vasoconstrictor primarily produced by com-
promised endothelial cells. This versatile molecule not only
induces significant vasoconstriction but also stimulates endo-
thelial cell proliferation and fibrotic processes. Recognized as a
pivotal factor in the pathogenesis of Raynaud's phenomenon, en-
dothelin underscores the utilization of anti-endothelin therapies
for its management [16, 17]. Although the hypothesis regarding
the impact of smoking on the development of DUs is consistent
with the underlying pathophysiology, current literature lacks
clarity in delineating the precise correlation between smoking
duration, intensity, and DU incidence.

The study was limited by the small sample size and inconsis-
tent assessment of prior digital ulcer condition by the same

clinician; however, the confirmation of previous digital ulcer
development during patient interviews mitigated this limita-
tion. On the other hand, direct acquisition of smoking history
through face-to-face interviews with patients was one of the
strengths.

Our findings point to a potential connection between smoking
and the development of DUs in SSc patients. Furthermore, the
degree of smoking exposure might also play a role in the oc-
currence of DUs. Further research is warranted to clarify the
fundamental processes and therapeutic ramifications of this
association.
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Dear Editor,

Atlantoaxial rotatory subluxation (AARS) is an uncommon
yet serious complication in juvenile enthesitis-related arthri-
tis (ERA), a subset of juvenile idiopathic arthritis (JIA). While
axial involvement in ERA is well recognized, upper cervical
spine manifestations such as AARS remain sparsely reported.
We present a compelling case of an adolescent male with ERA
who developed symptomatic AARS, emphasizing the need for
heightened clinical vigilance and timely imaging in patients pre-
senting with a persistent neck pain or torticollis.

A 14-year-old boy presented with a six-month history of intermit-
tent neck pain and stiffness. He has now noticed sudden worsen-
ing of symptoms and significant restriction of neck movements
for the last 3days. He also reports experiencing inflammatory
back pain with morning stiffness lasting 30min and left ankle
pain and swelling for the last 2months. There was no history of
trauma or prior infection. Past history is significant for severe
right ankle pain and swelling, with an inability to walk 3years
ago, which was relieved by over-the-counter pain killers, fol-
lowed by frequent recurrences (2-3 episodes per week) occur-
ring till 1.5years thereafter. The patient also had a history of
non-pruritic skin rash over the neck region and bilateral lateral
ankles spreading to the shin region 1year ago, which was treated
with an unknown injectable at a local clinic; however, there was
no personal or family history of psoriasis. There were no com-
plaints of trauma, fever, redness or dryness of eyes or mucosa,
dactylitis, nail changes, cough, Raynaud's phenomenon, blood
in stools, and other peripheral joint involvement. Family history
is not significant for any inflammatory back pain, uveitis, pso-
riasis, inflammatory bowel disease, or autoimmune disorders.

Clinical examination revealed significant torticollis with re-
stricted and painful neck movement in all directions (<20 de-
grees mobility by goniometer) with multiple cervical spinal
tender points; bilateral FABER's test was positive, and tender-
ness in the left ankle joint was noted. Due to significant torti-
collis, assessment of Schober's and lateral lumbar flexion tests
was not possible. A healed hypopigmented rash over bilateral
ankles and shins was observed. Systemic examination was
unremarkable.

Laboratory results revealed a macrocytic anemia with an
Hb of 8.4g/dL, WBC of 6000 cells/mm? with polymorphs at
47.2%, lymphocytes at 34%, eosinophils at 3.7%, basophils at
0.6%, monocytes at 14.5%, platelets at 468000 cells/mm?3, ESR
at 78mm/h, and CRP level at 26.5mg/L, serum creatinine at
0.60mg/dL, SGPT at 10.1IU/L, and a positive HLA B27 (by
PCR). Rheumatoid factor and Anti-CCP antibodies were neg-
ative. Urinalysis did not reveal proteinuria or hematuria. HIV,
HBsAg, HCV, and Mantoux test (2 X 2mm) were all negative.

Plain radiographs revealed anterior C1/C2 subluxation and
bilateral sacroiliitis (Figure 1). MRI of the cervical spine
showed anterior atlantoaxial subluxation along with postero-
lateral subluxation of the dens and mild to moderate joint ef-
fusion with enthesitis of the facet joints at the C2/C3/C4 levels
(Figure 2).

The patient was treated with a combination therapy of intrave-
nous pulse therapy with 500 mg methylprednisolone for 3 days,
Tofacitinib 5mg, and Sulfasalazine 1000 mg twice daily, and
Etoricoxib 60 mg daily for rapid control of symptoms and to
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FIGURE 1 | X-ray of pelvis, AP view and X-ray of neck, AP and
Lateral view. (A) X-ray of pelvis AP view showing bilateral sacroiliac
joint space narrowing (black arrows) suggesting bilateral sacroiliitis.
(B) X-ray of neck, AP view. (C) X-ray of neck lateral view showing ante-
rior subluxation (red arrow) of C1 (atlas) over C2 (axis).

prevent progression of the disease. In view of his aggressive
disease, the option of biological therapy with TNF inhibi-
tors was also offered, but relatives refused it due to financial
constraints. At the 2-month follow-up, examination revealed
a negative Schober's test (5cm), and the finger-to-floor dis-
tance was 25cm. The patient reported no pain or stiffness in
the neck or lower back. Investigations showed HB 9.2g/dL,
WBC 6610 cells/mm?3, platelets 223000 cells/mm?3, ESR
31mm/h, and CRP level 23.7mg/L, S. creatinine 0.53 mg/dL,
SGPT 301IU/L. Close follow-up and observation for his symp-
toms and a possible need for spinal fixation are planned in
case of neurological deterioration, rotational instability on dy-
namic CT/MRI, worsening of cord compression, or recurrence
of symptoms.

1 | Discussion

To our knowledge, this is the first reported case from India of
early Atlantoaxial rotatory subluxation (AARS) in Enthesitis-
Related Arthritis (ERA), a subtype of juvenile idiopathic arthri-
tis (JTA) based on the International League of Associations for
Rheumatology (ILAR) classification criteria [1, 2].

ERA is defined by the International League of Associations for
Rheumatology as >6weeks of arthritis and enthesitis—or one
plus at least two of: sacroiliac tenderness or inflammatory lum-
bosacral pain; HLAB27 positivity; male onset > 6years; acute
anterior uveitis; or familial history of ankylosing spondylitis,
ERA, sacroiliitis with IBD, Reiter's syndrome, or acute anterior
uveitis in a first-degree relative [1, 2].

Cervical spine involvement in JTA is rare; sub-axial lesions are
more common, and C1/C2 involvement is uncommon [3]. AARS
in early ERAJIA is extremely rare and, if untreated, may cause
fusion and radiculopathies [4]. Early axial involvement cor-
relates with worse outcomes and enduring disability into adult-
hood [5]. While few cases exist, its prognostic relevance remains
unclear [6].

Our case emphasizes the importance of recognizing early AARS
in ERA. Usually in ERA, sub-axial lesions are more commonly
reported than C1/C2 lesions. However, identifying early C1/C2

showing facet joint edema and costovertebral enthesitis (yellow arrows) at C2/C3/C4 levels.
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instability is critical to prevent severe complications such as spi-
nal cord compression and neurologic deficits.

The pathophysiology of ERA involves chronic synovial and en-
theseal inflammation, resulting in joint laxity [6]. Differential
diagnoses include infection, polyarticular JIA (RF positive or
negative), systemic JIA, and juvenile psoriatic arthritis. In our
patient, MRI ruled out abscesses or erosions. Chronic relapsing
arthritis without fever, weight loss, or systemic symptoms—and
negative tuberculosis tests—but positive HLAB27, excluded in-
fectious causes. The absence of psoriatic features (nail/scalp in-
volvement, family history), negative anti-CCP and rheumatoid
factor, and lack of C1-C2 pannus (typical in polyarticular JTA)
all supported an ERA diagnosis.

Early cervical spine evaluation in ERA can be overlooked due to
its rarity. Thus, routine cervical imaging—particularly MRI—
should be performed early to prevent progression and neurolog-
ical injury [3].

Management of AARS in ERA involves disease-modifying and
anti-inflammatory therapy. In our case, high-dose glucocorti-
coids and DM ARDs were initiated early to control inflammation
and prevent progression. Regular spinal monitoring is essential
to identify neurological deterioration that may require surgical
intervention to fix the spine by an expert team of pediatric spine
surgeons and anesthetists.

A limitation of this report is the inability to definitively exclude
juvenile psoriatic arthritis. The patient had a skin rash that re-
solved before presentation, but no nail or scalp involvement, no
family history, and no dermatologist or biopsy confirmation of
psoriasis. We did not perform musculoskeletal ultrasonography
for enthesitis, although it was shown to be useful for detecting
subclinical enthesitis in chronic nonbacterial osteomyelitis by
Sener et al. [7] Ideally, dynamic CT of the neck is the modality of
choice to evaluate for AARS; however, it was not performed due
to financial constraints. Hence, ER A remains the most plausible
diagnosis.

2 | Conclusion

Despite its rarity, early AARS in ERA is clinically important.
Comprehensive clinical and radiological cervical assessment,
including prompt MRI, enables early detection and can help
prevent neurological complications. Further prospective studies
are needed to clarify prevalence, natural history, prognosis, and
optimal management of AARS in ERA.
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Dear Editor,

Juvenile-onset overlap connective tissue diseases (OCTDs)
represent a rare incidence of 0.23 per 100000 children's years
and a heterogeneous group of autoimmune conditions distinct
from their adult counterparts, both in clinical presentation and
long-term outcomes [1]. These include combinations of sys-
temic lupus erythematosus (SLE), systemic sclerosis (SSc), and
inflammatory myopathies, with SLE being the most frequent
phenotype [2]. Overlap between juvenile SLE and SSc is partic-
ularly rare, with limited case reports in the literature [3-5]. This
report describes a rare case of juvenile-onset diffuse cutaneous
SSc evolving into an overlap syndrome with SLE after 7years
of disease onset and had an aggressive and difficult-to-control
disease course. Our objective is to emphasize the diagnostic
and therapeutic challenges posed by this evolving phenotype,
especially in the context of conflicting treatment paradigms
and complications such as pulmonary hypertension and lupus
nephritis.

A 20-year-old female presented with a history of Raynaud's phe-
nomenon since the age of 14, without developing gangrene or
digital ulcers. At the age of 16, she developed salt-and-pepper
pigmentation over the upper and lower limbs, which later spread
to the entire body. She developed progressive skin thickening
over the face and limbs, restricted mouth opening, and exer-
tional dyspnea (MMRC grade 2) without cough, chest pain, or
orthopnea. Occasional polyarthralgia involving the small joints
was noted. She was diagnosed with dcSSc. High-resolution CT
(HRCT) of the thorax showed no evidence of interstitial lung dis-
ease (ILD), and 2D echocardiography (ECHO) revealed a right
ventricular systolic pressure (RVSP) of 30 mmHg. She was initi-
ated on tadalafil, with clinical improvement over the following

year. The modified Rodnan skin score (mRSS) improved from
6/51 at presentation to 0/51 1year later.

After 15months of treatment for SSc, she developed new-onset
hyperpigmented skin lesions over both pinnae, which were only
partially responsive to low-dose oral prednisolone. Additionally,
she experienced daily high-grade intermittent fever, new-onset
painless oral and palatal ulcers, non-scarring alopecia, and fa-
tigue with unintentional weight loss of three kilograms over
3months. There was no history of renal involvement, hyper-
tension, sicca symptoms, gastrointestinal, or neuropsychiatric
complaints. She denied prior blood transfusions or history of
jaundice.

On examination, she had pallor and bilateral subcentimetric,
non-tender axillary lymphadenopathy. There was generalized
non-scarring alopecia and a discoid lupus rash over both pinnae,
preauricular, and postauricular regions, with surrounding areas
of hypopigmentation. Mouth opening was restricted to two-
finger breadths, and there were multiple superficial buccal mu-
cosal ulcers along with a single palatal ulcer (Figure 1). The skin
over the limbs and trunk showed salt-and-pepper pigmentation.
Neuromuscular examination revealed subtle neck and proximal
thigh muscle weakness. Mild hepatosplenomegaly was present.
Pulmonary function tests showed a reduction in lung volumes
compared to baseline; however, HRCT thorax did not show ILD,
though 2D ECHO showed an increase in RVSP to 46 mmHg.

Immunological workup revealed a 4+ positive anti-nuclear
antibody (ANA) with homogeneous and coarse speckled pat-
terns, and extractable nuclear antigen (ENA) panel showed
positivity for double-stranded DNA (dsDNA), Ku, and UIRNP.
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FIGURE1 | (A) Salt and pepper pigmentation of the skin, (B) palatal ulcer, (C) discoid lupus rash over the pinna and pre auricular areas with
surrounding hypopigmentation, and (D) resolving discoid rash following treatment initiation.

Complement levels were low, and IgG anti-cardiolipin antibody
was positive in moderate titers. Liver function tests showed a
mildly elevated aspartate transaminase (AST) level, while
other muscle enzymes were within the normal range. Urine ex-
amination showed 4+ proteinuria with active sediments, and
the spot urine protein-to-creatinine ratio (UPCR) was 148/151,
and 24-h urine protein was 1.09 g (Table 1). Serum creatinine
was normal at 0.28 mg/dL. Given the presence of significant
proteinuria, a renal biopsy was performed, which showed
class I lupus nephritis with a full-house immunofluorescence
pattern.

Considering severe disease features, including lupus nephritis,
pulmonary hypertension, and a high SLEDAI-2K score of 33,
she was initiated on the NIH cyclophosphamide (CYC) regimen.
Prednisolone was maintained at a dose of 10mg/day, and tel-
misartan was continued. She showed significant improvement
in skin lesions and became afebrile after two doses of CYC.
However, she later developed recurrent fever and new onset chest
pain. Echocardiography and CT revealed moderate pericardial
effusion and mild bilateral pleural effusion. Her RVSP had wors-
ened to 64mmHg. CRP was elevated, but workup for infection
was negative. Prednisolone was increased to 12.5mg/day, and
tacrolimus and ambrisentan were added while continuing NTH
CYC. However, she had recurrent culture-positive urinary tract
infections; hence, tacrolimus was withheld. Due to persistent
low-grade fever and cytopenia, the prednisolone dose was hiked
to 0.5mg/kg/day. Currently, she is stable on monthly cyclophos-
phamide and low-dose prednisolone.

Although observational studies suggest that juvenile OCTDs
have a somewhat more favorable overall prognosis compared
to juvenile MCTD [2], our case demonstrates that patients can
present with a severe disease spectrum when two high mor-
bidity phenotypes such as dcSSc and SLE coexist. Juvenile SLE
is known to be more aggressive than adult-onset disease, with
higher disease activity scores and early and damage accrual
[6], while juvenile-onset dcSSc itself is associated with worse
outcomes compared to limited cutaneous disease [7] and has
greater cardiopulmonary involvement, consistent with the find-
ings in our patient.

The therapeutic complexity of this overlap syndrome was fur-
ther magnified by the risk of scleroderma renal crisis associated
with high-dose glucocorticoid therapy, the standard first-line
treatment for proliferative lupus nephritis. Although renal bi-
opsy revealed only class IT lupus nephritis, significant protein-
uria and active urine sediments raised concern for proliferative
disease, prompting early initiation of NIH CYC. But the patient
subsequently developed pleuropericardial effusions and worsen-
ing pulmonary hypertension, necessitating additional immuno-
suppressive agents like tacrolimus, but later discontinued due
to recurrent infections, which are a common complication in
heavily immunosuppressed patients.

This case underscores the need for continuous re-evaluation in
juvenile-onset connective tissue diseases due to the potential for
phenotypic evolution. Overlap syndromes between SLE and SSc,
though rare in children, pose significant therapeutic challenges
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TABLE1 | Biochemical and immunological investigations.

Investigations

Value

Normal range

Hemoglobin

Total leukocyte count (differential
count)

Platelet count
Peripheral blood smear
Corrected retic count
Serum creatinine
Serum bilirubin (total/direct)
Total protein/albumin
AST/ALT
C reactive protein
ESR
Lactate dehydrogenase
Serum ferritin
IgG/IgM
ANA
ENA
C3/C4
Anti-dsDNA
IgG anticardiolipin antibody
24-h urine protein
Direct/indirect Coomb's test
Pulmonary function tests
FEV1
FvC
DLCO

7.5g/dL

3130/mm3 (N, L. E

60730 M7)

3

1.97 lakhs/mm?3
Normocytic normochromic RBCs
2.4%

0.28 mg/dL
0.2/0.04mg/dL
5.35/1.78 g/dL
37/51U/L
0.48 mg/dL
76 mm/h
368 U/L
175 mcg/L
1080/37 mg/dL
4+ homogenous and coarse speckled
3+ dsDNA, U1RNP, nucleosome, histone
46.2/3.7mg/dL
>300IU/mL
40.1mg/dL
1090 mg
Positive/Negative
July 2023
2.03L, 71%
2.39L, 73%
4.01L, 46%

14-18g/dL (M),12-16 g/dL (F)
4000-11000/mm?>

1.5-4.5 lakhs/mm?
NA
NA
0.6-1.3mg/dL
0.1-1.2/<0.3mg/dl
6.0-8.3/3.5-5.0g/dL
0-351U/L
<5mg/L
0-20mm/h (M), 0-30mm/h (F)
125-220U/L
24-336 mcg/L (M), 11-307 mcg/L (F)
700-1600/40-230mg/dL
Negative
Negative
60-120mg/dL/15-25mg/dL
<10IU/mL
Negative
<150mg
Negative
November 2024
1.69L, 67%
2.0L, 66%
3.01L, 46%

Abbreviations: ALT, alanine transaminase; ANA, anti nuclear antibody; AST, aspartate transaminase; DLCO, diffusion capacity for carbon monoxide; dsDNA, double
stranded deoxy ribonucleic acid; ENA, extractable nuclear antigens; ESR, erythrocyte sedimentation rate; FEV1, forced expiratory volume in 1s; FVC, forced vital

capacity.

where treatment for one condition can worsen the other. The
emergence of newer biologic and cellular therapies offers hope
for targeted treatment and long-term disease control in such
complex cases [8].
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Dear Editor,

Antiphospholipid syndrome (APS) is an immune-mediated pro-
thrombotic state disorder characterized by circulating APS anti-
bodies (APS-Ab) that activate endothelial cells, leukocytes, and
platelets to induce thrombosis [1]. Diagnosis requires at least
one clinical criterion and one APS-Ab detected on >2 occasions
at least 12weeks apart. APS-Ab include either anticardiolipin,
lupus anticoagulant, and/or beta-2 glycoprotein [1, 2].

Catastrophic APS (CAPS) is a rare, severe manifestation of
APS characterized by rapid, widespread thrombosis in mul-
tiple organs, often triggered by infection, trauma, or surgery
[3]. Diagnosis of CAPS includes thrombi in >3 organs within 1
week, histopathological confirmation of small vessel occlusion,
and APS-ADb positivity [4].

Seronegative (SN) CAPS is a recognized but rare variant lack-
ing detectable APS-Ab. It remains a diagnosis of exclusion but
carries significant mortality [4]. Herein, we present a case of se-
ronegative CAPS.

1 | Case Presentation
A 55-year-old female with seropositive rheumatoid arthritis on

disease-modifying therapy and prior transcatheter aortic valve
replacement presented with hypotension, lactic acidosis (peak

9.2mmol/L), and elevated troponin (peak 12,585 ng/L). She
was treated empirically for septic versus cardiogenic shock with
vasopressors, broad-spectrum antibiotics, and heparin infu-
sion. Blood cultures grew group A streptococcus. Transthoracic
echocardiogram demonstrated severely reduced left ventricular
ejection fraction of 20%, patent foramen ovale, and no valvular
vegetations. Her clinical course improved, and vasopressors
were weaned.

On hospital day 5, she developed acute dysarthria and left facial
droop. Brain MRI showed diffuse embolic shower with multiple
ischemicinfarcts (Figure 1). CTA of the head and neck confirmed
multiple scattered bilateral acute ischemic infarcts without large
vessel occlusion or mycotic aneurysm. She also developed acute
bilateral upper and lower extremity pain with associated ne-
crotic skin changes. Low-dose vasopressors were restarted for
hypotension, and she was transferred to our tertiary care cen-
ter. Upon arrival, heparin infusion was discontinued given low
suspicion for acute coronary syndrome and risk of hemorrhagic
conversion in the setting of acute stroke. Transesophageal echo-
cardiogram was negative for valvular vegetations or thrombi
and confirmed patent foramen ovale. Venous and arterial du-
plex ultrasounds of bilateral carotid, lower, and upper extremi-
ties were negative for acute or chronic thrombi.

On hospital day 6, hematology was consulted for a hypercoagu-
lable workup in the setting of arterial thrombi and evaluation of

Abbreviations: APS, Antiphospholipid Syndrome; APS-Ab, Antiphospholipid Antibodies; CAPS, Catastrophic Antiphospholipid Syndrome; DIC, Disseminated
Intravascular Coagulation; DITP, Drug Induced Thrombocytopenia; HIT, Heparin Induced Thrombocytopenia; IVIG, Intravenous Immunoglobulin; PF, Purpura
Fulminans; SN-CAPS, Seronegative Catastrophic Antiphospholipid Syndrome; TTP, Thrombotic Thrombocytopenic Purpura.
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FIGURE1 |

Magnetic Resonance Imaging Head.

thrombocytopenia. Labs revealed moderate thrombocytopenia
(platelet nadir 35 K/mcL, Table 1), prolonged protime (15.5 s),
and partial thromboplastin time (46 s). Schistocytes were pres-
ent on the peripheral smear. Subsequent workup demonstrated
low-detectable haptoglobin (47 mg/dL), elevated LDH (1128
units/L), normal total bilirubin (0.4 mg/dL), and normal fibrin-
ogen (283 mg/dL). Anticardiolipin, beta-2 glycoprotein, lupus
anticoagulant, and heparin-induced platelet Ab were negative.
ADAMTSI13 activity was 89%, protein C functional activity
120%, and protein S functional activity 71%, all within normal
limits. Anti-nuclear Ab was positive with a titer of 1:320 and a
speckled pattern; rheumatoid factor was normal (11 IU/mL), and
anti-cyclic citrullinated peptide was elevated (59 U). Pathology
from the right acral skin biopsy showed epidermal necrosis with
organized fibrin thrombi in deep dermal vessels.

Given the high clinical suspicion for SN-CAPS, heparin in-
fusion was restarted on day 6 despite the risk of hemorrhagic
conversion of known infarcts. She received 3days of intrave-
nous methylprednisolone 1000 mg and 2days of intravenous
immunoglobulin (IVIG) 1 g/day with improvement in platelets
(Table 1). On day 9, hemoglobin acutely worsened from hemo-
globin 9.0 g/dL to 7.3 g/dL (Table 1), and heparin infusion was
held due to concerns for bleeding. The platelet count continued
to improve. An interval CT head from earlier that morning did
not demonstrate evidence of hemorrhagic conversion. The pa-
tient developed worsening shortness of breath and eventually
became bradycardic and unresponsive with fixed, dilated pu-
pils and an upward right gaze. After discussion with her family,

the patient was transitioned to comfort care and died shortly
thereafter.

2 | Discussion and Conclusions

Our patient met CAPS diagnostic criteria: multiorgan thrombo-
sis, histopathological confirmation, and rapid onset. However,
APS-ab were absent, leading to consideration of SN-CAPS. The
differential included heparin-induced thrombocytopenia (HIT),
disseminated intravascular coagulation (DIC), purpura fulmi-
nans (PF), thrombotic thrombocytopenic purpura (TTP), and
drug-induced thrombocytopenia (DITP). Although she was at
intermediate risk for HIT based on the 4Ts score, the abrupt de-
cline of platelet count on day 1 of hospitalization, with no known
previous or recent exposures to heparin, lowered our suspicion.
DIC was less likely due to normal fibrinogen. With normal pro-
tein C activity and fibrinogen, PF was thought to be unlikely
despite evidence of thrombosis and rapidly progressive purpura.
TTP was ruled out in the presence of normal ADAMSTS13.
DITP secondary to antibiotics is a possible explanation but also
less likely due to limited exposure initially and would not ex-
plain concurrent arterial thrombi.

SN-CAPS is a diagnostically challenging, life-threatening con-
dition. Absence of APS antibodies may be due to consumption
during the prothrombotic period and subsequent thrombo-
occlusive episodes [4-6]. There are also emerging “non-criteria”
Ab associated with APS; however, due to limited availability
of standardized assays and clinical relevance, they are not rou-
tinely tested for. Further investigation of these antibodies may
help elucidate variability in the clinical presentation of SN-
CAPS and better risk stratify patients [1, 2, 7].

Current guidelines recommend “triple therapy” with anticoag-
ulation, glucocorticoids, and plasma exchange, in addition to
addressing the underlying trigger [3, 8]. Anticoagulation with
heparin is considered the mainstay of CAPS treatment, and glu-
cocorticoids are the most commonly used anti-inflammatory
drug. Although plasma exchange is recommended and has
grade 2C evidence (American Society for Apheresis), hemo-
dynamic instability at presentation limited our ability to offer
this [9, 10]. IVIG may also effectively downregulate the CAPS
inflammatory response [9]. Other second-line agents include
rituximab (anti-CD20 monoclonal Ab) and eculizumab (anti-C5
monoclonal Ab) [3, 8]. Despite initiating anticoagulation, gluco-
corticoids, and IVIG, our patient ultimately declined.

This case underscores the importance of considering SN-CAPS
in the differential of patients with multiorgan thrombotic events,
even when APS-Ab are absent. The diagnostic challenges inher-
ent in SN-CAPS can delay appropriate management, and despite

TABLE1 | Hemoglobin and Platelet Trends.
Day 0 Day1 Day 2 Day 3 Day 4 Day5 Day 6 Day 7 Day 8 Day 9
Hemoglobin (g/dL) 11.8 9.8 8.7 7.7 9.3 8.7 7.6 9.6 9.0 7.3
Platelet (K/mcL) 292 163 112 78 35 40 46 68 100 112
20f 3 International Journal of Rheumatic Diseases, 2025



the initiation of treatment, prognosis can be poor, as observed
in this case. Timely recognition based on clinical criteria and
exclusion of other thrombotic microangiopathies remains cru-
cial for potentially improving outcomes in this rare and life-
threatening condition.
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ABSTRACT

Objective: Acute gout flares (AGF) are a significant burden to healthcare systems globally, due to the prolonged length of stay
(LOS). The study's aim was to audit patients admitted to our facility with AGF, then re-audit after the introduction of interleu-
kin-1 receptor antagonist anakinra in select patients to assess whether it would result in a reduced LOS.

Methods: A single-center retrospective audit was conducted on 62 hospitalizations for AGF in 2019 that met inclusion criteria.
Data on patient demographics, comorbidities, and clinical parameters (number of joints involved, C-reactive protein (CRP), urate
levels, and tophi) were analyzed using multivariable Poisson regression models to determine predictors of LOS. We then com-
pared patients that received anakinra in 2020 (n = 7) with a historical control group (n=13).

Results: The average LOS in 2019 for AGF was 3.36days (1.22-4.28). CRP, prior use of allopurinol, and impaired mobility levels
were significant predictors of prolonged LOS, with respective coefficients of 0.0036 (95% CI: 0.0023-0.0050, p <0.0001), 0.321
(95% CI: 0.043-0.599, p=0.023), and 0.708 (95% CI: 0.416-1.000, p <0.0001). When CRP was treated as a controlled variable,
patients treated in 2020 with anakinra demonstrated a 0.493-day reduction in LOS compared to the control group, which was
statistically significant (p =0.043).

Conclusion: CRP levels, allopurinol use, and impaired mobility are key predictors of prolonged LOS in AGF. Although the use
of anakinra shows promise in reducing LOS and costs, larger studies are needed to confirm its efficacy.

1 | Introduction options, the length of stay (LOS) for patients admitted with acute

gout remains a critical concern. The average LOS in Australian

Gout, the most common form of inflammatory arthritis, is char-
acterized by recurrent episodes of acute arthritis resulting from
monosodium urate (MSU) crystal deposition in joints and peri-
articular tissues. It has emerged as a public health issue, with
acute flares often leading to hospital admissions. In Australia,
the incidence of hospitalizations associated with an acute gout
flare is increasing, with 1 gout episode per 1000 total hospital
admissions [1]. Although there have been advances in treatment

hospitals in 2021-2022 for patients with a primary diagnosis
of gout was 5.1days, in keeping with international studies that
have noted LOS ranges of 3-5days [1-3].

Despite this, few studies have specifically analyzed factors as-
sociated with LOS in hospitalized gout patients, and those that
have primarily focus on patient-related factors rather than the
severity of the gout flare itself [2-6]. A 2012 abstract presented at
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Summary

« The main predictors of extended LOS for gout patients
in this audit were found to be significantly increased
CRP levels, previous use of urate-lowering therapy,
and mobility impairment.

Interleukin-1 inhibition using anakinra may be a
promising adjuvant therapy for patients admitted to
the hospital for severe or refractory gout flares.

High CRP levels may point to the appropriateness of
starting advanced anti-inflammatory treatment, such
as anakinra, at an earlier stage to prevent complica-
tions of impaired mobility, prolonged hospitalization,
and prolonged high inflammatory state.

the American College of Rheumatology and the Association for
Rheumatology Health Professionals Annual Meeting found that
a delayed diagnosis of gouty arthritis and female sex were asso-
ciated with an increased LOS at their institution [4]. Similarly,
Singh and Yu, who used United States (US) National Emergency
Departments (ED) Sample data to search for gout admissions
from EDs across the US, identified that older age, renal failure,
heart failure, diabetes, or osteoarthritis were associated with a
longer LOS [2].

Understanding the factors associated with increased LOS in pa-
tients hospitalized with acute gout flares can help to tailor indi-
vidual treatment plans based on the presence or absence of both
patient-related and gout flare-specific factors associated with
an increased LOS. Current treatment options for an acute gout
flare include nonsteroidal anti-inflammatory drugs (NSAIDs),
colchicine, corticosteroids (either systemic or through local in-
jection), and interleukin-1 (IL-1) inhibitors.

IL1, an inflammatory cytokine, plays a key role in the inflamma-
tory response associated with an acute gout flare [7]. Anakinra,
an IL-1 receptor antagonist, has shown success in managing
acute gout flares, serving both as an effective treatment option
and as an alternative for patients with comorbidities, such as pa-
tients with diabetes or chronic kidney disease [8-18].

Pharmacologically, anakinra reaches its peak concentration
within 3-7h, and it demonstrates faster efficacy than other treat-
ments, with significant reductions in pain typically observed by
48h. In an analysis of 72 published cases with data on the time-
frame to improvement, 41 (57% reported) reached significant
improvement after 24 h, and 62 (86% reported) after 48h [8-18].
Janssen et al. [15], in a randomized-controlled trial, showed that
anakinra was noninferior to usual treatment with regard to re-
ductions in mean pain scores on Days 2-4 of treatment during
an acute gout flare, but by Day 3 there was a significant differ-
ence in favor of anakinra, with more patients achieving a > 50%
decrease in mean pain scores (odds ratio [OR] 2.56; 95% confi-
dence interval [CI], 1.03-6.37; p=0.04).

The most common dosage of anakinra is 100mg/day adminis-
tered subcutaneously for 3-5days, and at this dose, it appears to
be as safe as other treatments used to manage acute gout flares.
Janssen et al. [15] recorded 15 adverse events among 43 patients

treated with anakinra, all of which were nonsevere, compared
to 21 adverse events in 45 patients in patients who received con-
ventional treatment (NSAIDs, corticosteroids, or colchicine).
Furthermore, Thueringer et al. reported safely using anakinra
to treat acute gout flares in critically ill patients with severe in-
fections and included patients requiring renal replacement ther-
apy [10].

Campbelltown Hospital is a major metropolitan hospital located
in the Macarthur region of New South Wales, Australia, with
a catchment of 324,000 people. As of February 2020, anakinra
cost Campbelltown Hospital $53 per 100 mg syringe, compared
to $0.22 per colchicine 500ug tablet, $2.22 per vial of methyl-
prednisolone acetate 40 mg for injection, $0.10 per prednisolone
25mg tablet, and $0.05 per indometacin 25mg capsule. In con-
trast, the approximate cost per night for a gout-related hospital
admission was $1904. Therefore, while costs relative to other
treatments may limit its use in the community, the evidence that
anakinra may act faster at inducing remission would make its
use in hospitalized patients favorable and cost-effective. Despite
this, there is currently no published data on the effect it has on
hospital LOS in patients with acute gout flares.

The purpose of this study was to audit the inpatient LOS and
management of patients admitted to Campbelltown Hospital in
2019 with an acute gout flare as the primary reason for hospital
admission. The study aimed to identify factors associated with
an increased LOS at our institution to help guide clinical deci-
sions regarding which patients may benefit from more intense
therapy. The study also aimed to identify whether anakinra was
an appropriate management option alongside conventional ther-
apy for treatment of an acute gout flare in select hospitalized
patients.

2 | Patients and Methods

The retrospective aspect of this audit was conducted at
Campbelltown Hospital over a 12-month period, from January
2019 to December 2019. All patients admitted to the hospital for
an acute gout attack were included in the study.

Eligible participants were identified through an International
Classification of Diseases (ICD)-10 code search of discharge
summaries using gout-specific codes where gout was the pri-
mary diagnosis for the admission. A retrospective review of the
electronic and laboratory results was performed. Patients were
excluded if they developed an acute gout flare while in hospi-
tal for another primary diagnosis. Patients were also excluded if
they were admitted with complications of gout unrelated to an
acute flare, including patients admitted with an infected tophus
or joint and patients admitted for an elective gout-related surgi-
cal procedure such as tophi removal. If a patient had multiple
admissions for acute gout flares, each admission was analyzed
as a separate case. Patients who were classified as having two
separations of admission but had not left hospital were counted
as only one admission.

The length of hospital stay was calculated from date and time
of admission to date and time of discharge, as recorded in the
electronic medical record. The number of joints affected was
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calculated based on the clinical description of joints involved
and treated as a continuous variable. It was also categorized
into monoarticular (one joint), oligoarticular (two to four joints),
or polyarticular (five or more joints) flares. The presence of
tophi, as described in the clinical notes, was also noted. Use
of NSAIDs, colchicine, and systemic steroids, as well as intra-
articular steroids, was recorded, as was the use of urate low-
ering therapy (ULT) prior to admission. Nursing documented
pain scores, which are a subjective numerical rating from 0 to 10
(with 10 indicating the most severe pain), were recorded. Serum
C-reactive Protein (CRP) and urate levels, and results of any ar-
throcentesis, were documented. Co-morbidities, including dia-
betes, ischaemic heart disease, heart failure, and chronic kidney
disease, were also recorded.

Additional factors thought to have the potential to increase
length of stay for reasons unrelated to the severity of the flare
were also collected. Mobility assessments by physiotherapists
or other allied health professionals were recorded, and patients
were classified as having impaired mobility if it was docu-
mented that they were below their baseline level of mobility and
required more time in hospital owing to this fact. If the patient
was discharged prior to any allied health assessments, they were
classified as having no mobility impairment. The presence of
support people at home was also recorded, and patients were
classified as either home alone or home with support (including
those residing in aged care facilities).

Upon completion of the initial audit, a change to practice was
made to include the use of anakinra as an add-on therapy in
addition to conventional therapies in selected patients admit-
ted to our facility with an acute gout flare in 2020 onward.
It is important to note that not all patients admitted with a
gout flare were given anakinra. The decision to use anakinra
was made at the attending physicians' discretion. Reasons for
using anakinra were based on the perceived severity of the
flare and were influenced by the number of joints involved,
inflammatory markers, and mobility impairment. Patients’
comorbidities were also considered, as was failure to respond
to usual treatments either during hospitalization or prior to
admission. For the purposes of this audit, data collection in-
cluded patients treated with anakinra through to April 2021.
Anakinra was given subcutaneously at a daily dose of 100 mg.
No routine screening for latent infections was performed prior
to the use of anakinra. Similar data to the original audit was
collected from these patients prospectively, as well as dates
and number of doses of anakinra. To measure whether anak-
inra resulted in any difference in LOS, the senior rheumatolo-
gist in the department, who was responsible for inpatient care
in both 2019 and 2020, was presented with deidentified data
from the 2019 group. The rheumatologist was blinded to the
actual LOS and asked which patients he would have chosen
to treat with anakinra had it been available at the time, based
on the patient characteristics including CRP levels, mobility
impairments, and joint count.

All statistical analyses were performed using Minitab for
Windows version 21.1.0. To assess factors associated with an
increased LOS, Spearman's rank correlation coefficient (r)
was used to assess for significant correlation using an initial

univariable Poisson regression model (LOS data did fit the
Poisson model (p=0.001)). The level of significance (alpha)
was set to 0.05. Subsequently, a multivariable Poisson regres-
sion model was created with all predictors that were signifi-
cant or tended towards significance (p <0.15), and backwards
elimination was used to assess for significant factors associ-
ated with LOS. For the anakinra subgroup, further analy-
sis was completed by combining both the pre-anakinra and
anakinra cohorts and performing multivariable analysis using
a Poisson regression model with anakinra included as a co-
variate. Missing data were replaced using mean substitution,
which included 11 missing serum urate levels and 9 missing
nursing documented pain scores. Student ¢-tests were used for
continuous variables, and the chi-squared test was used for cat-
egorical variables.

This audit was undertaken as a quality improvement activity by
employees of the organization, and approval from the Quality
Manager of the facility was granted. A formal ethics review was
not required.

3 | Results

Over the initial 12-month period of the 2019 audit, 75 individ-
ual acute hospital admissions for gout were identified. Nine ep-
isodes were excluded as they were not classified as gout flares,
and four additional episodes were excluded as they were differ-
ent separations of the same admission. This resulted in a final
cohort of 62 separate hospital admissions for an acute gout flare
as the primary diagnosis in 2019, with a mean LOS of 3.36days
(1.22-4.28) and a median of 2.40days (Figure 1). Four patients
(6%) were readmitted during the study period with recurrent
gout flares.

The average age of patients was 67.45years (95% CI, 63-72), and
76% of patients were male. 29% of patients were on ULT prior to
admission (allopurinol in all cases), and 29% had documented
presence of tophi, as represented in Table 1. 34% had diabetes,
48% had chronic kidney disease, 39% had a history of ischemic
heart disease, and 23% had a history of heart failure. Twenty-
nine percent were classified as having an acute mobility im-
pairment during their admission, and the majority (77%) had
support people at home.

The mean CRP level was 109.5mg/L (95% CI, 86.8-132.3), and
mean serum urate levels at admission with an acute flare of gout
were 0.48 mmol/L (95% CI, 0.34-0.60), with 42% of patients hav-
ing a urate level within the normal range. The mean number
of joints involved was 2.6 (95% CI, 1.9-3.2), and the majority of
flares were monoarthritis (52%), followed by oligoarthritis (27%)
and polyarthritis (21%). The mean nursing-assessed pain score
on the day of admission was 6.1 (95% CI, 5.3-6.9).

Twenty-nine patients underwent arthrocentesis during their
admission, with 28 aspirates confirming the presence of MSU
crystals. Despite this, only two patients received intra-articular
steroid injections. A vast majority (79%) of patients received oral
corticosteroids during their admission, whereas 37% received
colchicine and 18% received NSAIDs.
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75 individual
admissions identified

2 excluded as they were
admissions for tophi
removals

4 excluded as they were
different separations of
the same admission

1 excluded as the
diagnosis was calcium
pyrophosphate crystal

deposition disease

2 were excluded as they
were infected tophi
requiring surgical
management

2 were excluded as they
were for septic arthritis

2 were excluded
because gout was not
the primary diagnosis

62 separate episodes
with a mean LOS of
3.36 days, and a median
of 2.35 days

FIGURE1 | Patient flowchart.

Among the 34 episodes without an aspirate confirming the pres-
ence of MSU crystal during their admission, 10 had previous
aspirate results available on our electronic pathology records
that confirmed MSU crystal deposition, and another 10 had the
presence of tophi documented on clinical examination. This
left 14 patients without laboratory or clinical confirmation of
MSU deposition. Of these 14 patients, nine had elevated serum
urate, and two were treated with allopurinol prior to admis-
sion. In total, 10 of these patients met the American College of
Rheumatology (ACR)/European League Against Rheumatism
(EULAR) Gout Classification Criteria [19] based on the avail-
able clinical information.

Univariable Poisson regression models were created to identify
which variable could be significant predictors when compared
with LOS. Higher joint counts (treated as a continuous vari-
able, r,=0.0762 (95% CI: 0.04-0.11, p<0.0001)), elevated CRP
(r,=0.005 (95% CI: 0.004-0.006, p<0.0001)) levels, impaired
mobility (r,=0.981 (95% CI: 0.71-1.25, p<0.0001)), presence of
tophi (r;=0.624 (95% CI: 0.35-0.90, p <0.0001)), allopurinol use
prior to admission (r,=0.523 (95% CI: 0.25-0.80, p<0.0001)),
chronic kidney disease as a comorbidity (r,=0.506 (95% CI:
0.23-0.78, p<0.0001)), known ischemic heart disease (r,=0.32
(95% CI: 0.05-0.59, p=0.02)) and heart failure as a comorbidity
(r,=0.33 (95% CI: 0.03-0.63, p=0.032)) correlated with a longer
LOS (Table 1). Subsequently, multivariable analysis was con-
ducted including the above variables and other variables that
approached significance (age and urate levels), and on back-
ward elimination, three variables were found to be significant
predictors including CRP (r;=0.0036 (95% CI: 0.0023-0.0050,
p<0.0001)), allopurinol use prior to admission (r,=0.321 (95%
CI: 0.043-0.599, p=0.023)), and impaired mobility (r,=0.708
(95% CI: 0.416-1.000, p <0.0001)).

TABLE1 | Analysis of correlation between variables and LOS for admissions for acute gout flares in 2019.

Descriptive statistics (count
(percentage) or mean (95%

Characteristic confidence interval)) ¥, r,95% CI P
Male 47 (76%) -0.14 —0.45t00.17 0.37
Age 67.45 (63.39-71.52) 0.007 —0.002 to 0.015 0.138
Tophi 18 (29%) 0.624 0.35 t0 0.90 <0.0001
CRP (mg/L) 109.5 (86.79-132.3) 0.005 0.004 to 0.006 <0.0001
Urate (mmol/L) 0.4810 (0.34-0.60) 0.831 —-0.27t0 1.93 0.14
Allopurinol use prior to admission 18 (29%) 0.523 0.25t0 0.80 <0.0001
Mobility impaired 18 (29%) 0.981 0.71to 1.25 <0.0001
Diabetes 21 (34%) 0.056 —-0.23t00.34 0.70
CKD 29 (48%) 0.506 0.23 t0 0.78 <0.0001
IHD 24 (39%) 0.32 0.05 to 0.59 0.02
Heart failure 14 (23%) 0.33 0.03t0 0.63 0.032
Presence of support at home 48 (77%) 0.057 —0.26t00.38 0.73
Pain score on day of admission 6.1(5.3-6.9) —0.013 —0.06 to 0.03 0.552
Joint count 2.5(1.9-3.2) 0.0762 0.04 t0 0.11 <0.0001

Abbreviations: CKD, chronic kidney disease; CRP, C-reactive protein; IHD, ischemic heart disease.
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TABLE 2 | Baseline characteristics between anakinra group and control group.
Anakinra group (n=7, count Control group (n=13, count
(percentage); mean (95% (percentage); mean (95%
Characteristic confidence interval)) confidence interval)) p
Male 7 (100%) 12 (92%) 0.25
Age 53.14 (39.08-67.2) 66.54 (57.03-76.05) 0.08
Tophi 4 (57%) 9 (69%) 0.59
CRP (mg/L) 159.8 (72.32-247.2) 205.3 (148.0-262.5) 0.32
Urate (mmol/L) 0.48 (0.37-0.58) 0.46 (0.39-0.53) 0.77
Allopurinol use prior to admission 4 (57%) 7 (54%) 0.89
Mobility impaired 6 (86%) 7 (54%) 0.15
Diabetes 1(14%) 4 (31%) 0.41
CKD 2 (29%) 8 (62%) 0.16
IHD 1 (14%) 6 (46%) 0.15
Heart failure 2 (29%) 2 (15%) 0.48
Presence of support at home 5(71%) 9 (69%) 0.92
Pain score on day of admission 6.3 (2.1-10) 5.4 (3.5-7.5) 0.62
Joint count (continuous variable) 20.1 (3.6-36.7) 6.5(4.7-8.2) 0.01
Joint count (categorical variable) Monoarthritis: 0 (0%) Monoarthritis: 0 (0%) 0.95
Oligoarthritis: 1 (14%) Oligoarthritis: 2 (15%)
Polyarthritis: 6 (86%) Polyarthritis: 11 (85%)

Abbreviations: CKD, chronic kidney disease; CRP, C-reactive protein; IHD, ischemic heart disease.

Between January 2020 and April 2021, seven patients were TABLES | Conventional treatments per group.

treated with anakinra whilst admitted to the study site with an Treatment Control

acute gout flare as the primary reason for hospital admission. during Anakinra group

Three patients received 3days and four received 4 days of anak- admission group (n=7) (n=13) p

inra 100 mg daily by subcutaneous injection. The mean LOS for

these patients was 5.0days, with a mean LOS of 3.2days calcu- NSAIDs 2(29%) 1(8%) 021

lated from the first dose of anakinra. Thirteen patients from the Colchicine 3 (43%) 2 (15%) 0.18

2019 cohort were retrospectively selected by the senior rheuma- S . 5 (71% 13 (100% 011

tologist as individuals they would have treated with anakinra yst.emlc " (71%) (100%) :

for their acute gout flare had it been available at the time—func- corticosteroids

tioning as our historical control group (Table 2). Baseline char- Intra-articular 1 (14%) 1 (8%) 0.64

acteristics between the two groups were similar. However, the
joint count, when treated as a continuous variable, was signifi-
cantly higher in the anakinra group, with a mean joint count of
20.14 compared to 6.46 in the control group. When joint counts
were categorized as mono-, oligo-, or polyarthritis, the results
were similar (Table 2), with the majority of patients admitted
having five or more joints involved. Treatment with conven-
tional medications was also similar between the two groups
(Table 3).

The mean LOS for patients receiving anakinra was 5days,
compared to 6.3 in the control group, which did not reach sig-
nificance (p=0.27) (Figure 2). When the mean LOS was ana-
lyzed from the time of the first dose of anakinra to the time of
discharge, a mean LOS of 3.2days was observed compared to
6.3days in the control group (p=0.076) (Figure 3). A further
multivariable regression model was created using the combined

corticosteroids

Abbreviation: NSAIDs, nonsteroidal anti-inflammatories.

populations (anakinra and historical control groups) with the
anakinra group used as a covariate, which found that there was
a 0.662-day difference between the cohorts (p=0.005), in addi-
tion to a 0.3543day increase in length of stay for both cohorts
for every 100-point increase in CRP levels (p=0.001). If a pa-
tient had the same CRP level in both cohorts (CRP treated as a
controlled variable), there was noted to be a reduction in LOS of
0.493days (95% CI 0.016-0.969, p=0.043) with R>=0.32, mean-
ing that this regression model would be significant for 32% of the
population described.

No adverse events were noted in patients receiving anakinra,
with no injection site reactions or infections documented. One
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FIGURE2 | Length of stay (LOS) for anakinra vs. control group (col-
umn graph refers to group mean). ®, Data point for patients who re-
ceived anakinra. O, Data point for historical control patients who did
not receive anakinra. Height of the column graph refers to mean LOS of
that particular group.

patient (14%) was readmitted with a relapse of his gout flare
3weeks after discharge in the anakinra group, compared to one
patient out of 13 in the control group.

4 | Discussion

This audit establishes that acute gout flares are an important
cause of hospital admission in the Macarthur region, New South
Wales, Australia, with 62 inpatient admissions for an acute gout
flare as the primary reason for admission in 2019, comparable
to published rates Australia-wide and in other regions [1, 20].
These findings highlight that gout imposes a substantial burden
on both our hospital and the wider community, particularly as
there is a proportionately larger population of high-risk gout eth-
nicities living in the multiculturally diverse region, such as New
Zealand Maori and Pacific Islander ethnic groups.

The patient demographics in our cohort were similar to that of
other published studies, with males being disproportionately
affected, patients being of an older age, and frequently having
comorbidities such as diabetes, heart failure, renal impairment,
and ischaemic heart disease [1, 2, 20].

In analyzing factors associated with a longer LOS for an acute
gout flare requiring hospital admission, we found higher CRP
levels, allopurinol use prior to admission, and impaired mobility
to be associated with longer LOS. This is in contrast to the find-
ings of Sharim et al. [4], who observed that in a hospital inpatient
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FIGURE 3 | Length of stay (LOS) from time of first anakinra dose
vs. control group (column graph refers to group mean). ®, Data point for
patients who received anakinra. O, Data point for historical control pa-
tients who did not receive anakinra. Height of the column graph refers
to the mean LOS of that particular group.

population, a later diagnosis of gouty arthritis and female sex were
associated with an increased LOS in their study conducted at a
single center. Similarly, our results differed from those reported
by Singh et al. [2], whose study focused on reasons for emergency
department (ED) visits and included other critical patient and
hospital characteristics such as age, sex, insurance status, loca-
tion, and comorbidities. Singh et al. found that older age and the
presence of renal failure, heart failure, diabetes, or osteoarthritis
were associated with longer LOS. Our finding of higher CRP lev-
els correlating with a longer LOS suggests that CRP serves as an
important objective marker of disease severity during acute gout
flares. This aligns with the findings from Janssen et al. [6], who
reported that CRP levels exceeding 30 mg/L were associated with
increased risk of a recurrence of gout flare in the first 3months
of starting ULT during an acute flare. Impaired mobility, unsur-
prisingly, was associated with a longer LOS, as it limits people’s
ability to function independently at home and in the community.
This is particularly relevant for older patients, who are becoming
more frequently admitted with acute gout flares. In this context,
the effects of a gout flare on mobility appear to reflect the broader
impact that the flare has on a patient's functioning, rather than
a direct marker of disease severity. In addition to this, patients
on ULT prior to admission tended to have a longer length of stay.
This contrasts with data from Jatuworapruk's cohort study [21]
(n=36047), where they observed a 10% reduction in LOS with
patients on ULT prior to admission.

In the analysis of LOS among patients treated with anakinra,
there were no significant differences observed between patients
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who received anakinra compared to the control group who
would have been considered for anakinra therapy had it been
available, apart from the joint count when taken as a continuous
variable. When joint count was taken as a categorical variable,
there was no observed difference between groups with most
patients with polyarticular disease, demonstrating the loss of
data clarity when clustered. Hence, this makes it an insignifi-
cant variable, noting that in the initial retrospective cohort anal-
ysis, joint count, when taken as a continuous variable, did not
have a significant correlation with LOS regardless. The control
group exhibited higher CRP levels, whilst the anakinra group
had higher rates of impaired mobility, neither of which reached
statistical significance. Patients in the anakinra group who
were on ULT prior to admission tended to have a lower mean
LOS compared to those in the control group who were not (5.25
(3.78-6.72) and 7.41 (4.18-10.64) days, respectively), but this dif-
ference is not statistically significant (p =0.449).

Despite the use of anakinra in selected patients, no differences
in the use of conventional treatments were observed between
groups. While there was a reduction in mean LOS in patients who
received anakinra in comparison to the control group (5.0 and
6.3days respectively), this did not reach statistical significance.
However, when the control group was compared to LOS analyzed
from the time of the first dose of anakinra to the time of discharge
(6.3 and 3.2, respectively), this approached statistical significance
(p=0.076). This 1.8-day difference may be attributable to the
delay in commencing anakinra due to permission being required
on each occasion for usage, and hence there would be a poten-
tially clearer advantage if started earlier rather than waiting for an
inadequate response to oral corticosteroids. However, on further
multivariable analysis with the creation of a Poisson regression
model, it was shown that there is a reduction in LOS of 0.493days
in the anakinra cohort (p=0.043) if the only significant covari-
ant, CRP, was taken as a controlled variable. In addition to this, as
CRP was a significant variable, it was shown that for every 100-
point increase in CRP levels, LOS increased by 0.3543days, mak-
ing it an important variable to note when patients are admitted to
the hospital. If CRP was not taken as a controlled variable, there
would be a 0.662-day difference in LOS. This would represent a
cost saving of AUD $1048 per patient in 2019, and annual savings
of AUD $64976, based on the admission rate of 62 patients from
our 2019 data, which considers the added cost of anakinra to the
hospital. If this finding could be attributed to Australia as a whole,
there would be a potential cost saving of AUD $7440800 based
on the 2022 Australian Institute of Health and Welfare's reported
7100 gout hospitalizations in a year [22].

Anakinra appeared safe to use in our cohort, with no adverse
events noted. Overall, readmissions were relatively common,
with four readmissions (6.5%) from 62 admissions in 2019, which
is in keeping with the 7.8% readmission rate that Kennedy et al.
[20] found in their audit. There was one readmission 3 weeks fol-
lowing discharge in a patient treated with anakinra; however, it
is important to note that this patient had a history of difficult-to-
control gout. There was no significant difference in the rates of
readmission between groups.

The strengths of our project are that it is the first Australian
study to examine factors associated with an increased LOS, and
the first to analyze the impact of anakinra on LOS. However,

several limitations should be noted. The retrospective nature of
the study introduces potential bias, particularly in regard to the
retrospective clinical decisions for inclusion into the historical
control group. Additionally, a major limitation of this study was
its small sample size, which limits the applicability of this study
to larger populations. If the applicable population proportion was
set to 32% given R?=0.32 of the final Poisson regression model,
the minimum sample size would have to be n=>53 to apply to the
Campbelltown Hospital area, and n =335 for global application of
the analyzed data [23]. Several patients were already on treatment
prior to commencing anakinra, and the timing of anakinra varied
during admissions, which may have affected the LOS data.

Gout represents a significant burden on the community and hos-
pitals, and finding ways to improve the management of acute
flares is justified. We found higher CRP levels, prior use of ULT,
and impaired mobility to be associated with an increased LOS
during hospitalization for an acute gout flare. Although the re-
duction in LOS observed in this study did not achieve statisti-
cal significance, the results suggest its potential economic and
therapeutic utility. If validated, these findings could support the
integration of anakinra as an effective adjunctive treatment,
particularly in those with the highest cost savings potential, for
example, patients with tophi, polyarticular gout, and mobility im-
pairment. Clinical markers such as CRP and impaired mobility
could be used to identify candidates for anakinra use. Future re-
search should focus on larger, multicenter randomized-controlled
trials to confirm these findings and establish standardized treat-
ment protocols. Additionally, such studies could also explore the
optimal timing and duration of anakinra administration to max-
imize its clinical benefits. Future studies could investigate the
long-term outcomes of patients treated with anakinra through
flare recurrence rates, as well as long-term safety in diverse pa-
tient groups, including those with significant comorbidities.
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Dear Editor,

Anti-melanoma differentiation-associated gene 5 (anti-MDAS5)-
positive Dermatomyositis (DM) is a relatively rare subtype of id-
iopathic inflammatory myopathies, distinguished by clinically
amyopathic dermatomyositis, cutaneous manifestations such
as skin ulcers and palmar papules, and rapidly progressive in-
terstitial lung disease (RP-ILD) [1]. Spontaneous intramuscular
hemorrhage (SIH) is one of the rare complications of DM and
carries an extremely high risk of mortality [2]. It involves non-
traumatic muscle bleeding or hematoma formation, potentially
leading to disseminated intravascular coagulation and even
hemorrhagic shock.

A 60-year-old female patient was admitted to our center, pre-
senting with 20days of exertional dyspnea, productive cough,
and low-grade fever with a maximum temperature of 37.8°C.
Physical examination revealed notable features such as mechan-
ic's hands and velcro rales upon chest auscultation. Laboratory
tests indicated elevated erythrocyte sedimentation rate (ESR at
45mm/H; upper limit of normal [ULN]: 20mm/H), C-reactive
protein (8.65mg/L; ULN: 3.14mg/L), and ferritin (623.42ng/mL;
ULN: 336ng/mL). Creatine kinase, platelet count, and coagula-
tion tests were within normal limits. Antinuclear antibody and
MDAS5-1gG were strongly positive. Pulmonary high-resolution
computed tomography (HRCT) revealed multiple ground-glass
opacities and consolidation in bilateral lung lobes (as shown in
Figure 1). The partial pressure of oxygen in arterial blood gas
analysis (PaO2) was 62.5mmHg on room air.

She was subsequently diagnosed with anti-MDAS5 positive DM
complicated by ILD. Due to the active nature of the disease,
immunosuppressive treatment was initiated, including intrave-
nous methylprednisolone at 80 mg per day. However, 7 days after
admission, she experienced a sudden increase in dyspnea, with

Pa02 at 60.7mmHg while receiving oxygen at 5L/min. HRCT
revealed multiple ground-glass opacities and consolidations
without any further aggravation. Computed tomographic angi-
ography of the pulmonary and coronary arteries showed no signs
of pulmonary embolism or myocardial infarction. Considering
the ongoing disease activity, the immunosuppressive regimen
was adjusted to include intravenous methylprednisolone (80 mg
twice daily), oral tofacitinib sustained-release tablets (11 mg per
day), and intravenous immunoglobulin (20g per day for 5days).
Prophylactic anticoagulant therapy with low molecular weight
heparin (60001U every 12h) was initiated due to an elevation in
troponin I levels to 0.92ng/mL one week later.

Thirteen days after admission, she suddenly experienced pain
without any trauma, localized to the right elbow and the left
upper abdominal region. Ultrasound examination revealed
mixed echoes within the muscles of the right elbow and the
upper left abdomen, measuring 2.7x0.9cm and 5.4X2.3cm,
respectively. A CT scan identified a new-onset hematoma
in the left rectus abdominis muscle, as shown in Figure 1.
Coagulation tests indicated a significant prolongation of
thrombin time (TT at 32.6s; ULN: 14-21s). Consequently,
low-molecular-weight heparin was discontinued, and the pa-
tient received an infusion of 400 mL of plasma and a total of
10 units of cryoprecipitate. The tofacitinib was switched to up-
adacitinib, one tablet per day. Immunosuppressants, including
tacrolimus at 1 mg twice daily and cyclophosphamide at 0.4 g
administered twice with a one-week interval, were added. The
steroid dosage was gradually reduced to 12 tablets adminis-
tered orally once a day. During this period, four coagulation
parameters were monitored (detailed in Table 1, assessed on
the second and tenth days post-hemorrhage), and fibrino-
gen declined to 1.19g/L (ULN: 1.93-4.19g/L), hyperfibrino-
lysis was considered, and 1.5g of fibrinogen was transfused
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FIGURE1 | (A,B)Pulmonary high-resolution computed tomography (HRCT) revealed interstitial lung disease characterized by inflammation in
both lungs. (C, D) An abdominal CT scan revealed a new-onset hematoma in the left rectus abdominis muscle.

TABLE1 | The four coagulation function parameters were assessed
on the second and tenth days following the onset of the intramuscular

hemorrhage.

The The The

coagulation second tenth

parameters day day Reference range

TAT 7.3 4.2

™ 10.2 9.8 3.8-13.3Tu/mL

PIC 0.949 0.917 <0.8ug/mL

t-PAic 17.0 17.5 Male <17ng/mL
Female <10.5ng/

mL

accordingly. Subsequently, the bleeding gradually resolved,
and no further hemorrhages occurred (the key process in the
form of a timeline in Figure 2). She successfully recovered and
was discharged after a brief rehabilitation period. She contin-
ues to be followed at our center with stable disease.

SIH is a rare but potentially fatal complication of DM, associated
with a notably high mortality rate. In a study by Déndii Uskiidar
Cansu, only 1 out of 42 DM patients (2.4%) developed SIH [3].
Meanwhile, Zhangling Xu's study reported an SIH incidence
rate of 1% [4]. The overall mortality in these studies ranged from
50% to 60.9%. It is well established that STH affects not only the
limb girdle muscles but also the non-palpable deep muscles, such

as the abdominal and pelvic muscles [5]. Superficial muscles are
more commonly involved; however, patients with hematomas in
deep muscles exhibit a higher mortality rate [6].

The detection of myositis-specific antibodies (MSAs) is crucial
for the diagnosis, categorization, and prognostication of DM.
Among DM patients with SIH, the presence of anti-MDAS5 an-
tibodies is commonly associated with a distinct subset charac-
terized by significant cutaneous and pulmonary involvement.
Other MSAs, such as JO-1, Mi2, TIF1, and NXP-2, have also
been detected in individual patients [4-6].

SIH can occur with either thrombocytopenia or normal plate-
let counts, as well as with normal coagulation function. In our
case, the platelet count was normal, but TT was prolonged and
fibrinogen (Fbg) levels decreased, indicating abnormal coag-
ulation function. We evaluated four coagulation parameters;
our analysis (refer to Table 1) indicated that a decline in TAT
reduced thrombosis risk. However, the persistent increase in
PIC and concurrent decrease in fibrinogen suggested that con-
tinuous hyperfibrinolysis was the primary issue, with an ele-
vated risk of bleeding [7, 8]. Consequently, fibrinogen infusion
therapy was administered, leading to better control of bleeding
and normalization of coagulation. The t-PAIC may relate to vas-
cular endothelial injury, and hyperfibrinolysis might be linked
to endothelial damage from the primary disease activity [9, 10].
The pathogenesis of STH in anti-MDA5 positive DM may involve
vascular damage, highlighting the potential of monitoring these
four coagulation parameters to assess vascular endothelial in-
jury and guide anticoagulant therapy timing.
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FIGURE 2 | The key diagnostic and therapeutic process in the form

faterval 1

of a timeline. Cryo, cryoprecipitate; CTX, cyclophosphamid; IVIG, intrave-

nous immunoglobulin; IVMP, intravenous methylprednisolone; LMWH, low-molecular-weight heparin; TAC, tacrolimus; Tofa, tofacitinib; UPA,

upadacitinib.

Glucocorticoids are the first-line drugs for treating DM.
Intravenous immunoglobulin is also considered one of the most
effective treatments available for DM. Research indicates that
JAK/STAT inhibitors can be used to treat DM, showing bene-
fits in improving rash and ILD, as well as reducing mortality
rates [11]. Early diagnosis and standardized treatment are cru-
cial. There is an urgent need for larger-scale prospective studies
to thoroughly describe the disease’s characteristics and identify
effective treatment methods.
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