medicina

Special Issue Reprint

Recent Advances in
Autoimmune
Rheumatic Diseases
2nd Edition

Edited by
Diana Mieliauskaité

mdpi.com/journal/medicina

WVI\DPI

F




Recent Advances in Autoimmune
Rheumatic Diseases: 2nd Edition






Recent Advances in Autoimmune
Rheumatic Diseases: 2nd Edition

Guest Editor

Diana Mieliauskaité

F
rM\D\Py Basel o Beijing ® Wuhan e Barcelona e Belgrade ¢ Novi Sad e Cluj ¢ Manchester
/



Guest Editor

Diana Mieliauskaité

Department of Personalised Medicine
State Research Institute Centre for
Innovative Medicine

Vilnius

Lithuania

Editorial Office

MDPI AG
Grosspeteranlage 5
4052 Basel, Switzerland

This is a reprint of the Special Issue, published open access by the journal Medicina (ISSN 1648-9144),
freely accessible at: https://www.mdpi.com/journal /medicina/special_issues/89JBL5G205.

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-7258-5905-4 (Hbk)
ISBN 978-3-7258-5906-1 (PDF)
https://doi.org/10.3390/books978-3-7258-5906-1

© 2026 by the authors. Articles in this book are Open Access and distributed under the Creative
Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms
and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license (https:/ /creativecommons.org/licenses/by-nc-nd /4.0/).



Contents

About the Editor . . . . . . . . . . . e
Preface . . . . . . . e

Diana Mieliauskaité
Editorial for Recent Advances in Autoimmune Rheumatic Diseases: 2nd Edition
Reprinted from: Medicina 2025, 61, 1889, https:/ /doi.org/10.3390/medicina61111889 . . . . . . .

Kristina Rutskaya-Moroshan, Saule Abisheva, Anilim Abisheva, Zhadra Amangeldiyeva,
Tatyana Vinnik and Tansholpan Batyrkhan

Clinical Characteristics, Prognostic Factors, and Outcomes of COVID-19 in Autoimmune
Rheumatic Disease Patients: A Retrospective Case-Control Study from Astana, Kazakhstan
Reprinted from: Medicina 2024, 60, 1377, https:/ /doi.org/10.3390/medicina60091377 . . . . . . .

I-Yu Hsiao, Hanoch Livneh, Wei-Jen Chen, Ming-Chi Lu and Tzung-Yi Tsai

An Exploration of Self-Efficacy and Its Associated Factors among Rheumatoid Arthritis Patients
in Taiwan

Reprinted from: Medicina 2024, 60, 1653, https:/ /doi.org/10.3390/medicina60101653 . . . . . . .

Cristina Alexandru, Anca Donisa, Florin Bobirca, Ana Maria Dascalu, Dan Dumitrescu,

Ioan Ancuta, et al.

Anti-SRP Antibodies and Myocarditis in Systemic Sclerosis Overlap Syndrome with
Immune-Mediated Necrotizing Myositis (IMNM)

Reprinted from: Medicina 2024, 60, 1756, https:/ /doi.org/10.3390/medicina60111756 . . . . . . .

Gailute Kirdaite, Jaroslav Denkovskij, Diana Mieliauskaite, Jolita Pachaleva and

Eiva Bernotiene

The Challenges of Local Intra-Articular Therapy

Reprinted from: Medicina 2024, 60, 1819, https:/ /doi.org/10.3390/medicina60111819 . . . . . . .

Diana Mieliauskaité and Vilius Kontenis
Sjogren’s Disease and Gastroesophageal Reflux Disease: What Is Their Evidence-Based Link?
Reprinted from: Medicina 2024, 60, 1894, https:/ /doi.org/10.3390/medicina60111894 . . . . . . .

Hui-Ju Huang, Wei-Jen Chen, Hanoch Livneh, Hua-Lung Huang, Ming-Chi Lu and

Tzung-Yi Tsai

Integrating Rehabilitation Services into Routine Care of Rheumatoid Arthritis May Reduce the
Inflammatory Response: A Hospital-Based Follow-Up Study in Taiwan

Reprinted from: Medicina 2024, 60, 1938, https:/ /doi.org/10.3390/medicina60121938 . . . . . . .

Marta Priora, Andrea Becciolini, Eleonora Celletti, Myriam Di Penta, Alberto Lo Gullo,
Marino Paroli, et al.

Effectiveness and Predictors of Long-Term Treatment Response to Tofacitinib in

Rheumatoid Arthritis Cohort: General Analysis and Focus on High-Cardiovascular-Risk
Subgroup—A Multicenter Study

Reprinted from: Medicina 2024, 60, 1982, https:/ /doi.org/10.3390/medicina60121982 . . . . . . .

Joanna Kosaltka-Wegiel, Bogdan Jakiela, Radostaw Dziedzic, Mamert Milewski,

Andzelika Siwiec-Kozlik, Lech Zareba, et al.

Circulating B Lymphocyte Subsets in Patients with Systemic Lupus Erythematosus

Reprinted from: Medicina 2024, 60, 1994, https:/ /doi.org/10.3390/medicina60121994 . . . . . . .



Federica Romano, Precia Mombasi, Franco Garofalo, Nima Namarvari, Francesco Franco,
Patrizia Defabianis and Giovanni Nicolao Berta

Parents’ Satisfaction with Juvenile Idiopathic Arthritis Care: Findings from a Cohort of Italian
Children Using the JAMAR Questionnaire

Reprinted from: Medicina 2025, 61, 1115, https:/ /doi.org/10.3390/medicina61061115 . . . . . . .

Oana-Georgiana Vaduva, Aristodemos-Theodoros Periferakis, Roxana Elena Doncu,

Vlad Mihai Voiculescu and Calin Giurcaneanu

Dietary Principles, Interventions and Oxidative Stress in Psoriasis Management: Current and
Future Perspectives

Reprinted from: Medicina 2025, 61, 1296, https:/ /doi.org/10.3390/medicina61071296 . . . . . . .

Giedre Dereseviciene, Jolanta Dadoniene and Dalia Miltiniene
Similarities and Differences Between Patients Diagnosed with ANCA-Associated Vasculitis Who
Are Positive and Negative for ANCA: University Clinic Practice and Expertise

Reprinted from: Medicina 2025, 61, 1369, https:/ /doi.org/10.3390/medicina61081369 . . . . . . .

vi



About the Editor

Diana Mieliauskaité

Diana Mieliauskaité, MD, PhD, is a chief researcher and head of the Personalized Medicine
Department at the State Research Institute Center for Innovative Medicine. She is also chair of the
Institute’s Scientific Council. D. Mieliauskaité’s main areas of scientific interest are autoimmunity and

Sjogren’s disease.

vii






Preface

This reprint of the Special Issue of Medicina entitled “Recent Advances in Autoimmune Rheumatic
Diseases” is dedicated to the state of the art in autoimmune rheumatic diseases, and aims to be highly
beneficial in clinical practice, enhance public health, and provide the latest information on innovations

in the field of autoimmune rheumatic diseases.

Diana Mieliauskaité
Guest Editor
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Editorial for Recent Advances in Autoimmune Rheumatic

Diseases: 2nd Edition

Diana Mieliauskaité

Department of Personalised Medicine, State Research Institute Centre for Innovative Medicine, Santariskiy St. 5,
LT-08406 Vilnius, Lithuania; diana.mieliauskaite@imcentras.lt

This Special Issue of Medicina, entitled “Recent Advances in Autoimmune Rheumatic
Diseases”, is dedicated to the state of the art in autoimmune rheumatic diseases, with
the expectation that it will be highly beneficial in clinical practice and enhance public
health, and provide the latest information on innovations in the field of autoimmune
rheumatic diseases.

Autoimmune rheumatic diseases (ARD) are a major global health problem with
increasing prevalence. In addition, these diseases are linked to high morbidity, mortality,
and disability rates. Autoimmune rheumatic diseases do not have diagnostic criteria and
are guided by classification criteria, so the confirmation of the diagnosis is often delayed.
These diseases as highly heterogeneous diseases involve complex pathophysiological
mechanisms, resulting in variations in treatment response among individuals [1,2]. This
heterogeneity underscores the need for individualized and precise treatment strategies and
encourages patient-centered collaboration between clinicians and researchers.

We present the latest research advances in rheumatoid arthritis, vasculitis, SLE, and
other autoimmune rheumatic diseases in this Special Issue. In parallel, the latest research
advances in the field of autoimmune rheumatic diseases are summarized in reviews.
Therefore, I would like to briefly review the contents of this Issue.

The introduction of Janus kinase inhibitors (JAKIs) for the treatment of rheumatoid
arthritis (RA) has significantly changed treatment options. When using Janus kinase in-
hibitors (JAKISs), it is important to consider the safety of the drug, especially the risk of
cardiovascular disease and cancer, and so additional studies are conducted in real clinical
conditions. Priora M et al. evaluated the long-term efficacy of Janus kinase inhibitor Tofaci-
tinib (TOFA) and predictors of responses to treatment in two RA patient subpopulations
stratified according to different cardiovascular risk profiles. Summarizing the results, the
authors conclude that tofacitinib showed similar efficacy in RA patients with both high- and
low-risk cardiovascular subgroups, and disease activity decreased significantly both after
six months and after one year. TOFA remained an effective treatment for all patients, and
remission or LDA rates were reasonable despite safety considerations regarding the risk of
cardiovascular events. Age had a negative impact on treatment response. This highlights
the role of immunosenescence in the treatment of RA. The study results confirm the use
of TOFA as an individualized approach to RA treatment, emphasizing the importance
of carefully assessing cardiovascular and age-related risk factors when making clinical
decisions [3].

The relationship between the use of rehabilitation services (RS) and changes in inflam-
matory responses in patients with RA has not yet been sufficiently investigated, although
the effectiveness of rehabilitation services (RS) is supported by evidence. Huang H]J et al.
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sought to evaluate changes in inflammatory markers before and after long-term reha-
bilitation. The authors conclude that integrating RS into routine care may be beneficial
for controlling inflammation in RA patients. Further studies should be conducted using
randomized controlled trials to confirm the effectiveness of RS [4].

In chronic autoimmune rheumatic diseases such as rheumatoid arthritis, self-efficacy
is an important element of successful disease management. However, there is little infor-
mation available on self-efficacy and its influencing factors among RA patients. Hsiao I-Y
et al. assessed the level of self-efficacy and its corresponding prognostic factors among RA
patients. Summarizing the results of the study, the authors state that healthcare providers
need to assess the level of self-efficacy—a feature that seems to be related to a few medical
characteristics—to facilitate the adaptation of healthcare regimens [5].

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) targets
small and medium-sized blood vessels and is hallmarked by ANCA production. The
term “ANCA-negative” is applied if a person fulfills the criteria for AAV but has negative
serological ANCA test findings. Dereseviciené G. et al. conducted a cross-sectional study
at a tertiary university hospital involving 73 patients diagnosed with anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis (AAV) to evaluate clinical features of
ANCA-positive and ANCA-negative vasculitis patients. The results of the study showed
that the clinical condition of ANCA-positive patients is more severe in terms of organ
damage and laboratory changes [6].

Children with juvenile idiopathic arthritis (JIA) suffer from a reduced quality of life
due to their illness, and there is little research on child and parent satisfaction with disease
management. Using symptom status acceptable to parents of children with juvenile arthritis
(JA-PASS), demographic characteristics, disease course, and treatment, Romano F et al.
conducted a cross-sectional study of 63 children diagnosed with JIA to investigate factors
influencing parental satisfaction with the management of their children’s JIA. Summarizing
the results of the study, the authors conclude that JA-PASS provides useful information on
how parents see the disease progressing and how well treatments work, and they suggest
adding it to patient management [7].

There is insufficient data on immune disorders in systemic lupus erythematosus (SLE),
especially those associated with disease flares. Kosatka-Wegiel | et al. revealed significant
links between different B cell subsets and SLE disease activity. The authors emphasize an
individualized approach to SLE patients in order to identify those at higher risk of SLE
flare-ups [8].

Viral infections, including coronavirus disease 2019 (COVID-19), tend to cause more se-
vere disease in patients with autoimmune rheumatic diseases (AIRD). Rutskaya-Moroshan
K et al. examined the clinical characteristics of rheumatology patients and risk factors for
severe infection. AIRDs of the study included rheumatoid arthritis, ankylosing spondylitis,
systemic lupus erythematosus, and systemic sclerosis. This study showed that patients
with AIRD were more likely to experience joint pain, depression, and shortness of breath.
Patients with AIRD tended to have more severe diseases. Patients with arterial hyperten-
sion, diabetes mellitus, chronic kidney and lung diseases, receiving corticosteroid treatment,
had longer illnesses, and highly active autoimmune disease increased the chance of getting
a more severe form of COVID-19 [9].

Review by Vaduva O-A et al. demonstrated that dietary choices can lead to significant
modification Psoriasis Area and Severity Index (PASI) scores. Low-calorie diets rich in
antioxidants are effective, especially when the focus is on vegetables and animal proteins
are restricted. The Mediterranean diet and possibly the ketogenic diet are beneficial because
they provide omega-3 fatty acids and may alter the gut microbiome. Topical vitamin D and
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its analogs, together with corticosteroids, can alleviate psoriasis symptoms at the skin level.
Low-calorie diets containing antioxidants are very powerful in this regard, especially when
the focus is on vegetables and the consumption of animal-derived proteins is limited. Oral
vitamin D supplements have a positive effect on psoriatic arthritis and may reduce the risk
of related complications [10].

In order to properly assess the systemic manifestations of Sjogren’s disease and to
individualize the treatment of Sjogren’s disease, the article by Mieliauskaité D and Kontenis
V presented evidence-based links between Sjogren’s disease and gastroesophageal reflux
disease (GERD). In general, there is a limited number of evidence-based studies evaluating
the relationship between GERD and Sjogren’s disease and GERD-related alterations in
the microbiota in a multidisciplinary context. Future studies are necessary to improve the
timely diagnosis and individualized treatment of Sjogren’s disease [11].

Fibroblast-like synoviocytes (FLS) are one of the main factors in most cases of arthritis.
Kirdaite G. et al. review the hallmarks and therapeutic challenges at the time of arthritis
course, and review novel treatment targets, including surface biomarkers and intracellular
proteins, non-coding ribonucleic acids (RNA) [12].

The review by Alexandru C et al. attracted considerable interest. This review examines
the role of anti-receptor recognition particle (anti-SRP) antibodies in the diagnosis and
treatment of collagen diseases with cardiac damage.

Rare reports of overlap syndrome between systemic sclerosis and immune-mediated
necrotizing myositis have been reported. It is known that myositis can be a sign of sclero-
derma, and it is important to diagnose the overlap syndrome of these two diseases, as they
can be interpreted as separate diseases, although specific treatment and monitoring should
be applied. Anti-signal recognition particle (anti-SRP) antibodies act on skeletal muscle
fibers and suppress myoblast regeneration, which leads to muscle fiber atrophy and necro-
sis. Anti-SRP antibodies are characteristic of immune-mediated necrotizing myopathies,
which are characterized by muscle necrosis and minimum inflammatory response, with
weakness of proximal muscles and representative external muscle symptoms. There is
conflicting evidence regarding the link between cardiac symptoms and the presence of
these antibodies, and the latest studies cannot prove a meaningful relationship between
these two factors. Myocarditis is a condition with unpredictable and possibly serious con-
sequences, ranging from heart failure and dilated cardiomyopathy to death. Diagnosing
this disease is difficult because myocardial biopsy is an invasive procedure, so the results
of cardiac magnetic resonance imaging are usually evaluated to make assumptions. This
article addressed issues related to the management of collagen diseases by investigating
the role of anti-SRP antibodies in the pathogenesis of cardiac damage [13].

Challenges remain in the field of rheumatology due to an aging population and the
complexity of diseases, the need to manage comorbidity, the need to address health dispar-
ities between different population groups, and the challenges associated with the effective
and appropriate integration of new technologies into the management of autoimmune
rheumatic diseases.

Conflicts of Interest: The author declares no conflict of interest.
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A Retrospective Case—Control Study from Astana, Kazakhstan
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Abstract: Background: Viral infections, including coronavirus disease 2019 (COVID-19), in patients
with autoimmune rheumatic diseases (AIRDs) tend to present more severe disease. This study aims
to investigate the clinical characteristics and risk factors for severe infection in rheumatologic patients.
Methods: We included patients with a diagnosis of AIRD and COVID-19 infection between January
2022 and July 2023. Patients with AIRDs infected with SARS-CoV-2 were matched with control
patients of the general population according to age (£5 years) and sex in a 1:1 ratio. Confirmed
infection was defined if a patient had a positive polymerase chain reaction (PCR) test. The severity
was divided into mild, moderate, severe, and critical according to the guidelines of the United States
National Institutes of Health (NIH). Results: A total of 140 individuals (37 males, 103 females; mean
age 56.1 + 11.3 years) with rheumatic disease diagnosed with COVID-19 infection were enrolled
in the study. AIRDs included rheumatoid arthritis (RA) (n = 63, 45%), ankylosing spondylitis (AS)
(n =35, 25%), systemic lupus erythematosus (SLE) (n = 26, 8.6%), and systemic sclerosis (SSc) (n = 16,
11.4%). The AIRDs group had more SARS-CoV-2-related dyspnea (38.6%), arthralgia (45.7%), and
depression (27.1%) than the control group (p = 0.004). The rate of lung infiltration on radiographic
examination was higher in 58 (41.4%, p = 0.005) patients with theumatic diseases than in those without
them. Severe SARS-CoV-2 infection was more common in the AIRDs group than in the control group
(22% vs. 12%; p = 0.043). Conclusions: Patients with AIRDs experienced more symptoms of arthralgia,
depression, and dyspnea. There was a trend towards an increased severity of the disease in patients
with AIRDs. Patients with arterial hypertension, diabetes, chronic lung, and kidney disease, treated
with corticosteroids, had a longer duration, and high activity of autoimmune disease had an increased
risk of severe COVID-19.

Keywords: SARS-CoV-2 infection; autoimmune diseases; disease course; prognostic factors; disease-
modifying antirheumatic drugs

1. Introduction

The COVID-19 pandemic is the result of the SARS-CoV-2 virus, which has presented
significant challenges throughout the world and has affected societies and healthcare sys-
tems around the world. To date, almost 775 million cases worldwide have been surpassed,
with more than seven million deaths [1]. Protecting high-risk individuals has been an
essential public health focus, although identifying these high-risk groups has been some-
what complex due to the novel nature of SARS-CoV-2. In general, patients with AIRDs are
more likely to be susceptible to infections [2], including SARS-CoV-2 [3]. In these cohorts,
the worse outcomes of SARS-CoV-2 have been associated with immunological alterations,
damage to vital organs, and the indirect impact of the drug received [4-6]. However,
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several medications used in the routine of rheumatologists, e.g., hydroxychloroquine [7],
glucocorticoids (GCs) [8], IL-6 [9], and anti-TNF inhibitors [10], have been repurposed for
the potential treatment of SARS-CoV-2.

During the pandemic, the practice of health care in Kazakhstan has undergone some
profound difficulties. In addition to the existing risks of severe infection, patients with AIRD
found themselves in a zone of “increased vulnerability”. This was explained by the inability
of local health authorities to provide diagnostic investigations and procure antirheumatic
drugs due to a shortage of supplies. Patients with rheumatological conditions experiencing
exacerbations and those requiring regular infusions of biological antirheumatic drugs
encountered significant challenges with hospitalisation and access to specialized care.
These difficulties were particularly pronounced in remote areas of the country, where
access to well-equipped hospitals and medical care was more limited [11]. Along with
the implementation of the distance from consultation [12], the availability of national
diagnostic-therapeutic disease-specific protocols (based on international guidelines even
before the pandemic), contributed, to some extent, to reducing the negative consequences
for individuals affected by rheumatic diseases in Kazakhstan.

In recent years, large cohort and multicentral studies have investigated how patients
with AIRDs have fared with respect to COVID-19. On the contrary, there is still a paucity of
research data from Central Asian countries, particularly from Kazakhstan, on the pandemic
influence on rheumatology patients. Studying the clinical features and prognostic factors
of SARS-CoV-2 in rheumatological patients in our region will help fill a specific gap in
national research, contribute to the development of national guidelines, and support the
effective clinical management of rheumatological patients during and after the pandemic.
This research investigated the SARS-CoV-2 characteristics of the four most prevalent AIRDs
in Kazakhstan, including RA and AS, followed by SLE and SSc [13]. The primary objective
was to compare the clinical characteristics, hospitalisation rates, and outcomes of COVID-19
patients with those of healthy controls. Secondary analyses focused on determining risk
factors associated with the severity of the infection.

2. Materials and Methods
2.1. Study Design

The multi-centre retrospective observational case—control study was conducted to
evaluate whether patients with AIRDs and infected with COVID-19 are at a higher risk
of more severe clinical manifestations than those without an AIRDs. The research was
carried out in city medical clinics in the capital of Kazakhstan, Astana city, in the period
from January 2022 to July 2023.

2.2. Settings

In Kazakhstan, the first case of COVID-19 infection was recorded in March 2020, and
the cases were considerably elevated from April 2020 [14]. The first vaccine was imple-
mented on 1 February with the Russian Gam-COVID-Vac vaccine (Sputnik V) vaccine.
Since 26 April 2021 the, Kazakhstan-made QazCovid-In vaccine (QazVac) has been admin-
istered after the third phase of clinical trials [15]. During the wave of pandemics, the local
health system has provided free vaccination, testing systems, and COVID-19 treatment to
all residents. The public vaccine programme succeeded in vaccinating 70% of the 20 million
people living in Kazakhstan by 26 November 2023, and 36% were vaccinated with at least
one booster dose. The Delta variant of SARS-CoV-2 was predominant in the country after
July 2021. As of March 2024, Kazakhstan had surpassed more than 1.5 million SARS-CoV-2
cases, resulting in almost 19 thousand deaths.

2.3. Participant Selection

Inclusion and exclusion criteria were established to determine the patient’s eligibility
for the study. The inclusion criteria consisted of the following factors:

e  Patients 18 years of age and older.
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Patients tested with a positive reverse transcription RNA PCR test against SARS-CoV-2.
Patients with confirmed rheumatic diseases such as SLE, RA, AS, and SSC before
SARS-CoV-2 infection. The recruited diagnoses were explained by these four most
prevalent AIRDs in Kazakhstan [13].

e  Patients who have filled out the information consent for the processing of personal
data and participation in the survey.

The following exclusion criteria were applied:

e  Patients with an unclear diagnosis purely on the basis of symptoms and other rheumatic
diseases.
Patients under the age of 18.
Patients residing outside of Astana city. The place of residence is indicated on the title
page of the case note. The study did not include patients with registered residence in
other cities or regions of Kazakhstan.

e Patients who died from SARS-CoV-2.

The final sample consisted of 140 individuals with AIRDs in Astana city. We used the
online sample size calculator to determine the minimum number of subjects to enrol in
a study for adequate power. Gender distribution was considered irrespective of gender
identity, while the age criteria set the minimum age at 18.

Control group: adult participants who did not receive immunosuppressive therapy
from the general population and who were positive for the SARS-CoV-2 PCR test (1 = 140).
The control group was matched 1 to 1 with rheumatologic patients of age and sex.

2.4. Registration of COVID-19 Patients and Results

During the research period, we used the comprehensive patient self-reporting ques-
tionnaire for the initial recruitment of outpatient rheumatological patients. The question-
naire validation procedure consisted of the following stages: development, discussion
with experts, translation, and pilot testing. The questionnaire was developed according
to international standards under the direct control of the research supervisor. The ques-
tionnaire consisted of a total of 20 questions: 6 questions about personal data, 7 questions
related to the clinical characteristics of AIRD, and 7 questions based on COVID-19 infec-
tion. Details on demographics, background and comorbidities, treatment and vaccination
status, diagnostic tests for COVID-19, rheumatic disease activity at the beginning and
after infection, symptoms, and patient-reported outcome measures of COVID-19 were
also included. Demonstration of the original version of the questionnaire took place at
the extended meeting of the Department of Family Medicine Nol NJSC “Astana Medical
University” (2021-19-10-EXP-3). At the next stage, we translated the version No. 1 into
Kazakh language with the assistance of professional medical interpreters and created the
pilot version of the questionnaire. For providing the free of biases and effective in collecting
the intended data, the survey was tested in a pilot regime on a limited sample size (n = 20)
in the period from November 2022 to December 2023.

The percentage of unanswered questions allowed us to evaluate how accessible the
questions were for the participants to understand. In addition, the interviewees provided
feedback for more precise and accurate wording of the questions. Following the pilot phase,
the final version of the questionnaire was launched in January 2022. Informed consent was
obtained from each patient individually before data collection.

Participants were instructed to complete the sections only if they had accurate in-
formation. Before the analysis, we contacted the patients to clarify any inaccuracies. For
the mitigation of potential biases from self-reporting method, the received answers were
checked manually by cross-referencing of medical records.

Additionally, we analysed patients” electronic medical cards to gather accurate in-
formation about comorbidities, autoimmune diseases, and characteristics of COVID-19.
COVID-19 characteristics included information on diagnosis, treatment, hospitalisation,
and complications. Data on rheumatic diseases included clarification of diagnosis, duration,
and prior AIRD activity (categorised as remission, low /moderate, severe, and unknown).
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At the start of COVID-19 treatment, details of GCs in prednisone equivalent doses (up to or
more than 10 mg, unknown, without therapy), disease-modifying conventional synthetic
antirheumatic drugs (csDMARDs) or biologic antirheumatic drugs (- DMARD) were col-
lected. The history of comorbidities included chronic lung disease (asthma, obstructive or
interstitial lung disease) and kidney disease, hypertension, cardiovascular and cerebrovas-
cular pathology, diabetes, obesity, cancer, hepatitis, psoriasis, inflammatory bowel disease,
and thyroid pathology.

We used the updated United States NIH COVID-19 treatment guidelines to categorise
severity into mild, moderate, severe, or critical disease, according to clinical and radio-
logical criteria [16]. SARS-CoV-2 reported outcomes included outpatient management,
hospitalisation without oxygen requirements, hospitalisation with oxygen requirements
or invasive mechanical ventilation, admission to the intensive care unit (ICU), and the
development of complications.

2.5. The Sample Size Calculation

The main endpoint in the sample calculation was the occurrence of COVID-19-
associated pneumonia and the development of severe COVID-19-associated pneumonia
in patients with AIRD compared to those without AIRDS (control group). Initial study of
the relevant literature revealed that severe pneumonia occurs in 14-15% of patients with
COVID-19 [17-19]. Based on the expert opinion, we calculated that severe pneumonia
would occur approximately about 2 times more often, i.e., 30%, in patients with AIRDs.
Based on these figures, we calculated the minimum required sample size (Table 1).

Table 1. The sample size calculation for the case—control study.

For:

Two-sided confidence level (1-alpha) 95

Power (% chance of detecting) 80

Ratio of Controls to Cases 1

Hypothetical proportion of controls with exposure 15

Hypothetical proportion of cases with exposure: 30

Least extreme Odds Ratio to be detected: 243

Kelsey [20] Fleiss [21]  Fleiss with CC
Sample Size-Cases 122 121 134
Sample Size-Controls 122 121 134
Total sample size: 244 242 268

CC = continuity correction

Results are rounded up to the nearest integer.
Results from OpenEpi, Version 3,
open-source calculator—SSCC

Using the Fleiss formula [21] with continuity correction, it was determined that the
minimum sample size required for each group was 134 observations. Rounding it up,
we recruited 140 patients in each sample in case of dropout from the study or possible
incomplete records.

2.6. Statistical Analysis

Rheumatological patients were matched according to age (£5 years) and sex, with
SARS-CoV-2-positive results without AIRDs. Numbers and percentages were used to
summarize categorical data. Continuous data were presented as medians or means =+ SD,
as appropriate. The Shapiro-Wilk test was employed to determine whether continuous
numerical variables followed a normal distribution. Differences between categorical vari-
ables were evaluated using the chi-square test or Fisher’s exact test. For comparisons of
continuous variables related to disease-specific characteristics between cases and controls,
either Student’s t-test or the Mann-Whitney test was used, as appropriate. Binary logistic
regression analysis was conducted to explore the association between the binary dependent
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variable (severe infection) and independent factors, using a logit model. A p-value < 0.05
was considered statistically significant in all tests. Statistical analyses were performed
using IBM SPSS software (version 19).

2.7. Ethical Statement

The study received approval from the Ethics Committee of the NJSC Astana Medical
University (2022-31-01-EXP-5). The study was not funded. This research was carried out in
compliance with the ethical principles outlined in the Declaration of Helsinki.

3. Results
3.1. Demographic and Baseline Clinical Characteristics

During the study period, 140 patients with AIRDs and confirmed SARS-CoV-2 in-
fection were registered. We also included 140 COVID-19-matched individuals without
AIRD from the general population. Both study groups were balanced in terms of baseline
characteristics, including age and sex. The average age of the patients in the case group
was 56.1 years (£11.3), and in the control group, it was 51.5 years (£13.6). Both groups
were predominantly female, with 73.6% (1 = 103) in the case group and 69.3% (n = 97) in
the control group. Smoking was observed in 16% of patients with AIRD compared to 23%
in the control group.

Arterial hypertension was notably more frequent in AIRD patients than in the control
group (32.1% vs. 20%, p = 0.021). There were no significant differences in other comor-
bidities. In the case group, 15.7% had lung disease, 14.3% had thyroid problems, 10% had
diabetes, and 8.6% had cardiovascular disease. In the control group, 20% had hypertension,
10.7% had thyroid disease, 9.3% had lung disease, 6.4% had diabetes, and 5.7% had cardio-
vascular disease. Table 2 summarises the baseline demographic and clinical characteristics
of the research groups.

Table 2. The primary demographic and clinical characteristics of the research groups.

AIRDS Control Group
SEX n (%)
Female 103 (73.6%) 97 (69.3%)
Male 37 (26.4%) 43 (30.7%)
Age, mean (SD) 56.1 £11.3 51.5 £ 13.6
18-44 46 50
45-59 64 69
60-74 24 19
75-90 6 2
Smoker 22 32
Comorbidities
Hypertension 45 (32.1%) 28 (20%)
Diabetes 14 (10%) 9 (6.4%)
Cardiovascular disease 12 (8.6) 8 (5.7%)
Cerebrovascular disease 6 (4.3%) 4(2.9%)
Chronic lung disease 22 (15.7%) 13 (9.3%)
Chronic kidney disease 4(2.9%) 2 (1.4%)
Cancer 5 (3.6%) 3 (2.1%)
Psoriasis 3 (2.1%) 6 (4.3%)
Hepatitis 4(2.9%) 3(2.1%)
Inflammatory bowel disease 10 (7.1%) 4 (2.9%)
Hypo/hyperthyroidism 20 (14.3%) 15 (10.7%)
Nationality
Kazakh 103 100
Russian 22 18
Tatars 6 7
Ukrainian 3 4
Poles 3 6
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Table 2. Cont.

AIRDS Control Group
Germans 2 5
Greeks 1 0

3.1.1. AIRDs Baseline Characteristics

The most prevalent rheumatic disease was RA, consisting of 63 patients (45%), fol-
lowed by AS with 35 patients (25%) and SLE with 26 patients (18.6%). The SSc subgroup
represented 11.4% of the cases (n = 16). The duration of rheumatic disease was classified as
follows: 20 (14.3%) patients had a diagnosis under five years, 45 (32.1%) patients between
five and nine years, and 75 (53.6%) for ten years or more. At the onset of infection, most
patients (37.1%) had low or moderate disease activity, 33.6% were in remission, while
22.9% had high disease activity. The status of the disease activity was unknown in 6.4% of
the individuals.

At the beginning of COVID-19, 72.1% of the patients (n = 101) were receiving treat-
ment with at least one conventional DMARD. Methotrexate and leflunomide were the
most commonly used Cs-DMARD:s in 52 (37.1%) and 19 (13.6%) patients, followed by
azathioprine (n = 12, 8.6%). Biological DMARDs were used in 40 patients (28.6%), with
golimumab being most commonly used (1 = 23, 16.4%). None of the patients were taking
rituximab. A considerable number of patients received baseline oral glucocorticoids (1 =
80, 42.9%). More details on the underlying diseases and immunosuppressive therapy are
provided in Table 3.

Table 3. Details on immunosuppressive therapy for underlying diseases.

Therapy Diagnosis

RA AS SSc SLE
No NSAIDs (regular) 50 79.4% 24 68.6% 6 100.0% 25 96.2%
NSAIDs (regular) 13 20.6% 11 31.4% 0 0.0% 1 3.8%
No csDMARDs therapy 15 23.8% 14 40.0% 7 43.8% 3 11.5%
Metotrexate 31 49.2% 17 48.6% 4 25.0% 0 0.0%
Leflunomide 10 15.9% 4 11.4% 3 18.8% 2 7.7%
Mycophenolatmophetil 0 0.0% 0 0.0% 0 0.0% 7 26.9%
Sulfasalazine 0 0.0% 1 6.3% 0 0.0% 0 0.0%
Hydroxychloroquine 7 11.1% 0 0.0% 0 0.0% 3 11.5%
Azathioprine 0 0.0% 0 0.0% 1 6.3% 11 42.3%
No steroids 40 63.5% 35 100.0% 2 12.5% 3 11.5%
Up to 5 mg 12 19.0% 0 0.0% 8 50.0% 7 26.9%
5-10 mg 11 17.5% 0 0.0% 6 37.5% 6 23.1%
More than 10 mg 0 0.0% 0 0.0% 0 0.0% 10 38.5%
No bDMARDs therapy 48 76.2% 10 28.6% 16 100.0% 26 100.0%
Golimumab 9 14.3% 14 40.0% 0 0.0% 0 0.0%
Adalimumab 1 1.6% 6 17.1% 0 0.0% 0 0.0%
Tocilizumab 5 7.9% 2 5.7% 0 0.0% 0 0.0%
Infliximab 0 0.0% 3 8.6% 0 0.0% 0 0.0%

Notes: NSAIDs: non-steroidal anti-inflammatory drugs, csDMARD: conventional synthetic disease-modifying
antirheumatic drug, bDMARDs: biologic disease-modifying antirheumatic drugs.

3.1.2. SARS-CoV-2 Infection Characteristics of the Study Groups and Results

In both groups, the majority of patients (n = 215, 76.8%) showed symptoms related to
SARS-CoV-2, while the remaining were asymptomatic. Before SARS-CoV-2 identification,
only 32 individuals with AIRDs (22.9%) had no symptoms. The most commonly reported
symptoms in both groups were fever (48.9%) and headache (40.4%), followed by cough
(39%) and fatigue (38.6%). The prevalence of arthralgia, shortness of breath, and depression
symptoms was statistically higher in the AIRDs’ group (45.7% vs. 26.4%, p = 0.001; 38.6% vs.
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22.9%, p =0.004; 27.1% vs. 8.6%, p < 0.001, respectively). Headache, dysgeusia, and anosmia
were higher in the control group; however, these differences did not achieve statistical
significance. The presence of gastrointestinal symptoms was minimal, with vomiting and
nausea observed in 7.5% of the patients. Table 4 provides a comparison of the clinical
characteristics of SARS-CoV-2 infection between the study cohorts.

Table 4. Clinical features of SARS-CoV-2 infection in the study groups.

Study Group
Indicators Case Controls p
N % N %
Mochimemen o £ B W Am
>25% 20 33.9% 16 45.7%
weomoogmoon o oam
>75% 2 3.4% 2 5.7%
Fever Yo @ men g6 sw 007
Cough Yo @ men s sw 0w
Headache Yo s s w0
Dysproca Yo s e @ oz 00
o o
Yooonowmomoomm
Myalgi Yo S sae ® w080
Moo am
Ancsmia Yo a5 sw 5 s 0%
Irritability / Depression 56(; 13082 ;g?:ﬁ 11228 9; ;%)ZO <0.001
Asthenia/Fatigue ge(; Z? Zggoﬁ Zg gggoﬁ 0.086
Diarrhoea/vomiting ic; 11300 97% 190 /ZO 11219 97% '910 /f) 0.821
o o

The prevalence of CT pneumonia associated with SARS-CoV-2 was significantly higher
in AIRD patients (1 = 58, 41.4%) compared to controls (1 = 36, 25.7%, p = 0.05). No statistical
differences were found in the CT stages of pneumonia between the study cohorts (p = 0.638).
In the control group, 12 (8.6%) patients met the guidance criteria for severe COVID-19,
while 22 patients (15.7%) with AIRDs had evidence of the severe course of infection. Other
data on the severity of the disease are shown in Figure 1.

During the study period, 11 (7.8%) admissions occurred in the general population
(mean age: 57.3 & 6.6 years, 7 (63.6%) females). Among patients with AIRD, 104 (74.3%)
(mean age: 48.8 £ 13.0 years, 73 (70.3%) female) did not require hospitalisation, while
36 (25.7%) (mean age: 53.9 + 9.9 years, 30 (83.3%) female) were hospitalised. As shown,
AIRDs were associated with an increased rate of hospitalisation hazard (4.1 95% CI: 2.0-8.4,
p < 0.001). According to the prevalence of RA in the main group, the majority of the latter
were patients with RA (1 = 13, 36.1%). Among the hospitalised, 58.3% had hypertension,
41.7% had glucocorticoids at a dose of 5-10 mg daily, and 38.9% had methotrexate. Only
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two patients (5.6%) used bDMARD:s (golimumab). Other characteristics of hospitalised
patients from the case and control groups are presented in Tables 5 and 6.

Table 5. Characteristics of hospitalised patients with AIRDs.

Hospitalisation
Patients with AIRDs Yes No p
N % N %
Male 6 16.7% 31 29.8%
Gender Female 30 83.3% 73 70.2% 0123
18-44 5 13.9% 41 39.4%
45-59 21 58.3% 43 41.3%
Age 60-74 10 27.8% 14 13.5% 0.007
75-90 0 0.0% 6 5.8%
Diagnosis RA 13 36.1% 50 48.1% 0.042
AS 6 16.7% 29 27.9%
SLE 9 25.0% 17 16.3%
SSc 8 22.2% 8 7.7%
<5 years 4 11.1% 16 15.4%
Duration of the 5-10 years 7 19.4% 38 36.5% 0153
disease 11-20 years 20 55.6% 42 40.4% :
>20 years 5 13.9% 8 7.7%
-1 No 5 13.9% 53 51.0%
Comorbidity Yes 31 86.1% 51 49.0% <0.001
No 27 75.0% 75 72.1%
Smoking Yes 6 16.7% 16 15.4% 0.793
Past smokers 3 8.3% 13 12.5%
No 7 19.4% 73 70.2%
<5m 9 25.0% 18 17.3%
GCS (doses) 5-10 rgng 15 41.7% 8 7.7% <0.001
>10 mg 5 13.9% 5 4.8%
<5 years 9 25.0% 16 15.4%
GCs therapy 510 years 13 36.1% 14 13.5% <0.001
duration >10 years 7 19.4% 0 0.0%
NSAIDs (regular) No 28 77 8% 87 83.7% 0.428
Yes 8 22.2% 17 16.3%
No immunosuppressive therapy 9 25.0% 30 28.8%
Metotrexate 14 38.9% 38 36.5%
Leflunomide 3 8.3% 16 15.4%
csDMARDs Mycophenolatmophetil 2 5.6% 5 4.8% 0.492
Sulfasalazine 0 0.0% 1 1.0%
Hydroxychloroquine 2 5.6% 8 7.7%
Azathioprine 6 16.7% 6 5.8%
) <5 years 10 27.8% 36 34.6%
duration csDMARDs =" years 10 27.8% 37 35.6% 0.119
duration >10 years 15 41.7% 27 26.0%
No biological therapy 34 94.4% 66 63.5%
Golimumab 2 5.6% 21 20.2%
bDMARDs Adalimumab 0 0.0% 7 6.7% 0.011
Tocilizumab 0 0.0% 7 6.7%
Infliximab 0 0.0% 3 2.9%

Notes: RA: theumatoid arthritis; AS: ankylosing spondylitis; SLE: systemic lupus erythematosus; SSc: systemic
sclerosis; GCS: glucocorticosteroids; NSAIDs non-steroidal anti-inflammatory drugs; csDMARDs: conventional
synthetic disease-modifying antirheumatic drugs; bDMARD:s: biologic disease-modifying antirheumatic drugs.

Among patients with AIRD, 30 (83.3%) were treated on the ward, and 6 (16.7%)
were treated in the intensive care unit (ICU). The percentage of patients who required
oxygen therapy was significantly higher in the AIRD group compared to the control group
(23 (16.4%) vs. 5 (3.5%), p = 0.004). Invasive mechanical ventilation was necessary for
five patients (3.5%) treated in the ICU, most of whom were women (1 = 4) and used

12



Medicina 2024, 60, 1377

baseline DMARDs such as methotrexate, leflunomide, azathioprine, and sulfasalazine, all
of which were discontinued during the infection period. In comparison, in the control
group, three patients (2%) were treated in the ICU, with two (1.4%) requiring invasive
mechanical ventilation. A statistical analysis of the results comparing patients with AIRDs
with controls is presented in Figure 2.

When analysing complications, 25 cases (n = 17.8%) were recorded in patients in
the AIRD group, while only 14 people (n = 10%) in the control group had unfavourable
consequences of infection. There were no statistically significant differences between the
two groups (p = 0.147). As shown in Figure 2, these were respiratory failure in nine patients,
pericarditis in three, acute heart failure in two, and ischemic stroke, deep vein thrombosis,
ulcer, and pancreatic necrosis in one patient. Acute respiratory distress syndrome possibly
associated with underlying SSc was recorded in one woman. More than two complications
had five patients with AIRDs. The comparison of complications in the study groups is
shown in Figure 3.

B Asymptomatic B Mild = Moderate B Severe or critical
9%

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%
Cases Controls

Figure 1. Proportions of the severity of COVID-19 in the case and control groups.
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invasive/invasive
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Figure 2. Comparison of COVID-19 outcomes between study groups.
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AIRDs group (n=25)

= Respiratory failure (n=9)

= Kidney, liver, skin (n=6)
= Pericarditis (n=3)
Acute heart failure (n=2)

= Stroke (n=1)

u Ulser (n=1)

= Acute respiratory dystress
i)yndrome (n=1)

= Panckreonecrosis (n=1)

= Trombosis (n=1)

Control group (n=14)

= Respiratory failure (n=7)
= Kidney,liver,skin (n=4)
= Acute heart failure (n=1)

Pericarditis (n=1)

= Pancreatitis (n=1)

Figure 3. The comparison of COVID-19’s complications.

Table 6. Characteristics of hospitalised patients (control group).

Hospitalisation
Control Group Yes No 4
N % N %
Male 4 36.4% 43 33.3%
Gender Female 7 63.6% 86 66.7% 0.838
18-44 0 0.0% 86 66.7%
45-59 1 9.1% 34 26.4%
Age 60-74 8 72.7% 9 7.0% <0.001
75-90 2 18.2% 0 0.0%

. No 0 0.0% 86 66.7%
Comorbidity o 11 100.0% 43 33.3% <0.001
No 6 54.5% 85 65.9%

Smoking Yes 3 27.3% 29 22.5% 0.719
Past smokers 2 18.2% 15 11.6%

3.2. Factors Related to Severe SARS-CoV-2 Infection in Patients with AIRDs

We compared the main characteristics of patients with AIRD who had a mild infection
with SARS-CoV-2 with those who developed a severe infection with SARS-CoV-2 in Table 7.
Patients with severe SARS-CoV-2 were more likely to have the following risk factors: age

14
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over 45 years, diabetes mellitus, hypertension, cardiovascular disease, cerebrovascular
disease, and chronic kidney and lung disease. It is noteworthy that 50% of patients
hospitalised with AIRD who had chronic obstructive or interstitial lung disease were
smokers. The high disease activity at the onset of the infection, the long duration of the
disease, the GCs therapy for more than 10 years, and the dose of steroids more than 10 mg
in a prednisolone equivalent were also associated with a severe course of infection.

Table 7. Factors associated with severe and non-severe SARS-CoV-2 infection in 140 patients with

autoimmune rheumatic diseases.

SARS-CoV-2 Severity

Factors Mild/Moderate Severe/Critical 4
n % n %
Male 33 28.0% 4 18.2%
Gender Female 85 72.0% 18 81.8% 0.339
1844 44 37.3% 2 9.1%
45-59 51 43.2% 13 59.1%
Age 6074 17 14.4% 7 31.8% 0.019
75-90 6 5.1% 0 0.0%
RA 53 44.9% 10 45.5%
. . AS 31 26.3% 4 18.2%
Diagnosis SSc 13 11.0% 3 13.6% 0.840
SLE 21 17.8% 5 22.7%
Comorbidity 61 51.7% 21 95.5% 0.000
Hypertension 28 23.7% 17 77.3% 0.000
Cardiovascular pathology 7 5.9% 5 22.7% 0.010
Diabetes mellitus 3 2.5% 11 50.0% 0.000
Chronic obstructive/interstitial lung disease 12 10.2% 10 45.5% 0.000
Cerebrovascular pathology 3 2.5% 3 13.6% 0.018
Cancer 3 2.5% 2 9.1% 0.129
Obesity 7 5.9% 4 18.2% 0.050
Psoriasis 3 2.5% 0 .0% 0.450
Hepatitis 3 2.5% 1 4.5% 0.605
Chronic kidney disease 0 0.0% 4 18.2% 0.000
Hypo/hyperthyroidism 7 5.9% 3 13.6% 0.198
Inflammatory bowel disease 13 11.0% 7 31.8% 0.010
No 85 72.0% 17 77.3%
Smoking Yes 17 14.4% 5 22.7% 0.144
Past smokers 16 13.6% 0 0%
Remission 46 39.0% 1 4.5%
Disease activity at the time of Low/moderate 47 39.8% 5 22.7% 0.000
infection High activity 19 16.1% 13 59.1% ’
Unknown 6 5.1% 3 13.6%
No 75 63.6% 5 22.7%
<5m 24 20.3% 3 13.6%
GCS (doses) 5-10 n%g 13 11.0% 10 45.5% 0.000
>10 mg 6 5.1% 4 18.2%
<5 years 18 15.3% 2 9.1%
5-10 years 43 36.4% 2 9.1%
AIRD duration 11—20yyears 19 415% 13 59.1% 0.011
>20 years 8 6.8% 5 22.7%
No 76 64.4% 5 22.7%
GCS therapy duration 1-5 years 23 19.5% 2 9.1% 0.000
<5 years 19 16.1% 15 68.2%
5-10 years 45 38.1% 6 27.3%
Duration csDMARDs >10 years 42 35.6% 5 22.7% 0.082
>10 years 31 26.3% 11 50.0%
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Table 7. Cont.

SARS-CoV-2 Severity

Factors Mild/Moderate Severe/Critical 1
n Y% n %
No immunosuppressive 34 28.8% 5 22.7%
therapy

Metotrexate 43 36.4% 9 40.9%
Leflunomide 16 13.6% 3 13.6%

csDMARDs Mycophenolatmophetil 6 5.1% 1 4.5% 0.955
Sulfasalazine 1 0.8% 0 0.0%
Hydroxychloroquine 9 7.6% 1 4.5%
Azathioprine 9 7.6% 3 13.6%

NSAIDs (regular) 17 14.4% 8 36.4% 0.014
No biological therapy 79 66.9% 21 95.5%
Golimumab 22 18.6% 1 4.5%

bDMARDs Adalimumab 7 5.9% 0 0.0% 0.111
Tocilizumab 7 5.9% 0 0.0%
Infliximab 3 2.5% 0 0.0%

Notes: GCS: glucocorticosteroids; NSAIDs: non-steroidal anti-inflammatory drugs; csDMARDs: conventional
synthetic disease-modifying antirheumatic drugs; bDMARDs: biologic disease-modifying antirheumatic drugs.

These severity factors are also demonstrated in Figure 4, in which the p-values and
the unadjusted odds ratios for each factor have been calculated. Although the confidence
intervals were wide due to the small sample, the highest OR was found in the presence of
diabetes (OR = 38.3 (9.28-158.36)) and high autoimmune activity (OR = 31.47 (3.84-257.79)).

Odds ratio of severe and critical COVID-19
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Lung disease
Cerebrovascular pathology
Obesity

Inflammatory bowel disease
Low/moderare activity
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GCS>10 mg
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Figure 4. Predictive severity factors of COVID-19 in 140 patients with autoimmune rheumatic diseases.
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4. Discussion

Patients with AIRDs have increased risks of COVID-19 infection [16,22] and severe
forms of COVID-19 with mortality [23-25]. The “vulnerability” of this cohort can be
explained for a number of reasons.

First, immune dysregulation as a result of AIRD can affect innate immune responses,
which play a crucial role in preventing virus replication and developing an adaptive
immune response [26]. Disability to reduce viral load in the early stages of the disease
can lead to a hyperinflammatory reaction leading to tissue damage and multiple organ
failure [27]. In patients with AIRD and verified COVID-19, a more severe degree of
respiratory failure was observed compared to patients without a background disease [28].
Secondly, COVID-19 per se affects both the course of AIRD and antirheumatic therapeutic
options. Contrary to that, the drugs used to treat AIRDs can affect the outcomes of
COVID-19. Along with the studied factors of unfavourable prognosis in patients with
AIRDs, the severe course of COVID-19 was associated with the use of GCS, anti-B-cell
therapy [6,29], and Janus-kinase inhibitors (JAK) [30]. Thirdly, the peculiarities of the
COVID-19 in patients with AIRDs echoed the issues of short-term infection or persistent
neurological, respiratory, cardiovascular, endocrine consequences (including the post-
COVID syndrome), or consequences of vaccination against COVID-19, with the need to
study the frequency of this manifestations as well as their further impact on the course of the
systemic disease. It is important to highlight that the increased exposure of rheumatological
patients to COVID-19 has significant public health implications, particularly regarding their
ability to work. This situation results in economic strain not only for individual families,
but also on a broader social scale [31].

Our research shows that people with AIRDs had a higher susceptibility to severe
SARS-CoV-2. More patients in the AIRDs group required hospitalisation, oxygen, and
mechanical ventilation. These findings are consistent with those of a report on a large
national cohort study in Denmark [32], in which patients diagnosed with AIRD were more
likely to suffer from severe COVID-19 with a substantial increased risk of and mechanical
ventilation. In a recent retrospective study conducted in Poland [33], patients with AIRDs
required considerably more high-flow nasal oxygen and/or noninvasive ventilation. Inter-
estingly, some previous studies have not identified significant differences in hospitalisation
requirements [34] and admission to the ICU [35] between cohorts. However, a metanaly-
sis showed [22] that the incidence of hospitalisation and serious clinical treatment (ICU
admission and mechanical ventilation) was significantly higher in rheumatological patients.

It is crucial to clarify the clinical data and the factors that impact the prognosis of
individuals with autoimmune diseases during the SARS-CoV-2 era, especially regarding
the course of the disease [36]. Recent matched case—control studies have indicated that
COVID-19 infection affects individuals with and without rheumatic disease in a similar
way. In Nas’s research [37], rheumatologic patients had higher rates of anosmia, ageusia,
dyspnoea, myalgia, arthralgia, and gastrointestinal symptoms. In our study, arthralgia,
shortness of breath, and depression symptoms were statistically higher in the AIRDs group.
In contrast, patients in the control group were more likely to have headaches, dysgeusia,
and anosmia.

The COVID-19 Global Rheumatology Alliance (C19-GRA) established a physician-
reported registry for individuals with rheumatic diseases and COVID-19 at the start of
the pandemic. This registry has offered valuable insights into the outcomes of COVID-19
for those with rheumatic conditions [38]. The C19-GRA reported [29] that cardiovascular
disease, combined with hypertension and chronic lung and kidney disease, were associated
with higher odds of death. This may be explained by the pathogenetic characteristics of
SARS-CoV-2 viruses, of which the cytotoxic effect is mediated by tropism to the ACE-2
receptor, expressed mainly in the heart, lungs and kidneys [39—41]. Additionally, factors
related to an increased risk of hospitalisation included advanced age, high disease activity,
and treatment with GCs greater than 10 mg per day [42]. In the study, we identified risk
factors for severe COVID-19 infection in theumatological patients and confirmed that older
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age, hypertension, diabetes, cardiovascular, chronic lung and kidney disease, and high
disease activity were positively correlated with the severity of COVID-19. These results are
consistent with those reported in the existing literature [29,42,43].

Pablos et al. [34] found a higher prevalence of obesity and cardiovascular disorders in
people with COVID-19 and AIRD. In particular, the prevalence of comorbidity background
in our cohort consisted of 44%. We found no significant disparity between the research
groups in terms of incidence and type of comorbidity, except for arterial hypertension.

In line with comorbidities, age was associated with hospitalisation during the COVID-19
pandemic in further studies [22,40]. In the study Fonseca D. et al. [44], the severity of
COVID-19 correlated with an age-related increasing of the titres of autoantibodies to
cardiolipin, claudine, and platelet glycoprotein, which were identified as stratification
markers of severe COVID-19 patients aged >50 years. The severe course of COVID-19 in
the elderly can also be explained by the “ageing” phenomenon of the immune system with
a decrease in physiological reserves [45]. Interestingly, in our study, patients with severe
infection were more likely to have an age younger than 45 years. The severe course of
infection was correlated with the male sex [46,47]. We did not find a statistical significance
between the sex and the severity of the COVID-19 infection, which was probably due to
the small sample size, and this is one of the limitations of our study.

There is an increasing amount of literature highlighting racial and ethnic health
disparities related to COVID-19. Some studies have shown that racial and ethnic minorities,
particularly Asians, experience worse COVID-19 outcomes compared to others [48,49].
The C19-GRA study found that Asian, African American, and Latin patients had higher
odds of hospitalisation compared to White patients [50]. Additionally, racial and ethnic
minority patients with rheumatic conditions tend to face a greater burden of disease [51],
with higher disease activity, poorer functional status, and lower quality of life compared to
White patients [52]. Unfortunately, the small sample size in our study limited the ability to
examine racial predisposition to severe outcomes of COVID-19. More research is needed to
understand and address the underlying causes of these disparities, especially those related
to socioeconomic status and healthcare access.

Strangfeld A. et al. have shown [29] that treatment with rituximab, azathioprine, sul-
fasalazine, mycophenolate mofetil, cyclosporine, tacrolimus, and GCs at an equivalent dose
of prednisolone of 10 mg/day was also associated with increased mortality risks compared
to methotrexate monotherapy. According to data from the French cohort of rheumatological
COVID-19, rheumatological drugs associated with severe infection were corticosteroids,
mycophenolate mofetil, and rituximab [53]. On the contrary, b-DMARDs, such as antitu-
mor necrosis factor «, were not associated with severe COVID-19 infection and appear to
lead to a reduction in the risk of severe COVID-19 [10]. In our study, 101 patients used
¢s-DMARD, and 40 patients used b/DMARD. Some associations between cs-DMARDs
and the severity of infection were not detected in our study. Conversely, the proportion
of b/DMARD-received patients among non-hospitalised cohort was significantly higher.
This circumstance allows one to consider the use of b/DMARD as a protective factor of the
course of the severe infection. Previous evidence obtained from other studies showed an
increased severity of the disease in patients receiving rituximab [54,55], which could lead
to persistent viremia without low viral clearance [56,57]. Notably, none of the patients in
our study received anti-B cell therapy.

Other unique risk factors for patients with ARDs with a possible impact on the severity
of SARS-CoV-2 infection were the use of oral GCs. Corticosteroid treatment was associated
with a more severe course of the disease, and the negative impact of oral corticosteroids,
regardless of the indication, has been well proved in recent studies [6,29,58,59]. Treatment
with higher dosages of glucocorticoids (>10 mg/day prednisolone-equivalent dose vs.
no use) was also found to be associated with hospitalisation and mortality [29]. The
probable reasons for this are the high activity of AIRD, which requires increasing the dose
of GCS [29], as well as the potentially negative effect of steroid therapy on the process of
viral replication [43]. In our rheumatic disease group, more than 42% were on baseline
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GCs therapy, of whom 62.5% used low doses (<10 mg/day). As we found, GCS in a
dose > 10 mg/day was significantly associated with severe SARS-CoV-2. In contrast, the
efficacy of high-dose GCs for the treatment of SARS-CoV-2 was shown in the RECOVERY
study [60]. The cause of this discrepancy may be explained by the timing of use in relation
to the diagnosis of SARS-CoV-2 [43].

In our study, we found significant differences in terms of infection development and
AIRD duration; however, no clear relationship between these aspects has been observed in
the literature.

Limitations and Strengths of the Study

Our study has some limitations that should be considered when interpreting the
results, including the lack of laboratory parameters, such as C-reactive protein, ferritin,
and interleukins levels. In this retrospective design, data collection could be subject to
potential biases and affect all groups of patients, both cases and controls, in the same way.
In particular, there was a rapid development of scientific knowledge around COVID-19,
including the development of COVID-19 vaccines and the mutation of virus variants.
Unfortunately, our data were collected over a long period of time and may not reflect
the current situation. Interpreting the prevalence of depression symptoms in the main
group of our study could introduce bias, as these symptoms are generally more common
in individuals with AIRDs than in the general population. Additionally, a significant
limitation of our research was the exclusion of deceased COVID-19 patients from the
outcome measures, which could lead to bias, particularly in underestimating the impact
of COVID-19 on the AIRD population in our region. This exclusion may also affect the
results by hindering a comprehensive understanding of the full spectrum of disease severity.
Lastly, the sample size was insufficient to include a broader range of diagnoses, limiting our
ability to extrapolate the effects of rare specific diagnoses or less commonly used DMARDs
on COVID-19 infection.

However, our study has several strengths. We manually recruited the patient sample
evaluated within multiple medical centres in a single city. Subsequently, using the online
DAMUMED database, we were able to conduct a case—control study matched with propen-
sity score, adjusted for age, sex, and comorbidities commonly associated with the severity
of COVID-19. These factors were well balanced between the two groups. Free access to
patient medical records allowed us to verify information on the diagnosis of underlying
AIRDs, comorbidities, treatment, and outcomes. The study population was from a single
centre with a unified management protocol for COVID-19 infection, which eliminated
inconsistencies in quality of care between study subjects. The included outcomes measures
for oxygen therapy and ventilation support were objective guided by objective clinical
measures and were not affected by caregiver decisions or pandemic circumstances. On
the contrary, due to the limitations of resources during pandemic peaks, hospitalisation
criteria could change, affecting study outcomes. Our definition of severe SARS-CoV-2
infection was compatible with the WHO definition and recommended in the updated
WHO guidelines for September 2020. All SARS-CoV-2 cases were confirmed by PCR tests
in medical centres, which were providers of COVID-19 care in Astana during the pandemic.
Importantly, the extensive tracking and testing strategy applied in Kazakhstan allowed us
to identify cases with mild or no symptoms. Therefore, our study reflects the true rate of
severe COVID-19 infection. Finally, to our knowledge, this is the first study in our region
that has provided global data on the prognostic factors of this infection in individuals with
rheumatic diseases.

5. Conclusions

In this study, we extracted data from Astana, Kazakhstan, on the baseline charac-
teristics, outcomes, and risk factors of COVID-19 in patients with AIRDs. Compared to
non-AIRD controls, AIRD patients required hospitalisation, oxygen therapy, and invasive
mechanical ventilation more frequently. The age over 45 years, diabetes mellitus, hyper-
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tension, cardiovascular and cerebrovascular disease, and chronic kidney and chronic lung
disease were identified as risk factors for the severe SARS-CoV-2. The AIRD-mediated fac-
tors, as the high disease activity, the duration of the disease, the GCs therapy for more than
10 years, and the dose more than 10 mg in a prednisolone equivalent were also associated
with a severe course of infection.

The authors hope that the results contribute to the growing volume of evidence on the
clinical characteristics and outcomes of SARS-CoV-2 in this cohort of patients. In summary,
our study had serious limitations of the small sample size, retrospective design, potential
biases in terms of using self-report data, and exclusion of COVID-19-associated death
from the outcome measures. Therefore, more research with larger sample sizes is needed
to further characterise the infection process in patients with AIRDs. Realising regional
guidelines and research can help accumulate personal experience and knowledge on aspects
of SARS-CoV-2 and rheumatology, as well as optimising the treatment of rheumatological
patients in the post-pandemic era.
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Abstract: Self-efficacy is an important ingredient in successful disease management, especially in
patients with chronic conditions such as rheumatoid arthritis (RA). However, the information on
self-efficacy and its influencing factors among RA patients is scarce. This study investigated the
level of self-efficacy and its pertinent predictors among RA patients in Taiwan. This cross-sectional
study recruited patients with RA from a hospital in Taiwan between January and October 2023. A
structured questionnaire was used to collect data on respondents” demographic and job characteristics
and included a Chinese version of the Arthritis Self-Efficacy Scale (ASES). Multiple linear stepwise
regression analysis was employed to identify predictors of self-efficacy. A total of 284 RA patients
were enrolled during the study period. The mean ASES score among enrollees was 1607.1, indicating
a moderate level of self-efficacy (score range of 200-2000). The regression model displayed that those
with higher disease activity scores, Taiwanese Depression Questionnaire scores, fatigue level, shorter
disease duration, swollen upper limb joints, and no regular exercise regimen reported lower ASES
scores, accounted for 46% of the total variance. The study findings may be useful for healthcare
providers in identifying RA patients with low self-efficacy attitudes, a trait that appears to be linked to
several medical indicators, and thus facilitating the provision of future tailored healthcare regimens.

Keywords: self-efficacy; rheumatoid arthritis; arthritis self-efficacy scale; factors; Taiwan

1. Introduction

Rheumatoid arthritis (RA) is a chronic immune-mediated systemic disease that causes
persistent joint inflammation. Because RA mainly affects persons of working age, this
condition takes a heavy toll on physical functioning and work capacity [1]. Approximately
30% of the affected individuals become disabled within the first 3 years of RA onset, posing
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a high socioeconomic burden [2]. A recent study reports that the all-cause societal cost
of RA annually is approximately USD 40 billion, and the per-capita healthcare costs for
people with RA are equal to USD 20,919, triple that of those with no RA [3].

In addition to posing a profound economic burden, RA is a precursor of a wide
array of comorbid conditions caused by chronic inflammation, including cancer, kidney
dysfunction, lung disease, and cardiovascular disorder [4-7]. A recent study based on
real-world data reports that the life expectancy of people with RA is 3-10 years shorter
than the general population [8]. Successful adjustment to living with a debilitating chronic
disorder, such as RA, requires that a patient possess sufficient knowledge, skills, and a
positive attitude [9]. A concept developed by Albert Bandura’s social cognitive theory,
namely self-efficacy, represents an individual’s belief in his or her capacity to effectively
achieve specific performance attainments [10]. Since then, this concept has been viewed
as a cornerstone in the field for managing chronic disease. Accumulating evidence these
days shows that the higher the level of self-efficacy, the better a patient copes with the
impact of a chronic illness [11,12]. One observational study of 3266 arthritis patients
reports that baseline self-efficacy level significantly correlated with a higher frequency of
physical activity per week and a lower self-reported pain level [13]. Hence, the rationale
behind self-efficacy-based educational interventions can substantially improve individual
self-management routines, which in turn would assist patients in coping successfully
with subsequent manifestations of this disease [14,15]. On top of that, the topic of self-
efficacy has been discussed and viewed as a priority in the recent recommendations by
the European Alliance of Associations for Rheumatology (EULAR) for the management
of inflammatory arthritis, as it profoundly boosts individual treatment adherence [16].
Therefore, to enable the use of tailored strategies geared at preventing or lessening the
likelihood of poor prognosis, targeted assessment of self-efficacy among people with RA is
of outmost importance.

Today, the global prevalence of persons living with RA is increasing. Based on the
estimation from one recent review, the annual incidence of RA is 20-50 per 100,000 persons
in European countries [17]; likewise, RA affects 0.6% to 1% of the adult population in
the USA, with an incidence of 44 per 100,000 US adults per year [18]. In Taiwan, the
estimated number per 100,000 persons living with RA has arisen from 57.7 in 2000 to 99.6
in 2007, with an increase of 73% [19]. In such a case, the majority of existing literature in
Taiwanese rheumatology cohorts still focuses on epidemiological surveys [20], nursing
interventions [21], and assessment of complementary therapies, like herbals and acupunc-
ture [22,23]. Thus far, very few studies have explored the role of self-efficacy among RA
patients, thus hampering the provision of appropriate rehabilitation at an early stage of the
condition. To minimize this gap, the purpose of this study was to explore the self-efficacy
and its associated factors among RA patients in Taiwan, with the goal of securing findings
that could serve in helping patients to cope with and manage the sequelae of RA.

2. Materials and Methods
2.1. Study Design and Subjects

This cross-sectional study was conducted at a teaching hospital in Taiwan. Participants
who visited the clinic of rheumatology and immunology between January and October 2023
were enrolled. The study cohort included persons who were: (1) over 20 years of age;
(2) able to effectively express their opinions using oral and written communication skills;
(3) able to speak Mandarin or Taiwanese; and (4) having RA diagnosis for more than
3 months and made by the rheumatologist in the target hospital using the 2010 classification
criteria established by the American College of Rheumatology and the European League
Against Rheumatism (EULAR) [24,25]. The excluded criteria included the following:
having a serious cognitive impairment or disconinuing the participation at any phase of this
study. The sample size needed in this survey was established by Cohen’s methodology [26],
where a was set to 0.05, power was set to 0.8, and the effect size was set to 0.15. In accordance
with the aforesaid indices and the considerations of multivariate linear regression analysis
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and the number of predictors involved, a sample of at least 82 subjects was required
for this investigation via G-POWER 3.1 analytical software (Heinrich Heine University,
Dusseldorf, Germany).

2.2. Assessments

Patients” data were collected using the Chinese version of the Arthritis Self-Efficacy
Scale (ASES) and an additional questionnaire that contained information on demographic
and disease features. The ASES, developed by Lorig and colleagues in the late 1980s [27],
assesses and classifies pain (5 items), physical function (9 items), and other symptoms
(6 items), all of which are used to determine perceived self-efficacy during the past month.
using the aforesaid domains. Respondents rank each item out of the total 20 items on a
ten-point scale classification, ranging from 10 (very uncertain) to 100 (very certain), and
overall scores are obtained by summing the scores for all answers, with higher scores
indicating higher self-efficacy [27]. As of now, the scale has been so far proven acceptably
reliable and valid for measuring self-efficacy across the rheumatic disease spectrum [11].

ASES has been translated into Chinese by Tsai and colleagues among Taiwanese
patients with rheumatic diseases. They examined the validity of the Chinese version of
ASES by comparing results with those of the Taiwanese Depression Questionnaire (TDQ)
and reported a significant negative correlation coefficient of —0.69 (p < 0.01) [28]. In
addition, they used principal factor analysis on data obtained from 258 rheumatology
patients to assess the construct validity of the Chinese version of ASES. After using the
Kaiser-Meyer—-Olkin index, they applied principal component analysis with orthogonal
rotations to extract three factors from these 20 items based on an eigenvalue greater than
1.0 and factor loading greater than 0.4; each item loaded on the 3 domains as expected,
with 59.78% of the total variance explained. As for overall internal consistency, the findings
showed Cronbach’s alpha coefficients of 0.82, 0.84, and 0.89 for pain, other symptoms, and
physical function, respectively [28]. Cronbach’s alpha for the Chinese version of ASES was
0.94 in the current study.

The second part of the questionnaire contained information on demographic and
disease characteristics, all of which were extracted from previous studies and clinical
experience [29]. The demographic data collected included sex, age, marital status, educa-
tion, monthly income, living status, religion, and lifestyle factors including smoking and
exercising. Those who responded “currently” or “yes/past” to smoking were classified
as smokers. Regular exercisers were defined if the subjects exercised for at least 20 min
thrice weekly, including running, walking, stair climbing, swimming or cycling, etc. The
disease characteristics included the accompanying chronic diseases (diabetes mellitus,
hypertension, heart disease, stroke, or cancer), disease activity score in 28 joints (DAS28),
duration of RA, body mass index (BMI), self-rating fatigue level, and depressive symptoms
as assessed by the visual analog scale (0-10 scale) and TDQ), respectively. Additionally, the
prescriptions of biological disease-modifying anti-rheumatic drugs (DMARDs) covered
etanercept, adalimumab, infliximab, or rituximab. Participants were asked if they had ever
taken biological DMARDs for more than 3 months after RA onset. All of the aforesaid
clinical characteristics were confirmed by chart review.

2.3. Data Gathering Procedure

To safeguard enrollees’ rights, the researchers explained the purpose of this study and
its procedures. Informed consent was obtained after subjects understood and agreed to
take part in this survey. During the survey administration period, the researchers were
available to answer any inquiries regarding the questionnaires. Those who were unable
to complete the questionnaires in the allotted time were given the questionnaires and a
pre-stamped addressed envelope to take home and were asked to return them within one
week. To ensure patients” anonymity, the questionnaires were returned with no identifying
information on them. Throughout the study period, subjects had the option to withdraw
from the study at any time. Before commencement of this study, approval was given by
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the Ethics Committee and Scientific Council of the Buddhist Dalin Tzu Chi Hospital on
January 2023 (No. B11201014).

2.4. Data Analysis

All study variables were obtained during the initial entry into this study. The data
normality was evaluated using the Kolmogorov-Smirnov criteria (p > 0.05 for all variables)
and Q-Q normality plots. The data for all variables were reasonably normally distributed,
allowing for analysis using parametric methods. Baseline characteristics are reported as the
mean =+ standard deviation (SD) for continuous variables and frequencies and percentages
for categorical variables. Thereafter, the independent ¢ test, analysis of variance (ANOVA),
and Pearson correlation were used to analyze the bivariate relationships between baseline
data and self-efficacy level. When applying ANOVA, a subsequent post hoc test with the
Bonferroni procedure was performed for multiple comparisons. Variables that correlated
significantly with the criterion measure (ASES scores) were entered into multiple linear
stepwise regression analysis to determine significant predictors of self-efficacy. Mean-
while, to identify possible multicollinearity across self-efficacy predictive variables, we
conducted collinearity analysis with the variance inflation factor (VIF) before conducting
multiple regression analysis. Assumptions of normality, linearity, and homoscedasticity
were tested as well. All analyses were conducted using SAS version 9.3 (SAS Institute Inc.,
Cary, NC, USA), and a p-value below 0.05 was considered statistically significant.

3. Results
3.1. Demographic Data and Disease Characteristics

Of the eligible subjects who were initially recruited as participants, a total of 284 question-
naires were returned within the study period. The mean age for the recruited patients was
54.1 years (SD = 15.4). The majority were females (78.9%), married (80.3%), had a lower educa-
tional level (below 9th grade) (54.2%), and were cohabitating (87.3%). More than two-thirds
of the enrollees had a monthly income of <30,000 New Taiwan dollars (NTD) (70.1%) and
reported having other concurrent comorbidities (60.9%). Slightly less than half reported regular
exercising routines (48.2%), and approximately 80% were non-smokers. The mean TDQ in this
group was 15.3 (SD = 9.1). The mean duration of RA was 9.7 years (SD, 5.6), and the average
BMI, fatigue, and DAS28 were 24.1 (SD = 4.5), 3.3 (SD = 2.1), and 3.5 (SD = 1.3), respectively
(Table 1).

Table 1. Demographic data and disease characteristics (N = 284).

Variables Mean + SD 1 (%)
Demographic data
Gender
Male 60 (21.1)
Female 224 (78.9)
Marital status
Single 56 (19.7)
Married 228 (80.3)
Educational level
Low (below junior college) 154 (54.2)
High (above junior college) 130 (45.8)
Monthly income
<NTD 30,000 * 199 (70.1)
>NTD 30,001 85 (29.9)
Living status
Living alone 36 (12.7)
Cohabitating 248 (87.3)
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Table 1. Cont.

Variables Mean + SD n (%)
Cigarette smoking
Yes 58 (20.4)
No 226 (79.6)
Regular exercise
Yes 147 (51.8)
No 137 (48.2)
Age (years) 541 +154
Disease characteristics
Disease duration (years) 9.7 £5.6
Swollen joint site
Upper limbs 149 (52.5)
Lower limbs 120 (42.3)
Both 15(5.2)
Comorbidity
Yes 173 (60.9)
No 111 (39.1)
Biological agents
Yes 169 (59.5)
No 115 (40.5)
BMI 241+45
DAS28 35+13
Fatigue 33+21
TDQ 153 £9.1

BMI: body mass index; DAS28: disease activity score in 28 joints; TDQ: Taiwanese Depression Questionnaire;
NTD: New Taiwan dollar; * USD 1 = 32.19 at the study period.

3.2. ASES Subscale Scores

The mean ASES score was 1607.1 (SD = 337.56). Likewise, the subscales of ASES are
shown in Table 2 as well. We noted that “physical function subscale” had the highest
standardized score, followed by “other symptoms subscale” and “pain subscale”, with
scores of 89.0, 79.6, and 65.6, respectively.

Table 2. Mean and SD of the three ASES subscale scores (N = 284).

Dimension Mean SD Standardized Score ® Rank
Physical function (90-900) 801.4 145.1 89.0 1
Other symptoms (60-600) 477 4 129.4 79.6 2
Pain (50-500) 328.2 126.1 65.6 3
Total score (200-2000) 1607.1 337.6

SD: standard deviation. V) Standardized scores: mean + total score x 100%.

3.3. Correlations among Demographic Data, Disease Characteristics, and ASES Scores

Regarding the correlation analysis results, we noted that those engaging in regular
exercise had higher self-efficacy (t, —3.45; p < 0.001) (Table 3). Most of the measured disease
characteristics correlated with the ASES score, with the exception of comorbid conditions
and the use of biological agents. For example, disease duration (1, —0.43; p < 0.001), swollen
joint site (F, 38.34; p <0.001), DAS28 (r, —0.45; p < 0.001), fatigue (r, —0.35; p < 0.001), and
TDQ score (r, —0.42; p < 0.001) all correlated negatively with ASES scores (Table 4).

We observed a positive correlation between RA duration and the ASES score, suggest-
ing that those with a longer disease duration since RA onset reported greater self-efficacy.
We further analyzed this correlation using disease duration stratified into three time peri-
ods: <3 years, 4-7 years, and >7 years. The mean ASES scores for the three-time frames
were 1260.26 (SD = 358.47), 1512.53 (SD = 412.66), and 1712.53 (SD = 233.79), respectively
(test for trend, p < 0.05) (Figure 1).

28



Medicina 2024, 60,

1653

Table 3. Comparison of ASES by participants’ baseline characteristics (N = 284).

ASES Score
Mean SD P Bonferroni

Demographic data
Gender

Male 1668.25 369.91 0412

Female 1590.53 328.63 )
Marital status

Single 1565.35 343.31 0312
Married 1617.16 337.38 ’
Educational level

Low (below junior college) 1584.28 353.08 0312

High (above junior college) 1617.16 319.83 :
Monthly income

<NTD 30,000 1590.07 349.97 0202

>NTD 30,001 1646.45 308.66 )
Living status

Living alone 1533.90 297.49 0172

Cohabitating 1617.55 343.39 )
Cigarette smoking

Yes 1639.44 384.16 0542

No 1602.23 332.05 )
Regular exercise

Yes 1673.08 301.72

No 1535.99 361.99 0.001%
Age (years) 0.73"°
Disease characteristics
Disease duration (years) 0.001°
Swollen joint site

@ Upper limbs 1466.04 348.76

@ L(fvger limbs 1785.36 227.34 <0.001 © ®@; SD <'D®

® Both 1579.33 327.45
Comorbidity

Yes 1587.72 350.61 0.802

No 1637.38 318.01 :
Biological agents

Yes 1617.88 307.43 0.882

No 1590.21 380.19 )
BMI 0.09°
DAS28 <0.001 P
Fatigue <0.001°
TDQ <0.001°

ASES: Arthritis Self-Efficacy Scale; SD: standard deviation; BMI: body mass index; DAS28: disease activity score
in 28 joints; TDQ: Taiwanese Depression Questionnaire; NTD: New Taiwan dollar. * By independent f test; ® by

Pearson correlation; © by ANOVA test.

Table 4. Multiple stepwise regression analysis predicting ASES scores among RA patients (N = 284).

Standardized Unstandardized

95% Confidence

. 2
Coefficient * Coefficient Adjusted R p VIE Interval

DAS28 score ~0.23 5547 0.20 <0.001 1.14 ~79.42——31.82
Swollen joint site ~0.32 —67.97 0.30 <0.001 1.09 —99.71-—43.22
(Upper limbs)

TDQ score ~0.20 ~3.51 0.38 <0.001 1.19 —7.07--0.59
{;‘ﬁ;ﬂar exercse 0.14 86.17 0.41 0.004 1.02 32.16-112.19
Fatigue ~0.18 ~23.66 0.44 0.004 1.12 —35.66-——16.69
Disease duration 0.20 88.42 0.46 0.003 1.01 67.38-107.46

DAS28: disease activity score in 28 joints; TDQ: Taiwanese Depression Questionnaire; VIF: variance inflation
factor. * Positive values indicate a higher level of self-efficacy.
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Figure 1. ASES score vs. disease duration of having RA. ASES: Arthritis Self-Efficacy Scale; RA:
rheumatoid arthritis.

3.4. Determination of Factors Contributing to Self-Efficacy Using Multiple Linear
Stepwise Regression

After fitting multiple linear stepwise regression analysis, we identified six variables
that correlated with the ASES score among RA enrollees: DAS28 score, TDQ score, fatigue
level, disease duration, swollen joint site, and regular exercise or not, all of which jointly
accounted for 46% of the ASES score variance (Table 4). RA patients with higher scores
for DAS28, TDQ, and fatigue and those with a shorter disease duration exhibited lower
self-efficacy. In addition, those who did not engage in regular exercise and those with
swollen upper limbs tended to report a lower level of self-efficacy.

4. Discussion

Robust self-efficacy in patients may improve clinical prognoses for RA persons [12]. It
is believed that lower levels of self-efficacy may hamper any advances of modern disease-
modifying treatments [15]. Thus, the importance of timely assessment of self-efficacy
among RA patients cannot be over-emphasized. To date, only a few studies have explored
self-efficacy and its contributing factors among RA patients. A key finding from this study
showed that the predictors of RA patients’ self-efficacy included those with swollen upper
limb joints, higher levels of fatigue, TDQ and DAS28 scores, engaging in limited exercise
regimens, and shorter disease duration, all of which explained 46% of ASES variance. These
findings can help health professionals learn more about these patients. Additionally, it may
serve as a reference for developing individualized strategies to help RA persons cope with
the accompanying clinical manifestations.

We observed in this study that RA subjects with swollen upper limbs reported lower
self-efficacy. Previous studies have not investigated ASES scores with respect to specific
sites of swollen joints, making direct comparison to previous results difficult. Neverthe-
less, our results corroborate the findings of Walker—Bone, who showed that upper limb
impairments were common among those coping with musculoskeletal disorders [30]. We
speculate that RA patients with swollen upper limbs were more likely to experience dif-
ficulty in carrying out activities of daily living, such as feeding, bathing, dressing, and
answering the phone, thereby decreasing their perceived self-efficacy [31]. In addition to
conventional anti-arthritic treatments, rehabilitation interventions have shown the poten-
tial to restore functional independence to RA patients [32]. For example, hydrotherapy, a
water-based therapeutic regimen, has been shown to substantially reduce pain and improve
wrist range of motion (p < 0.01) [33]. Therefore, adding individually tailored rehabilitation
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regimens to routine care for RA patients should be considered, especially for those who
grapple with severe upper limb swelling.

In addition, we noted that symptoms of depression and fatigue also correlated with
lower ASES scores. This result appears to echo the concept of metacognitive therapy,
which addresses the emergence of interoceptive experience of dishomeostasis throughout
the body, also affecting brain functioning through immersion in distressing thoughts and
feelings, which consequently act to aggravate disorder-specific negative aspects [34,35],
thus abating self-efficacy motivation. Of particular importance is that these negative
psychological factors often co-occur with RA [20,36]. Notably, one former study further
indicated that depression may mediate the association of self-efficacy with the self-care
behaviors among diabetic patients [37]. Accordingly, prior to instituting interventions to
improve self-efficacy, it is recommended to have patients referred to the mental health
professional for screening of psychological difficulties, including symptoms of depression
and fatigue.

Findings from the present study also indicate that individuals who do not exercise
regularly may experience lower self-efficacy. A similar association between exercise and
self-efficacy level was reported in previous studies of people with and without associated
medical conditions [38,39]. We suggest several potential reasons why exercising regularly
could be associated with self-efficacy, as observed in our patient cohort. First, accumulating
research shows that exercise promotes the release of endorphins, neuropeptides that aid in
coping with psychological stress and cognitive function [40], which in turn enhance self-
efficacy to some extent. Second, participation in group exercise classes or active hobbies
with friends may provide subjects with additional benefits, such as allowing them to
socialize and share meaningful moments during the exercise period, thereby encouraging
them to seek out further activities that boost self-efficacy.

In our study cohort, we observed that the higher DAS28 scores markedly pertained
to the ASES score; this result is in agreement with previous research findings [41,42]. In
clinical practice, DAS28 is a widely adopted indicator for disease activity in RA groups,
where higher values are indicative of higher disease activity. In this scenario, RA persons
with higher DAS28 may experience increased peripheral joint involvement that could
hamper their daily activities and, therefore, heighten their doubts about self-capability.
Additionally, the duration of RA correlated positively with ASES scores. This finding
is consistent with that of a previous study of self-efficacy in patients with other chronic
diseases [43]. We infer that RA patients with longer disease duration have gradually
learned to accept the consequences and future implications of their disability, and this may
have led to higher self-efficacy. Notably, patients in our study whose RA duration was <3
years reported the lowest level of ASES. For this reason, healthcare providers should pay
attention to newly diagnosed RA patients through the establishment of a multidisciplinary
care program for evaluating patients” psychophysical status to facilitate early referral for
further therapeutic interventions.

While our study is the first to investigate self-efficacy among RA patients, the impli-
cations of the results must be considered in light of the following limitations: First, the
current analysis was based on a cohort of patients at a single hospital. Although it is not
unusual for study conclusions to be drawn from arbitrarily selected cohorts, a potential
non-representative cohort might have introduced bias that limits the generalizability of
findings to other populations and settings. Similar studies should be conducted with
diverse cohorts to determine whether our findings are replicated with different demo-
graphic and geographic groups of patients with rheumatologic disorders. Nevertheless, we
deliberately determined the appropriate sample size based on the research objectives, the
nature of the study, the statistical power required, and relevant factors considered. Second,
the cross-sectional nature of this trial might hamper further interpretation regarding the
causal directionality of the identified relationships. Third, other potential confounders
such as smoking habits, laboratory tests, pain level, personality characteristics and traits,
and family-related factors were not assessed and thus not controlled in this study. Further
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research confronting these issues is warranted. Fourth, the stability of ASES scores over
time could be another informative topic of study that was not investigated here.

5. Conclusions

Self-efficacy is an important contributor to the healthy lives of RA persons, which
may reinforce their motivation to engage in health promotion behaviors more frequently.
Herein, we found a trend toward lower ASES scores among RA patients with higher DAS28
and TDQ scores, fatigue, shorter disease duration, swollen upper limb joints, and a lack of
regular exercise regimen. As far as clinical practice is concerned, the healthcare providers
may utilize the present results to clarify the groups of patients who potentially report
low self-efficacy, especially among those with newly diagnosed RA for less than three
years. Not only that, but the healthcare providers would also consider these findings as a
reference for designing the program towards self-efficacy improvement for RA subjects.
Ensuring that holistic healthcare is available to RA patients may be a critical step to help
them better psychologically adapt to their disease and possibly as important as improving
the survival rate of patients with this chronic and life-threatening disease.
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Abstract: Overlap syndrome of systemic sclerosis and idiopathic inflammatory myopathies is an
increasingly frequent entity, but the association with immune-mediated necrotizing myositis has
rarely been described. While myositis or myopathy may be features of scleroderma, it is imperative
to correctly diagnose an overlap syndrome of these two, since it can be considered a different
entity with specific management and a worse prognosis. Anti-signal recognition particle (anti-SRP)
antibodies target the striated muscle fiber and inhibit myoblast regeneration, resulting in myofiber
atrophy and necrosis. Anti-SRP antibodies are specific in immune-mediated necrotizing myopathy
characterized by myonecrosis and minimal inflammatory reaction, with proximal muscle weakness
and typical extra-muscular manifestation. There are controversial data on the association of cardiac
manifestations and the presence of these antibodies, and recent studies cannot prove a significant
correlation between the two. Myocarditis is a complication with an unpredictable, potentially severe
outcome from heart failure and dilated cardiomyopathy to fatality. It can be difficult to diagnose, and
a myocardial biopsy can be problematic in daily practice; thus, most practitioners rely on cardiac
magnetic resonance with suggestive images for the correct diagnosis. This paper seeks to address the
challenges associated with the diagnosis and treatment of collagen diseases by evaluating the role of
anti-SRP antibodies in the pathogenesis of cardiac involvement.

Keywords: systemic sclerosis; myocarditis; anti-SRP antibodies; necrotizing myositis

1. Introduction

Systemic sclerosis or scleroderma (SSc) is a systemic autoimmune disease, character-
ized by excessive fibrosis of the skin and internal organs such as the lungs, heart, kidneys,
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and digestive tract [1]. Idiopathic inflammatory myopathies (IIMs) represent a hetero-
geneous group of connective tissue diseases characterized by muscular inflammation
and extra-muscular damage. The group comprises dermatomyositis, polymyositis, inclu-
sion body myositis, anti-synthetase syndrome, and immune-mediated necrotizing myositis
(IMNM) [2]. While myositis or myopathy may be features of scleroderma, it is imperative to
correctly diagnose an overlap syndrome of these two, since it can be considered a different
entity with specific management and a worse prognosis [3]. Overlap syndrome of sclero-
derma with idiopathic inflammatory myopathies such as polymyositis or dermatomyositis
is more frequent, and usually associated with positive anti-PM/Scl and anti-Ku antibod-
ies [4]. Patients with positive anti-PM/Scl antibodies are more likely to develop myositis,
pulmonary interstitial fibrosis, calcinosis, telangiectasia, and dermatomyositis-like skin
manifestations.

In contrast, esophageal involvement, pulmonary arterial hypertension, or cardiac
involvement are less frequent among these patients [5]. On the other hand, anti-Ku
antibodies have been linked to polymyositis—scleroderma overlap since 1981, with patients
presenting synovitis, joint contractures, and myositis symptoms but without vascular
damage [6]. Patients with SSc are at high risk of developing interstitial lung disease (ILD),
a severe complication with great mortality and morbidity; around 30% of cases lead to
respiratory failure in the first 5 years after diagnosis [1]. ILD in SSc patients accounts for
17% of SSc-related deaths, with non-specific interstitial pneumonia (NSIP) being the most
prevalent subtype on high-resolution computed tomography [HRCT] images [7]. Recent
findings have shown that anti-PM/Scl and anti-Ku antibodies are risk factors for severe
interstitial lung disease, but relatively modest vascular complications [5]. Another antibody
associated with connective tissue diseases is an anti-signal recognition particle (anti-SRP),
usually more frequently described in patients with IMNM. Still, these antibodies are also
described in several cases of systemic scleroderma or other subtypes of myositis. These
antibodies usually come with a specific clinical aspect predominantly proximal muscle
pain and dysphagia but chest pain, arthritis, arthralgia, Sicca syndrome, carpal tunnel
syndrome, ILD, and skin rash can be present [2,3].

2. Immune-Mediated Necrotizing Myositis (INMN)

INMN is a newly described subtype of idiopathic inflammatory myopathy, frequently
presenting with anti-signal recognition particle and anti-3-hydroxy-3-methylglutaryl-coa
reductase (anti-HMGCR) antibody positivity [8]. Patients with IMNM have proximal
muscle involvement, with a muscle biopsy showing myofiber necrosis with a paucity
of lymphocyte infiltrates [9]. Cases of scleroderma overlapping with myopathies with
muscle necrosis and damage of small vessels with a “pipe-stern” appearance, with positive
anti-SRP antibodies have been described less often [10]. Anti-SRP antibodies are more
frequently associated with pain in the proximal muscles and diffuse myonecrosis in the
striated muscles, leading to myalgia, dysphagia, and dyspnea with respiratory failure due
to fatigue of the respiratory muscles [11]. Recent data support a new theory suggesting
that the overlap between scleroderma and myositis represents a distinct disease known as
scleromyositis, characterized by specific clinical and immunological features. However,
despite a high frequency of IMNM characteristics at muscle biopsy in scleromyositis
patients, these patterns are shown to be associated with anti-Ku, anti-PM/SCL, and anti-
U1-RNP autoantibodies, rather than with anti-SRP or anti-HMGCR antibodies [12].

Cardiac manifestations in idiopathic inflammatory myopathies and SSc are frequent
and can range from subclinical myocardial damage, often identified at cardiac magnetic
resonance [CMR], to arrhythmia and heart failure [13]. The cardiac symptoms and their
progression are not well defined, and additional studies are needed to establish a specific
set of biomarkers in these patients and better characterize the subtypes with a worse out-
come. In small studies, anti-SRP antibodies are associated with more frequent myocardial
involvement; however, this association was not identified in large studies [14].
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3. Cardiac Involvement in Systemic Scleroderma

Cardiac complications in systemic scleroderma are prevalent and frequently under-
diagnosed. These complications may arise directly from scleroderma’s impact on the
myocardium or indirectly from associated conditions such as pulmonary arterial hyper-
tension, interstitial lung disease, or renal crisis. Fibrosis, inflammation, and vascular
alterations can affect all cardiac structures, occurring in approximately 80% of systemic
scleroderma patients, although they often present without any cardiac symptoms [15]. The
direct effects of the myocardium are represented by microvascular coronary artery disease,
cardiac fibrosis, myocarditis, systolic or diastolic dysfunctions of the right or left ventricle,
conduction, and rhythm anomalies, even with the involvement of the pericardium [16,17].
Cardiac complications, especially arrhythmias and congestive heart failure, represent the
second leading cause of death in patients with systemic scleroderma, while in patients
with IIM, cardiac complications are responsible for 5% of deaths [18,19]. Additionally,
muscle myopathy is associated with a heightened risk of cardiac complications and in-
creased mortality [12]. Microvascular damage and immune dysfunction are the primary
pathological mechanisms leading to the accumulation of collagen deposits, which can
result in hyperplasia of intramural arteries and intermittent ischemia. Necrotic areas that
develop within the myocardium are subsequently replaced by patchy myocardial fibrosis.
This fibrotic pattern, regarded as a hallmark of scleroderma of the myocardium, can affect
both ventricles and occurs independently of the coronary artery distribution [16]. Cardiac
magnetic resonance imaging is the most effective method for detecting cardiac involve-
ment in connective tissue diseases, revealing that heart involvement in patients with SSc
is more common than previously recognized [20]. Diastolic dysfunction appears to be
common in systemic scleroderma and may affect either ventricle. Impaired ventricular
filling is indicative of a fibrotic and rigid ventricle, which can lead to atrial dilatation [20].
Frequent cardiac manifestations are arrhythmias, congestive heart disease, pericarditis, and
myocarditis, but primary heart involvement is difficult to establish in patients with SSc [15].
Changes in rhythm, such as supraventricular or ventricular tachycardias can be responsible
for sudden death in some patients. Supraventricular arrhythmias are the most frequently
observed abnormalities during 24 h Holter monitoring, whereas ventricular arrhythmias,
although less common, may present as polymorphic, often characterized by premature
contractions [16].

Because of the similarities between the myocardium and skeletal muscles, the heart
can also be affected by myositis as part of the same inflammatory process [21]. Although
significant cardiac involvement is relatively uncommon, it remains a critical cause of death.
This is particularly important in subclinical cases, where proinflammatory cytokines along-
side traditional cardiovascular risk factors play a crucial role in diastolic dysfunction [22].
Diastolic dysfunction of the left ventricle is the most common type of cardiac damage in
myositis. However, case reports have also documented coronary damage, including angina
pectoris, and myocardial infarction [13]. In contrast, subclinical damage appears to be more
common. This includes changes such as supraventricular or ventricular arrhythmias, bun-
dle branch blocks, atrioventricular blocks, PR interval prolongations, ventricular premature
beats, and abnormal Q waves or ST-T changes, usually detected on the ECG of a patient
with myositis [23]. Regarding IIM, the pathogenesis of cardiac changes includes the inflam-
matory infiltration of the conduction system, with the replacement of cardiomyocytes from
it, with fibrosis, and vasculitis of the small vessels that irrigate the myocardium, along with
the infiltration of the myocardium itself [24].

The frequency of cardiac involvement in IIM can range from 9.3% to 61%, with
arrhythmia being the most common [19,25,26]. Diederichsen et al. showed that cardiac
manifestations are more common in newly diagnosed patients naive to treatment than in
controls, proving the negative effect of an inflammatory burden on cardiac function [27].

A recent review which included 29 studies showed the cardiac implications in IIM
patients, demonstrating that despite the heterogeneity of IIM, some cardiac patterns can be
defined [13]. On the other hand, cardiac changes in patients with myositis can be associated
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with corticosteroid therapy, making it extremely challenging to distinguish whether these
changes are due to the corticosteroids [CSs], or the disease itself. In IIM, corticosteroids
are still a reliable therapy in addition to immunosuppressives. CSs are well-known risk
factors for hypertension, and increased dosages for a prolonged time are associated with
heart failure and decreased ejection fraction [28].

Myocarditis can be difficult to diagnose, being defined as myocardial inflammation
on endomyocardial biopsy with specific characteristics [29]. Currently, a myocardial
biopsy is rare, and most practitioners rely on cardiac magnetic resonance [CMR] with
suggestive images for the correct diagnosis [30]. Myocardial alterations on CMR in I[IM
patients without any cardiac manifestation are frequent [31]. Myocarditis in IIM can
be the first presentation or developed during the follow-up; its prevalence is not well
studied, but it can vary around 2.6-3.4%, with a substantial increase at a histopathological
examination of 38% of cases [19,32]. The evolution can be severe, from fatality to heart
failure or dilated cardiomyopathy. In a study on anti-synthetase syndrome patients with
myocarditis, the authors showed a strong correlation between myositis activity and the
development of myocarditis, but there was no definition of negative prognostic factors for
these patients [32].

Heart involvement is more frequent in overlap syndrome of SSc and myositis [3]. A
recent case report by Garcia et al. presented an overlap syndrome of systemic sclerosis
and polymyositis with anti-SCL-70 and anti-PL/SCL-100 antibodies with lymphocytic
myocarditis responding to cyclophosphamide monthly pulses [33].

4. The Role of Anti-SRP Antibodies

Anti-SRP antibodies are antibodies specific to immune-mediated necrotizing my-
opathy characterized by myonecrosis and minimal inflammatory reaction. The actual
mechanism of anti-SRP pathogenesis has yet to be established. These antibodies target the
striated muscle fiber and inhibit myoblast regeneration, resulting in myofiber atrophy and
necrosis [8]. Furthermore, in vivo studies revealed that transferring anti-SRP antibodies
from patients to mice caused muscular deficit via a complement-related mechanism [34].
There is currently contradictory research about the associations between serum creatine
kinase (CK) and anti-SRP antibodies [35,36]. Reversely, antibody serum concentrations in
subtypes of IMNM with anti-HMGCR positivity are strongly correlated with CK levels
and high antibody titer, suggesting the severity of muscle involvement [37]. Another
distinguishing feature of anti-SRP positive is the duration of muscle involvement when
compared to other types of myositis. One study found a remission of just 25% after one
year and 50% at four years, albeit with a persistently elevated CK level [38].

Anti-SRP IMNM is characterized by proximal muscle weakness, which can be associ-
ated with dyspnea and dysphagia. Different studies have defined a distinct extra-muscular
phenotype in the presence of anti-SRP antibodies, including chest pain, arthritis, arthralgia,
Sicca syndrome, carpal tunnel syndrome, ILD, and skin rash (Figure 1) [11].

Cardiac involvement in the presence of these antibodies is described, with arrhythmias,
cardiomyopathy, and gradual evolution toward heart failure. However, data on cardiac
involvement come from small cohort studies, clinical cases, or studies conducted on
larger cohorts but with a different object, with cardiac involvement only appearing in
the description section. Thus, in this paper, we gather all studies on this subject, after a
literature search on two medical databases (PubMed/Medline and Google Scholar) using
the terms “anti-SRP”, “anti-signal recognition particle antibodies”, “IMNM”, “immune-
mediated necrotizing myositis” and “cardiac involvement”, “myocardial involvement”.
The results are structured in Table 1.

In a recent study, following thirty-nine patients with anti-SPR-IMNM, no cardiac
involvement was reported in the entire cohort, although the focus of the study was more
on muscle strength rather than extra-muscular manifestation [38]. However, a larger study
by Suzuki et al. following one hundred patients with anti-SRP IMNM showed that cardiac
muscle interest was a rare manifestation, with only two subjects describing it [35].
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Figure 1. Clinical manifestations associated with anti-signal recognition particle (anti-SRP) antibodies.

Kao et al. followed patients with anti-SRP antibodies and showed that among
790 SSc patients, only 2 had anti-SRP positivity and developed muscle symptoms af-
ter a median of 3.5 years. Moreover, among nineteen anti-SRP patients in the cohort
(diagnosed with polymyositis, SSc¢, and anti-synthetase syndrome) cardiac manifestations
occurred in 15.8% (three patients), while ILD in 31.57% (six patients) [39]. On the other
hand, Hengstman et al. analyzed a large cohort, identifying only five patients diagnosed
with polymyositis or dermatomyositis with anti-SRP positivity with severe myalgia and
arthritis and resistance to treatment, but none had cardiac manifestations [40]. Later on,
they compared a group of anti-SRP patients with polymyositis/dermatomyositis patients
with negative anti-SRP, and their results showed no differences in frequency in electro-
cardiogram abnormalities. Although they reported cardiac anomalies in more than half
of patients [clinical symptomatology and electrocardiogram alteration], their results were
influenced by cardiovascular factors and concomitant cardiac diseases or ILD [41]. Thus, a
well-designed study is needed to clarify the association between anti-SRP antibodies and
cardiac manifestations.

One recent study by Bandeira et al. analyzed the cardiac involvement in IIM patients.
The results showed that in comparison with patients without cardiac involvement, anti-SRP
antibodies are the most commonly identified antibodies (76.9% vs. 31.5%, p = 0.001). More-
over, in patients with cardiac manifestation, there was also more frequently reported lung
and esophageal involvement, suggesting that patients with systemic manifestations are also
more predisposed to cardiac symptomatology and a thorough evaluation is needed [42].

One case report presented severe cardiomyopathy in anti-SRP and anti-MDA-5 IMNM,
with progression after immunosuppressive therapy, despite improvement of the clinical
myopathy, which needed heart transplantation, supporting the data that this subset of
antibodies is a negative prognostic factor [43,44]. Several case reports and case series
present a severe course of disease in IMNM patients with anti-SRP positivity presenting
with cardiac complications [45-50].
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Table 1. Literature search on anti-SRP antibodies and cardiac involvement.

Study Year Cohort I Cardiac
nvolvement

Targoff et al. [49] 1990 12 anti-SRP PM /DM patients 4/12
Hengstman et al. [40] 2002 5 anti-SRP PM /DM patients 0
Miller et al. [50] 2002 7 anti-SRP patients 0

Kao et al. [39] 2004 2196?‘;2,%R§Sf,a;1§g;§ 3/19

Hengstman et al. [41] 2006 23 anti-SRP patients 6/23

Suzuki et al. [35] 2015 100 anti-SRP patients 2/100
Pinal-Fernandez et al. [38] 2017 37 anti-SRP patients 0

Bandeira et al. [42] 2023 12 anti-SRP patients 3/12

5. Clinical and Paraclinical Presentation

A 74-year-old female, with a history of type 2 diabetes mellitus and arterial hyperten-
sion, diagnosed with systemic scleroderma in May 2021, was referred to the rheumatology
department in September 2021 to establish the magnitude of organ involvement and to de-
cide the appropriate therapeutic approach. She described Raynaud’s phenomenon, arthritis,
and mild dyspnea. The physical examination revealed loss of wrinkling, telangiectasias,
microstomia, sclerodactyly with puffy fingers achieving a 6/51 Rodnan Score, and velcro
bibasilar crackles by lung auscultation (Figure 2).

Figure 2. Puffy fingers at the first presentation (September 2021).

Mild anemia (hemoglobin 10.9 g/dL; normal value 11.7-15 g/dL) and high positivity
for anti-topoisomerase I antibodies were shown by the blood test evaluation and a late
sclerodermic pattern was described at nail video-capillaroscopy. The pulmonary evaluation
included chest HRCT [bilateral ground-glass pulmonary infiltrates-NSIP—Figure 3] and
spirometry [lung volumes were normal with a slightly decreased DLco (68% of predicted
value)], while echocardiography found pulmonary hypertension [43 mmHg] with nor-
mal ejection fraction. Throughout the upper endoscopy examination, no indications of
esophageal involvement were observed.

Based on the ACR/EULAR criteria [16/28 points] [14], systemic sclerosis with cu-
taneous, pulmonary, and vascular involvement was diagnosed, and the patient started
immunosuppressive treatment. Initially, Mycophenolate mofetil (MMF) was started at
2 g daily, but the patient described intense nausea, abdominal pain and diarrhea. Hence,
due to the adverse events associated, MMF was tapered to 1 g daily, together with proton
pump inhibitors and calcium channel blockers (CCBs). We decided to switch to intra-
venous (iv) cyclophosphamide (800 mg monthly for six months) in May 2022 due to the
clinical progression (significant progression of the skin fibrosis with a Rodnan score of
14/51) and lung damage with a decrease in DLco (54% of predicted value) and progress of
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interstitial fibrosis at chest HRCT. It was suggested to start antifibrotic Nintedanib therapy;
nevertheless, she did not meet the initiation criteria of the national protocol. The results of
the lab tests showed a rising pattern in the levels of inflammatory syndrome (maximum
ESR =59 mm/h; CRP = 33 mg) and creatine kinase [two to three times higher than normal
values], and further lung function modification, as indicated by a 50% drop in DLco with
stable chest HRCT (Figure 4). A myositis-specific antibody profile was assessed in light
of a potential overlapping myositis, and the results indicated that anti-SRP antibodies

were present.

€9,

Figure 3. Chest CT September 2021. (A) Unsystematized bilateral ground-glass pulmonary infiltrates;

(B) bilateral basal ground-glass pulmonary infiltrates.

Figure 4. Chest CT September 2022. (A) NSIP-like appearance; (B) basal aspect of NSIP-like bilat-
eral infiltrates.

The patient experienced a sudden hypertensive spike in November 2022 during the
sixth and last cycle of cyclophosphamide. The patient also experienced dyspnea and
tachypnea, as well as an 80% desaturation under five liters of oxygen supplementation. The
ECG revealed sinus tachycardia and serum troponins were slightly elevated. Importantly,
NT-proBNP increased to 35,000 pg/mL. Due to a suspicion of a myocardial infarction
other than ST-segment elevation, the patient was referred to the cardiology department.
The right ventricle was slightly dilated up to the upper limit of normal values, with
normal longitudinal systolic function, mild biatrial dilatation, aortic sclerosis, and possible
pulmonary hypertension. Firstly, an echocardiography was performed and it showed a
non-dilated left ventricle with moderate global and segmental systolic dysfunction, and
hypokinesis of the circumferential apex, inferior wall, and interventricular septum, with
intramyocardial hyperechoic areas. Coronary angiography was advised following this
incident, but the patient refused. Cardiac magnetic resonance imaging was performed, and
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the results showed non-dilated ventricles with preserved global systolic function, segmental
kinetic disorders, hypokinesis of the left ventricle’s lateral wall, indexed myocardial mass
within normal limits, replacement myocardial fibrosis with myocarditis pattern, biatrial
dilatation, ascending aorta ectasia, and absence of pulmonary artery dilatation (Figure 5).

Figure 5. Cardiac MRI. (A) Aspect of chronic myocarditis; arrow—the lateral wall of the left ventricle
with hypokinesia; no edema; (B) LGE PSIR; arrow—Gadolinium accumulation area in the lateral wall
of the left ventricle.

No immunosuppressive treatment was administered until January 2023 (Figure 5).
A skin and muscle biopsy was performed, after a reasonable disclosure [51] in light of
the patient’s fatigue, the cardiac episode in November 2022, the elevated CK and CK-MB
values in recent months, positive anti-SRP antibodies, muscle atrophy, and the suspicion of
immune necrotizing myopathy overlapping systemic sclerosis or maybe a scleromyositis.
The histopathological examination indicated a non-specific myopathic appearance with
morphological elements consistent with a necrotizing myopathy in the defined clinical-
paraclinical context (positive anti-SRP antibodies). There was also a notable variation in
the shape of the muscle fibers, with atrophic fibers varying in length and polygonal form,
moderate adipose metaplasia, minimal interstitial fibrosis, and rare necrotic fibers. We
concluded that the overlapping hypothesis was the most likely to be accurate; therefore,
we started the immunosuppressive therapy with Azathioprine 100 mg daily and moderate
doses of Prednisone, tapering to a low level.

Although the patient’s condition was clinically stable in September 2023, on Azathio-
prine and 5 mg Prednisone, the DLco decreased by 40% of what was expected, the chest CT
scan revealed interstitial changes and slightly altered micronodulations from September
2022 (Figures 6 and 7), and the blood tests continued to reveal a slight anemia and low
inflammatory syndrome, so the patient received a single dose of Tocilizumab (400 mg iv
administration) with no possibilities to continuing to administrate the biological therapy.

The lung CT scan performed in February 2024 revealed a typical NSIP-like appearance
of fibrosis as well as functional deterioration with a DLco of 31% from the predicted one.
Thus, the pneumologist decided to start the antifibrotic medication-nintedanib 200 mg/day,
and the patient kept taking the specific cardiac drugs, with recurrent interdisciplinary
evaluation and favorable cardiac evolution.
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Figure 6. Clinical aspect of the patient in January 2023: (A) patient’s legs with no edema and
hair loss; (B) patient’s hands- sclerodactyly; (C) patient’s face showing microstomia; (D) patient’s
hand-telangiectasias.

Figure 7. Chest CT September 2023. Bilateral infiltrates slightly changed compared to September
2022; reconstruction in coronal plane.

6. Discussion

The anti-SRP antibodies are very uncommon among SSc patients, with a prevalence of
around 0.7%, and even lower in overlap syndrome [52]. IMNM is a less prevalent subtype
of IIM, accounting for 18-39% of cases, with an average age of onset of 40-50 years, contrary
to our case with an elderly disease onset [8].

There are several studies describing cardiac complications in SSc and IMNM, and
although in the past there was a strong correlation between anti-SRP antibodies and cardiac
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manifestations, our research has not proved this correlation (Table 1). This theory needs
to be validated in large, well-controlled studies, but a major concern still remains, and
supplementary cardiac investigations are recommended in these patients. Such cases are
difficult to diagnose and there is no general protocol on the management in these cases. In
Figure 8, we try to summarize the diagnosis and treatment steps.

Heart failure

/ T

Electrocardiogram

' Arrythmias
[

Troponins | and T (compared to

CK-MB) EchoFardiography
NT-proBNP Cardiac magnetic resonance
imaging

CARDIAC INVOLVEMENT
MYOCARDITIS, PERICARDITIS, DILATED
CARDIOMYOPATHY, CONDUCTION
ABNORMALITIES
|

Corticosteroid therapy Immunosuppressive therapy:
Supportive therapy Mycophenolate mofetil,
+ ! Limited in systemic sclerosis + Azathioprine
due to scleroderma renal Rituximab
crisis Tocilizumab

Figure 8. General management steps of cardiac involvement in anti-SRP patients.

Other antibodies that are more frequently associated with cardiac manifestation in
IIM patients are anti Jol anti bodies (33.3%) and anti SSA /SSB antibodies (33.3%), but heart
involvement in connective tissue diseases is still an undervalued field and in great need of
further studies [42].

The most frequent cardiac manifestation in SSc and in IIM are arrhythmias, and our
patients develop tachycardia as a symptom of the underlying myocarditis [15,26]. In
terms of age interfering with the disease characteristics, younger age is associated with
a more difficult-to-treat form of IMNM in anti-SRP-positive patients, in contrast with
other subtypes of IIM [35,38]. In our case, although the muscle injury was minor by the
literature, cardiac complications such as myocarditis provided diagnostic and therapeutic
challenges. A similar pattern was described by Ma et al., showing progressive cardiac
involvement, regardless of the good clinical response under immunotherapy [43]. The
early identification of cardiac involvement can be achieved by measuring troponins I
and T, which rapidly detect myocardial injury, especially troponin I in acute coronary
damage, with troponin T also influenced by skeletal muscle damage; both are more specific
compared to CK-MB measurement. Another relevant tool in the case of these individuals
is NTproBNP, which can identify hemodynamic and structural abnormalities in their
preclinical period [2]. Nailfold video-capillaroscopy is an essential diagnostic tool in SSc
patients with Raynaud’s phenomenon, with a specific pattern, and it can have a prognostic
factor too. In IIM, although alteration is identified, there is no specificity for myositis, nor
for other autoimmune diseases [53,54].

We experienced challenges in establishing our patient’s accurate diagnosis; although
initially SSc was a facile diagnosis, when the patient later developed muscle involvement,
asthenia, muscle atrophy, muscle cytolysis, and cardiac involvement equivalent to my-
ocarditis, with anti-SRP positivity, a series of theories appeared: to integrate cardiac and
muscle involvement in the context of SSc, to reconsider the diagnosis as scleromyositis (a
new diagnostic entity in rheumatology that is under-explored or neglected), or to conclude
that we were faced with an overlapping syndrome of SSc and IMNM. We could argue
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that the following subpoints support the confirmation of scleromyositis in our patient:
elevated muscle enzymes, more frequent cardiac involvement [myocarditis], muscular
manifestations, and rapid progression of pulmonary involvement. The classical hallmarks
of muscle biopsy, which include vasculopathy and fibrotic lesions without necrosis and
inflammation, and the absence of anti-Pm/Scl antibodies work against the diagnosis [12].
But we concluded that the overlapping syndrome of SS and IMNM is the appropriate diag-
nosis sustained by the muscular biopsy findings—a necrotizing myopathy in the context
of anti-SRP positivity and the severity of organ involvement, such as cardiac pulmonary
hypertension and myocarditis, ILD [55].

Regarding the acute onset of cardiac manifestation, we took into account the possi-
ble adverse effects of Cyclophosphamide (CYC), although Cyclophosphamide has been
for years the standard of treatment for systemic sclerosis, particularly in cases of heart
involvement [myocarditis] [56]. Administered intravenously or orally in SSc, CYC has
some potential risks including hemorrhagic cystitis, alopecia, vomiting, diarrhea, and skin
and bladder cancer, as well as possibly irreversible infertility; cardiac side effects are not as
prevalent [57,58]. CyC is a strong alkylating medication used in oncology. Many cardiac
adverse events associated with its metabolites have been reported in the literature. They
are divided into two categories: irreversible, which is heart failure caused by the death of
cardiomyocytes as a result of oxidative stress or the platelets’ reactivity-arachidonic path-
way, and reversible, which is cardiac remodeling due to the impairment of cardiomyocytes’
function as a result of proinflammatory cytokines [59]. Such side effects are not typically
reported in SSc, as a consequence of the lowest dosages used for ILD, but when autologous
stem cell transplantation (ASCT) was used more often for SS patients, the dosage of CYC
had to be increased, which resulted in the automatic onset of secondary cardiac dysfunction.
It is important to discuss the case of a patient with SSc with ILD who had no prior cardiac
involvement and no cardiac risk, and was treated with CYC 12g IV over four days for ASCT.
At twelve hours after ASCT, the patient developed acute heart failure (BNP of 7136 ng/L
and widespread hypokinesia with an LVEF010%). The patient passed away on day nine
following ASCT despite receiving intense supportive care. A necropsy revealed significant
pericarditis, intracavitary thrombus, and myonecrosis without any signs of inflammation,
fibrosis, or hypertrophy, leading the examiners to conclude that the cause of death was
acute cardiotoxicity caused by CYC [60]. Although acute CYC cardiotoxicity is potentially
lethal, it currently appears to be quite rare, mostly due to pre-existing cardiovascular
involvement not being given proper consideration. Consequently, extensive pre-transplant
disease-specific screening is essential to prevent underlying undiagnosed SSc-related car-
diopathy because this kind of therapeutic approach will be the future medicine for our SSc
patients with severe organ involvement [61].

Considering our patient’s pre-existing cardiovascular risk factors and cardiac damage
in the context of scleroderma, the concept of cumulative cardiac toxicity of CYC could
be brought into consideration (possible pulmonary hypertension). Evaluation using a
CMR of the acute event revealed alterations suggesting myocarditis that are more likely
due to collagen disease but could also be induced by CYC [4.5 g cumulative dosage over
6 months].

There is no formal recommendation for the treatment of cardiac involvement either in
scleroderma or in myositis. Usually, the treatment is supportive, depending on the type
of cardiac damage. In some studies, a slight amelioration of cardiac output was observed
during immunosuppressive treatment, especially in combination with corticosteroids,
but with high precaution due to the high risk of scleroderma renal crisis [62]. There
have been cases of patients with dermatomyositis and Raynaud’s with ECG changes
such as multifocal atrial tachycardia, ventricular premature beats, or blocks, changes that
resolved after treatment with Rituximab and corticosteroids [63]. Other patients with
myocardial hypokinesia showed normalization in 6 months after treatment with CS and
immunosuppressants [64]. Some patients with myositis may present Prinzmetal vasospastic
angina, especially in those with Raynaud’s syndrome, which has been successfully treated
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with high-dose BCC [65]. Due to a lack of cases, treatment in anti-SRP IMNM is not
systematically studied, and the efficacity of immunosuppressive treatment is coming from
case reports and small cohort studies. A small study showed a favorable response to
Rituximab in 76% of cases (13/17), but the duration of the good response is yet to be
established [38]. Rituximab has shown promise in the treatment of cardiac and pulmonary
complications associated with collagen diseases; nevertheless, there is also evidence of
the involvement of tocilizumab [TCZ] in these manifestations. Several Asian studies
describe the beneficial effects of TCZ in managing cardiac involvement among patients
with SS who have previously received other immunosuppressive treatments, including
Rituximab. Following TCZ treatment, the patients” MRI and ECG showed improvement,
probably as a result of IL6 inhibition blocking the inflammatory and fibrotic process, which
involves myocardial remodeling [66,67]. Starting from the data indicating the use of TCZ
in COVID-19 myocardial disease, we also considered that, in the instance of our patient, a
single intravenous dosage of 8 mg/kg may have additional benefits for long-term cardiac
outcomes [68].

ILD is a common manifestation in SSc, especially in cases with diffuse fibrosis and anti-
Scl 70 antibodies. On the other hand, ILD is associated with anti-SRP IMNM in about 20%
of cases [11]. Despite treatment with cyclophosphamide 6 pulses, followed by maintenance
therapy with azathioprine, pulmonary fibrosis progressed and nintedanib was initiated.

This paper has several limitations. Firstly, this analysis is based on a single clinical
case, and conducting studies on larger cohorts would be advantageous for deriving more
definitive conclusions regarding cardiac involvement and the presence of anti-SRP antibod-
ies. Another limitation is the scarcity of data available in the literature, as most insights
are derived from case reports and small case series. Additionally, studies involving larger
patient populations do not primarily focus on evaluating cardiac manifestations in these
patients, which introduces a potential bias due to the study design.

7. Conclusions

In conclusion, this is a case that brings several challenges for both diagnosis and treat-
ment, which could be used as a guide for possible warning outcomes related to antibody
seropositivity. Cardiac involvement in connective tissue diseases presents a significant
diagnostic challenge, particularly in cases of acute heart failure, which necessitates rapid
diagnosis and prompt therapeutic intervention due to its association with high mortality
rates in these patients. The current literature lacks sufficient evidence to definitively estab-
lish the relationship between anti-SRP antibodies and cardiac dysfunction, highlighting the
need for large-scale, rigorously designed studies. While the use of immunosuppressive
therapies has shown increasing efficacy in managing pulmonary complications in systemic
sclerosis and idiopathic inflammatory myopathies (IIMs), treatment strategies for cardiac
involvement remain underdeveloped. This area is complicated by the need to account for
both traditional cardiovascular risk factors, which may limit immunosuppressant options,
and the potential adverse effects of these therapies [5,35].
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Abstract: Fibroblast-like synoviocytes (FLSs) are among the main disease-driving players in most
cases of monoarthritis (MonoA), oligoarthritis, and polyarthritis. In this review, we look at the
characteristics and therapeutic challenges at the onset of arthritis and during follow-up management.
In some cases, these forms of arthritis develop into autoimmune polyarthritis, such as rheumatoid
arthritis (RA), whereas local eradication of the RA synovium could still be combined with systemic
treatment using immunosuppressive agents. Currently, the outcomes of local synovectomies are
well studied; however, there is still a lack of a comprehensive analysis of current local intra-articular
treatments highlighting their advantages and disadvantages. Therefore, the aim of this study is to
review local intra-articular therapy strategies. According to publications from the last decade on
clinical studies focused on intra-articular treatment with anti-inflammatory molecules, a range of
novel slow-acting forms of steroidal drugs for the local treatment of synovitis have been investigated.
As pain is an essential symptom, caused by both inflammation and cartilage damage, various
molecules acting on pain receptors are being investigated in clinical trials as potential targets for local
intra-articular treatment. We also overview the new targets for local treatment, including surface
markers and intracellular proteins, non-coding ribonucleic acids (RNAs), etc.

Keywords: monoarthritis; inflammation; synovectomy; local treatment; fibroblast like synoviocytes;
non-coding ribonucleic acids (RNAs)

1. Introduction

The European League Against Rheumatism (EULAR) has launched a Europe-wide
campaign, “Don’t delay, connect today”, to raise awareness of the major public health
concerns of rheumatic and musculoskeletal diseases (RMDs). Guidelines from the Os-
teoarthritis Research Society International (OARSI) and the Food and Drug Administration
(FDA), as well as recommendations from the EULAR, emphasize the importance of early
anti-inflammatory therapy (EIT) and the treat-to-target strategy (T2T) [1-3]. According
to EULAR recommendations, a rheumatologist should see the patient within 6 weeks of
the onset of arthritis and decide on a treatment strategy. The “window of opportunity” is
usually up to three months, which is a crucial timeframe to choose an effective treatment
strategy to stop the progression of the disease in its early stages [4,5].

Therefore, the management of inflammatory arthritis, especially monoarthritis (MonoA),
before it develops into oligoarthritis and polyarthritis remains a challenge. The duration of
acute MonoA is two to four weeks. Making an accurate diagnosis in such a short period
is only sometimes possible. In most cases, acute MonoA is caused by a variety of causes
ranging from benign to life-threatening. Thus, the onset of inflammatory arthritis (IA)
may be MonoA, which needs to be carefully differentiated from diseases with different
pathogenesis, such as gout (urine-type crystals), traumatic arthritis (trauma), infectious
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arthritis (virus or bacteria), paraneoplastic arthritis (cancer), and others [6-8]. It should be
noted that several cases of MonoA have also been described since the beginning of 2021
after COVID-19 [9].

The PubMed scientific literature data on this topic could be more coherent, so we de-
cided to review these issues. Thus, it remains to resolve and understand the main problem
of MonoA as a choice of intervention strategy for synovial local inflammation. According to
the literature, about 50% of MonoA cases resolve spontaneously; the rest develop into oligo-
or polyarticular disease, but a significant proportion remains as persistent inflammatory
MonoA. We attempt to analyze the data based on a basic pathogenetic message that FLSs
are the key players in the majority of MonoA cases. As FLSs are key targets for local therapy,
we focused on new targets related to surface markers and intracellular proteins, non-coding
ribonucleic acids (RNAs), signaling, etc. Therefore, there is an urgent need to suppress or
eradicate local inflammation, from which aggressive fibroblast-like synoviocytes (FLSs)
are activated to induce cartilage degradation and may trigger a systemic autoimmune
response [10,11], including rheumatoid arthritis (RA). Synovial inflammation has recently
been suggested as a target for the treatment of osteoarthritis (OA) as well [12,13]. Thus, the
synovitis-related phenotype or endotype of OA is an important factor in designing more
effective disease-modifying interventions in these cases [14]. There is very little knowledge
on the incidence and prevalence of early IA in primary care settings. Therefore, in most
studies, the prevalence of early undifferentiated arthritis is around 30% [15-17].

Today, the scientific data on local synovectomy are well studied, one by one, but
it is necessary to summarize the comparative data on this treatment modality. These
challenges concern the scientific, medical, and pharmaceutical communities as they seek
to establish a strong link between new intra-articular (i.a.) treatments. Thus, we analyzed
local treatments from the US National Library of Medicine (clinicaltrials.gov, accessed on
1 January 2023) database with the following criteria: 2013-2023 years completed trials with
results publications, adult population, and intra-articular arthritis treatment (in particular
anti-inflammatory effects on synovium).

Therefore, in this paper, we will analyze the long-term monitoring results of MonoA
and explore the local treatment strategies available today:.

2. Materials and Methods

We tried to analyze the data based on the pathogenesis basic knowledge that FLSs are
key players in most cases of arthritis (see graphical abstract). In the 1st step, the PubMed
database was searched for the keyword ‘monoarthritis” only. Monoarthritis was represented
by 353 case reports, but these cases were not included in the pooled data.

Therefore, in the 2nd step, we had to solve and understand the main problem of the
choice of the intervention strategy for local inflammation of the synovium, so we used dif-
ferent combinations of terms for local treatment approaches in the PubMed database search:
‘monoarthritis’, ‘local treatment’, ‘intra-articular treatment’, ‘synovectomy’, and ‘synovitis
treatment’. On the basis of our analysis of these clinically evaluated synovectomies, we
concluded that there is still a lack of data on selective local treatment.

In the 3rd step, we analyzed 53 contemporary local treatments from the US National
Library of Medicine (clinicaltrials.gov) database according to the following criteria: com-
pleted trials with results, 10-year follow-up period, adult population, and intra-articular
arthritis treatment. In the clinical studies, we searched for new intra-articular approaches,
especially for OA patients with inflammatory phenotype where FLSs are less aggressive.

In the 4th step, we asked about new advances in the inhibition of aggressive FLS
suppression, using an RA example. As FLSs are key targets for local therapy, we focused on
new targets related to surface markers and intracellular proteins, non-coding ribonucleic
acids (RNAs), signaling, etc.
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3. Local Treatment of Arthritis
3.1. Monoarthritis: Treatment Challenges

The experience with MonoA shows that local treatment of joint synovitis is feasible,
especially when large joints are affected (Figure 1).

Comparison of local
monoarthritis treatments methods
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Figure 1. Advantages and disadvantages of local monoarthritis treatments. Created with BioRender.
com (accessed on 4 July 2024).

In general, each of the local procedures used in clinical practice has its own advantages
and disadvantages, and open and arthroscopic surgical interventions remove inflamed
tissue while providing the opportunity to study biomarkers [18-20]. Currently, needle
ultrasound and arthroscopy biopsy are used to assess synovitis [21,22], but new contrast-
enhanced magnetic resonance imaging (MRI) techniques are better able as a reference
method to characterize the synovium and cartilage [23]. A decrease in orthopedic joints
is linked to the development of more conventional new systemic biologics, medications,
etc. [24,25].

The EULAR recommendations on intra-articular therapy for different inflammatory
arthritis should be considered [26]. The effect of corticosteroids on articular cartilage is
time- and dose-dependent: a low dose has a beneficial effect, whereas a high dose has
a detrimental effect on cartilage degradation [27]. There is a diverse scientific debate on
the predictive factors of response to intra-articular steroid injections in knee osteoarthritis:
degree of synovitis, site of discharge, and cartilage protection [28]. Intra-articular injections
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of glucocorticoids are probably the most common and widely used for local inhibition
of synovial inflammation. This EULAR Guideline describes the basic principles for the
use of i.a. steroid injections for knee pain relief in combination with release or for RA in
cases where there is a need to adjust the disease-modifying antirheumatic drugs DMARDs
therapy in one or more remaining active joints [26]. As previously described, in the
MonoA, steroid therapy is the first choice for suppressing local inflammation; this treatment
modality is good at suppressing synovitis and symptoms. In cases where steroids are
injected close to the synovium (e.g., into the fat pad of the knee joint), the anti-inflammatory
efficacy may be very similar to the same precise needle placement into the synovial cavity
due to the distribution of the steroid through the tissues surrounding the joint [29]. Synovial
inflammation has recently been proposed as an essential target for the treatment of OA [12].
Today, the FDA has approved low-dose, slow-release drugs for the treatment of OA local
synovitis [30].

3.2. Recent Developments of Intra-Articular Medication

We analyzed and summarized 10 years of clinical studies in Table 1. Thus, novel
molecules have been described as clinically validated i.a. therapies for synovitis treatment
strategies. Joint damage due to synovial inflammation and cartilage breakdown are two of
the factors that cause pain. Therefore, analgetic treatment is also very essential for local

treatment. Brief comments on the solutions to these problems are given below.

Table 1. New clinically tested treatment options for local synovial inflammation.

Clinical Studies Showing Positive Local Intra-Articular Anti-Inflammatory and Analgesic Effects

STEROIDS

1. Triamcinolone acetonide extended-release.
Product name and description: FX006 (Zilreta), a microsphere-based extended-release triamcinolone acetonide.

Design (n = patients), tested medication doses,

Phase follow-up duration. Outcomes
Double-blind, multicenter study (228 patients); FX006 40 mg dose provided pain relief from 2 to
Phase 2 Dose FX006 (containing 10, 40, or 60 mg of triamcinolone acetonide) 12 weeks. This medication was significantly superior to
or 40 mg of immediate-release triamcinolone acetonide (TA). TA at five to ten weeks. Adverse events were mild and
Follow-up 12 weeks. similar in the treatment groups [31].
306 participants were randomized (1:1:1) to receive single i.a.
injections of FX006 32 mg (1 = 104) or 16 mg (n = 102) or saline FX006 32 mg versus 16 mg produced a dose-dependent
Phase 2b placebo (1 = 100). analgesic response, the treatment was well tolerated, and
Follow-up 12 weeks. the safety profile was similar to that of saline placebo [32].
Single-arm, open-label study, participants (1 = 208).
All patients received the first (day 1) intra-articular triamcinolone TA-ER administration with a flexible dosing schedule
Phase 3b acetonide extended-release (TA-ER) injection. The second-injection repeated twice according to patient response was well
patients received a flexible (at either week 12, 16, 20, or 24) schedule, tolerated, with no radiographic evidence of knee joint
which depends on the first-injection response duration. cartilage effects [33].
Patients who received two injections were evaluated for 52 weeks.
Randomized, multicenter, open-label, single-dose study, 30 patients Th . .
. . . . . . . e systemic plasma concentration exposure was
with hip OA were randomly assigned 1:1 to receive single i.a. bstantially 1 for TA-ER TAcs duri
Phase 2 injections in the hip joint of TA-ER 32 mg or triamcinolone acetonide P substantiay ‘ower “or VEIsus JAS CUING
. - L ollow-up. Thus, TA-ER was generally well tolerated,
TA crystalline suspension (TAcs) 40 mg. Pharmacokinetic (PK) with a safety profile comparable to that of Tacs [34]
analysis of this medication concentration was performed up to day 85. yp P '
Randomized, open-label, single-dose study 25 patients randomly
received a single ultrasound-guided i.a. injection in the shoulder joint The pharmacokinetic results showed that TA-ER was
Phase 2 of TA-ER 32 mg or TAcs 40 mg. well tolerated with the systemic safe profile compared to
PK analysis of these medication concentration was performed up to TAcs crystalline suspension [35].
day 85.
Open-label study sequentially enrolled 81 patients. After SF APfItf r Injection of FX006 ml.crosphe'r es, the SF and plasma
iration, the i.a. injection of 32 mg FX006 or 40 mg TAcs was given 0b§ervatlons are cor}s1stent .Wlth slow release of TA
Phase 2 asp . ) 5 5 8 relative to TAcs in patients with knee OA. The slow

to each patient at baseline and during follow-up visits (FX006: weeks
1-6-12-16-20; TAcs: week 6).

release of FX006 microspheres reduced systemic TA
exposure relative to TAcs [36].
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Table 1. Cont.

Clinical Studies Showing Positive Local Intra-Articular Anti-Inflammatory and Analgesic Effects

2. Liposome formulation of dexamethasone sodium phosphate.
Product name and description: TLC599 is a water-soluble corticosteroid, dexamethasone sodium phosphate (DSP), produced using new BioSeizer®
technology, which encapsulates therapeutically active molecules in multilayer lipid membranes to ensure an extremely long drug release time.

Randomized, placebo-controlled, dose-finding study, n = 75 patients.
Two single injections of TLC599 (12 mg and 18 mg DSP) and placebo
(normal saline) were given, and pain relief was observed in clinical
data up to week 24.

The 12 mg dose level of TLC599 showed effective pain
relief and improvement in physical function. Treatment
was safe and without side effects [37].

Phase 2a

3. Combination steroid medicine with hyaluronic acid (HA).
Product name and description: Triamcinolone hexacetonide with a commercial cross-linked HA viscosupplement (Cingal).

Multicenter, double-blind, saline-controlled clinical trial randomized
368 subjects. A single injection of Cingal (4 mL, 88 mg HA plus 18 mg
triamcinolone hexacetonide (TH)), Monovisc (4 mL, 88 mg HA), or
saline solution (4 mL, 0.9%). The pain score monitoring was assessed
at 12 weeks and 26 weeks.

The pain and function were significantly better in Cingal
group compared to saline groups. Cingal had a better
effect in the early period, but after 6 weeks and beyond,
the effect was similar compared to Monovisc alone [38].

WNT INHIBITORS

4. Target Wnt/FrZ signal pathway.
Product name and description: SM04690 (Lorecivivint (LOR)), which acts as an inhibitor of the Wnt signaling pathway, is thought to play an
important role in cartilage degeneration by affecting the differentiation of chondrocytes, osteoblasts, and synovial cells.

Multicenter, randomized, double-blind, placebo-controlled trial,
n = 695 patients.
Phase 2b This study’s objective was to identify effective LOR doses: 0.03, 0.07, The optimal dose was identified as 0.07 mg LOR [39].
0.15, or 0.23 mg.
Follow-up 24 weeks.

Patient-reported outcomes (PROs) provide clinically

Post hoc analysis of this clinical trial identified the proportions of relevant positive response data on measures of pain,
LOR responders. function, and patient global assessment compared with

placebo, with benefits that persisted at 24 weeks [40].

The PRO comparison of control groups, dry needle sham,
and saline-based placebo injections for the treatment of
knee OA showed equivalent patient-reported outcomes
at all time points up to week 24, with no physiological
impact [41].

Post hoc analysis of this clinical trial identified the proportions of
LOR responders.

Summary: The results of the clinical study suggested that the optimal dose for future studies was 0.07 mg LOR [39]. A post hoc analysis yielded
clinically relevant positive response data at 12 and 24 weeks in participants with moderate and severe knee OA [40,41].

PAIN MANAGEMENT

5. Molecule induces desensitization of nociceptors.
Product name and description: The Capsaicin (CNTX-4975) molecule is involved in the long-term desensitization of nociceptors associated with
calcium influx into nociceptive nerve endings.

CNTX-4975 1.0 mg at 24 weeks significantly reduced OA
Multicenter double-blind study, n = 172 patients. Randomization: knee pain; CNTX-4975 0.5 mg significantly reduced pain
Phase 2 placebo group, CNTX-4975 0.5 mg and 1.0 mg groups. at 12 weeks, but no effect on pain effect was evident at
Follow-up 24 weeks. 24 weeks. Adverse events were mild and similar in the
treatment groups [42].

6. Multicomponent homeopathic medicines.
Product name and description: Traumel/14 and Zeel /14-28 ingredients are of vegetable, mineral, and other organic origin, diluted to so-called “low
strength” because they contain measurable molecular concentrations of potential active substances with anti-inflammatory, antioxidant, and
chondroprotective properties.

The double-blind, multicenter, randomized, saline-controlled trial,
n = 232 patients.
The investigational medicinal product is 4.2 mL (2.0 mL for Zeel /14
and 2.2 mL for Traumel/14 on days 1, 8, and 15 of treatment).
Follow-up 29, 71, 85 days.

In this study, intra-articular Traumel14/Zeel14 provided
safe and significant pain relief [43].
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Table 1. Cont.

Clinical Studies Showing Positive Local Intra-Articular Anti-Inflammatory and Analgesic Effects

7. Combination of steroid medicine with anesthetic.
Product name and description: Ropivacaine and methylprednisolone were infiltrated with the periarticular infiltration of this cocktail for the
reduction in pain.

The prospective non-randomized pilot 9-month period study,
n =50 patients.

After total knee arthroplasty (TKA), the solution contained a cocktail
of ropivacaine, clonidine, epinephrine, and ketorolac with 1 mL of
methylprednisolone (40 mg), which was infiltrated in the periarticular
tissues, control group was second knee with the infiltration the same
solutions mixture except for methylprednisolone. Patients’
follow-ups for pain evaluation were the first three days after surgery.

The reduction in pain with the periarticular infiltration
ropivacaine and methylprednisolone cocktail was
significant [44].

8. Botulinum toxin products.
Product name and description: OnabotulinumtoxinA—the regulation of response to nociception in various diseases.

The multicenter, double-blind, randomized, placebo-controlled study Follow-up data revealed no significant differences
enrolled 176 patients, and 158 completed the study. Randomization: between the treatment and placebo groups in the
i.a. onabotulinumtoxinA 400 U or 200 U and placebo (saline), reduction in WOMAC mean pain score. Treatment was
followed up for 24 weeks. safe and without serious effects [45].

9. Combination nonsteroidal anti-inflammatory drug with HA.
Product name and description: Diclofenac etalhyaluronate (DF) molecule covalently bonded to HA has a long-lasting anti-inflammatory effect.

The multicenter, open-label, noncomparative study, n = 166 patients. ~ The results showed that DF-HA was well tolerated and
Phase 3 Treatment regimen was i.a. 30 mg DF-HA every 4 weeks for 1 year the data suggest a sustained improvement in the
(13 times in total). Follow-up 52 weeks. symptoms of OA [46].

The significant improvement in the WOMAC pain
subscale score compared to placebo was over 12 weeks.
The observed anaphylactic reactions will clarify the need
for the safety of this drug [47].

Multicenter, randomized, double-blind, placebo-controlled trial,
Phase 3 n = 440 patients. DF-HA 30 mg or placebo once every 4 weeks for
20 weeks (a total of 6 injections). Follow-up for 24 weeks.

Summary: Thus, today, new steroid formats are approved for the local treatment of
OA knees, hips, and shoulder joints with a slow-acting drug that has no detrimental effect
on the cartilage or other aspects of the joint structure; the pain relief is dose-dependent.
The 3b clinical study with a flexible dosing schedule repeated twice according to patient
response was well tolerated and effective until 52 weeks [33]. Other studies in which
steroids were administered slowly showed encouraging results in terms of pain relief and
improvement in physical function at around 24 weeks [30-32,34-37]. Another important
aspect is the combination of steroids with HA, which has been evaluated and found to
have a beneficial anti-inflammatory effect in combination with viscosupplementation [38];
this combination is effective against pain in the early phase of the disease for up to 6 weeks.
WNT inhibitors are being investigated and this drug has a positive effect on cartilage
degeneration by affecting chondrocyte differentiation and inhibition of osteoblasts and
synovial cells [39,40]. Meanwhile, molecules, involved in the long-term desensitization of
nociceptors associated with calcium influx into nociceptive nerve endings show a beneficial
pain inhibitory effect [42]. The regulation of the nociceptive response with botulinum
toxin has not shown a beneficial effect on synovium pain [45]. Various combinations
(steroids with anesthetics or NSAIDs with HA) are currently being clinically validated,
and these agents have shown pain suppression [44,46,47]. Attention must be paid to
nonsteroidal anti-inflammatory drugs in combination with HA regarding anaphylactic
reactions [47]. Consequently, multicomponent homeopathic medicines are also used in the
clinical practice for pain relief [43]. The effects of all of these drugs are dose-dependent,
with duration ranging from 12 weeks to 52 weeks. The summarized data are represented
in Figure S1. Local treatment of early synovitis with targeted intra-articular suppression is
essential, but at the same time, the per os treatment must be chosen to select an effective
treatment strategy and to halt disease progression in the early stages [4,5]. MonoA data
for local treatment, especially intra-articular treatment, have revealed that key target
molecules are involved in OA. In the clinical studies described above, we analyzed novel
molecules approved for intra-articular therapy, particularly targeting OA patients with
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an inflammatory phenotype where FLSs are less aggressive. Another approach is the
investigation of new targets in inflammatory tissues after synovectomy in pre-clinical
studies. As fibroblast-like synoviocytes are one of the targets of local treatment, we focused
on these synovitis-promoting players. The behavior of FLS in RA is an excellent example
for exploring new targets related to surface markers and intracellular proteins of these cells,
non-coding RNAs, signal transduction, etc.

3.3. Fibroblast-like Synoviocytes as Potential Targets for Early Local Therapy

In RA, fibroblast-like synoviocytes have intrinsic pathogenic properties and actively
contribute to the disease process. They proliferate and promote joint destruction by stim-
ulating inflammation. However, the reasons why they turn from beneficial to harmful
in RA remain to be fully understood. Studies have shown that persistent inflammation
can induce molecular changes in FLSs that transform them from passive responders to
inflammation to active aggressors [48,49]. RA FLSs have specific characteristics that dis-
tinguish them from healthy FLSs. These characteristics remain unchanged even when RA
FLSs are isolated from an environment rich in inflammatory cytokines [11,49]. Potential
therapeutic strategies could target FLS surfaces and intracellular proteins, FLS metabolism,
and signaling pathways that increase FLS invasive and migratory potential, non-coding
ribonucleic acid, oxidative stress molecules, etc. Current therapeutic approaches focus on
modifying the immune response, specifically by targeting pro-inflammatory cytokines, B
cells, or T cells [50]. Some of these drugs may also influence the invasive behavior of FLSs,
especially those that inhibit cytokines or signal transduction pathways [51,52]. Although these
drugs can reduce the level of FLS activity in RA, they may not always be effective, which is
why patients still suffer from this disease. In such cases, the use of a combination of alterna-
tive or complementary therapies may be useful to manage the disease effectively. Potential
therapeutic targets related to FLS are described in Figure 2 and the following sections.
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Figure 2. Potential therapeutic targets related to FLSs. Created with BioRender.com.
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3.3.1. Cell Surface Targets

The discovery of different FLS phenotypes that contribute to synovitis leads to the
possibility of targeting cells based on their surface phenotype. This implies the identification
of pathogenic cell-specific surface proteins and the development of innovative treatment
strategies targeting specific RA FLS phenotypes. RA FLSs lineages are characterized
by the expression of specific markers such as CD10, CD34, CD55, CD90, CD248, and
podoplanin (PDPN) [53-56]. These surface markers characterize RA FLS subgroups with
significant functional differences. For example, previous studies have shown that cadherin
11 (CDH11) significantly contributes to homotypic FLS aggregation in in vitro and in vivo
models [57,58]. CDH11 has attracted considerable attention as a potential marker of RA and
has been widely regarded as a promising target. Nevertheless, a clinical trial investigating
the efficacy of a monoclonal antibody directed against CDH11 in a phase II study was
discontinued due to low efficacy.

Other potential markers and targets of RA include Toll-like receptors (TLRs) and
inflammasomes. Pattern recognition receptors (PRRs) such as TLRs recognize pathogen-
associated molecular patterns (PAMPs) or damage-associated molecular patterns (DAMPs).
If regulatory mechanisms fail, TLR activation can trigger local inflammation and contribute
to inflammatory or autoimmune diseases. Necrotic cells in inflamed joints may be a source
of endogenous ligands for these receptors. Heat shock proteins and low molecular weight
hyaluronan were originally thought to activate TLR2/TLR4 heterodimers directly, but
pure ligands do not effectively activate these receptors [59]. However, citrullination of
endogenous ligands such as fibrinogen and histones can stimulate the TLR4-mediated
pathway [60,61]. The involvement of the TLR4-mediated pathway in the development
of RA is suggested by the significant inhibition of monocyte activation observed in these
patients with ACPA when treated with anti-TLR4 antibodies [62]. TLR4 can increase the
production of pro-inflammatory cytokines and chemokines, such as IL-6 and IL-17, by
binding to exogenous ligands, such as peptidoglycan, in the FLS of RA patients and in
peripheral blood mononuclear cells (PBMCs), leading to inflammation and degeneration of
cartilage [63]. In addition to the up-regulation of TLR2 and TLR4, an increased expression of
TLR3, TLR5, and TLR7 has been observed in FLSs from RA patients compared to individuals
with OA or without inflammatory diseases [64—67]. Activation of these receptors leads to
enhanced local inflammatory responses, including the formation of nucleotide-binding
oligomerization domain (NOD)-like receptor family pyrin domain-rich receptor 1 (NLRP1)
and NLRP3 inflammasomes [68].

Inflammasomes are multicellular protein complexes that activate the release of pro-
inflammatory cytokines such as interleukin-1f (IL-1p) in response to cellular stress or
infection. Activation of the NLRP3 inflammasome contributes to the development of
autoimmune diseases such as ankylosing spondylitis, systemic sclerosis, systemic lupus
erythematosus, and RA [69,70]. Two signals are required to activate the NLRP3 inflamma-
some. The first signal is transduced via membrane receptors such as TLRs. Meanwhile, the
second signal is linked to stimuli such as changes in ATP, K* and Ca?* levels, lysosomal
destabilization, mitochondrial dysfunction, reactive oxygen species, and uric acid crys-
tals [71-73]. Targeting TLRs and inflammasomes is promising for modulating the immune
response and possibly treating inflammatory disorders. However, it is still unclear whether
the activation of these inflammasomes can serve as diagnostic markers to differentiate
undifferentiated early inflammatory arthritis into specific diseases such as RA.

The question is whether these different populations are definitive subsets with a consis-
tent phenotype or whether the FLS phenotype is flexible and microenvironment-dependent,
leading to differences in the relative prevalence of the various putative phenotypes.

3.3.2. Intracellular Signaling Molecules

Various cell signaling molecules have been investigated as potential biomarkers of RA,
which can help diagnose, monitor, and predict the disease’s progression.
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There are several strategies to combat FLSs, including inhibition of components of the
mitogen-activated protein kinase (MAPK) cascade, inhibition of kinases that activate c-Jun
N-terminal kinase (JNK), and blocking the nuclear factor-«xB (NFkB) pathway [74].

MAPK regulates the production of pro-inflammatory cytokines and plays an important
role in the signaling cascade downstream of interleukin (IL)-1, IL-17, and tumor necrosis
factor (TNF)-« receptors [75,76]. Activation of MAPK family members occurs primarily
in synovial tissues. Their activation is important for the production of pro-inflammatory
cytokines such as TNF, IL-6, and IL-1. p38 kinase is a potential target for the treatment of
RA, but clinical trials have yet to identify effective inhibitors. The results show that the
p38 MAPK inhibitor VX-702 has limited clinical efficacy and is accompanied by transient
inhibition of inflammatory biomarkers [77]. However, it may not offer a significant and
permanent inhibitory impact on the chronic inflammation observed in RA. For instance,
the clinical trial, including SCIO-469, an orally administered inhibitor of p38-ac MAPK,
did not show greater efficacy than a placebo in individuals diagnosed with rheumatoid
arthritis [78]. PH-797804, SB-681323, and BMS-582949 are p38 inhibitors currently in clinical
trials [74]. As an alternative approach, higher members of the MAPK cascade, such as
MKKS3, MKK6, and MAP3K5, have been investigated as potential targets in pre-clinical
models [79].

Targeting JNK in this pathway has shown encouraging results in alleviating the clinical
symptoms of RA. JNK1 plays a crucial role in maintaining and promoting inflammation in
the synovium [80]. It is expressed in FLS and macrophage-like synoviocytes (MLS), and
targeting JNK1 with blocking agents can reduce its endogenous expression in both synovial
cell types [81,82]. For example, the use of the JNK inhibitor SP600125 has decreased c-Jun
transcription and enhanced the accumulation of phospho-Jun, thereby attenuating the
inflammatory response. In addition, the JNK inhibitor AS601245 can relieve symptoms of
collagen-induced arthritis rat model (CIA) rats [83].

Current pharmacological drugs used for treatment therapy specifically target or inter-
act with the NF-«kB signaling pathway. The NF-kB signaling pathway regulates a variety
of cellular processes, including inflammation, immune response, and cell survival [74,84].
These drugs act by modulating NF-«kB activity, inhibiting its activation or blocking down-
stream signaling events. For example, methotrexate (MTX) is an effective drug for the
treatment of RA and affects TNF-o levels in early RA patients via the NF-«kB pathway [85].
Prednisolone, a synthetic glucocorticoid, inhibits the transcription of inflammatory genes
via the NF-«B signaling pathway and is clinically used to reduce RA inflammation [86].

In addition, new drugs are currently being investigated and developed to reduce
the activity of aggressive FLS by modulating the NF-«B signaling pathway. Iguramod
(T-614) is a new disease-modifying anti-rheumatic drug that inhibits NF-«B activation
and is approved for the treatment of RA in Japan and China [87]. Denosumab inhibits
NEF-«B ligand-receptor activator and can partially restore bone erosions in RA patients.
The combination of Denosumab with DMARDs may be considered in RA patients with
progressive bone erosions. Previous studies have demonstrated the efficacy of an antagonist
targeting cysteinyl leukotriene receptor 1 (CysLT1) in inhibiting NF-kB pathway activation
as well as interleukin-6 (IL-6) and interleukin-8 (IL-8) secretion in FLS [88]. The results
of this study suggest that modulation of CysLT1 and leukotriene B4 (LTB4) receptors
may be an effective therapeutic strategy to reduce inflammation and slow the progression
of RA patients [89]. However, further studies are needed to confirm their efficacy and
to investigate their clinical application. The integration of multiple biomarkers and the
use of advanced technologies may increase their diagnostic and prognostic value in the
future [10,90,91].

3.3.3. Non-Coding Ribonucleic Acids

Non-coding ribonucleic acids (ncRNAs) have emerged as potential biomarkers for
rheumatoid arthritis (RA). ncRNAs are RNA molecules that do not encode proteins but
play important regulatory roles in gene expression and cellular processes, including sig-
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naling pathways. ncRNAs comprise a diverse group of molecules, including microRNAs
(miRNAs), long non-coding RNAs (IncRNAs), and circular RNAs (circRNAs).

The level of miRNAs can influence the secretion of inflammatory cytokines or metallo-
proteinases (MMPs), which in turn can impact the progression of RA [92]. Certain miRNAs
have been found to inhibit cell proliferation and promote apoptosis [93], while others have
been shown to contribute to the inflammatory environment, possibly leading to tissue
damage [94,95]. Animal and cell culture experiments have shown promising results when
certain miRNAs alleviate or enhance RA symptoms. For example, when overexpressed,
miR-34a-3p [96], miR-129-5p [97], miR-203 [98], miR-410-3p [99], and others can inhibit cell
proliferation and promote apoptosis by targeting different proteins. On the other hand,
miR-138 [100], miR-26a-5p [94], miR-98 [101], and similar miRNAs enhance inflammatory
responses. In addition, miRNA-486-5p up-regulation in exosomes has been found to inhibit
cell proliferation and migration, suggesting that exosomes could be a suitable vector for
the therapeutic delivery of miRNA-486-5p [102]. Long non-coding RNAs (IncRNAs) over
200 nucleotides in length are widely expressed in many human tissues and can be a diagnos-
tic tool for RA [103]. However, like miRNAs, they may have dual effects. Some IncRNAs
have anti-inflammatory properties, while others can enhance inflammatory reactions. For
example, inhibition of specific long non-coding RNAs (IncRNAs) has been observed to alle-
viate both inflammation and hyperplasia. The involvement of non-coding RNAs (ncRNA)
FER1L4 and MEG3 in RA has been demonstrated in [104,105]. MEG3 upregulation has an
inflammation-suppressive effect by modulating the AKT/mTOR signaling cascade [106].
PICSAR, an additional (ncRNA), influences several cellular processes, including cell pro-
liferation, migration, invasion, and the synthesis of IL-6, IL-8, and MMP-3. It exerts this
influence by interacting with miR-4701-5p [107]. The role of the miR-222-3p/Sirt1 axis is
central to the action of GAS5 in mitigating RA FSL proliferation, inflammation, and apop-
tosis [108]. Silencing of the IncRNA ZFAS1 may mitigate inflammation and hyperplasia by
competitively binding to miR-296-5p and regulating MMP-15 expression in the context of
an experimental arthritis model. Inhibition of ZFAS1 has been observed to alleviate both
inflammation and hyperplasia. This effect is achieved by binding ZFAS1 to miR-296-5p,
which subsequently regulates MMP-15 expression [109]. Furthermore, IncRNAs expressing
IncRNA-H19 injected into the ankles of collagen-induced arthritis (CIA) mice ameliorate the
progression by competing with miR-124a, which directly acts on CDK2 and MCP-1 [110].

Circular RNAs (circRNAs) are a recently discovered class of endogenous ncRNA
molecules whose importance in regulating gene expression is increasingly recognized.
CircRNAs have been found to be abnormally elevated in RA and to contribute to dis-
ease progression. These circRNAs have been identified as abnormally increased in RA
and contribute to the advancement of the disease. These ncRNAs have great potential
and promising targets for the treatment of RA. They have several functional properties,
including RNA polymerase II elongation, regulation of RNA maturation, and protein
localization [111]. Several studies have started to investigate the involvement of circRNAs
in the pathogenesis of RA. As an example, the molecule circ0088036 has been observed
to have an atypical increase in FLSs. This abnormality contributes to the progression of
RA by acting as a molecular sponge for miR-140-3p, thereby augmenting the production
of SIRT 1 [112]. Other circRNAs, circFADS2 and circ_0000396, have been shown to have
cytoprotective effects against apoptosis and suppress cell proliferation [113]. Furthermore,
it has been observed that circRNA_09505 plays a significant role in promoting the expres-
sion of AKT1 by regulating the IkBa/NF-kB signaling pathway in macrophages. Notably,
the knockdown of circRNA_09505 has shown promising results in alleviating arthritis and
inflammation in mice with collagen-induced arthritis (CIA) [114]. RNA plays a crucial
role in the pathophysiology of rheumatoid arthritis (RA) and has great potential for diag-
nostic and therapeutic target treatment. Despite challenges related to identification and
characterization, tissue specificity, standardization and reproducibility, functional charac-
terization, validation, and clinical utility, ncRNA are promising potential biomarkers of RA
due to their stability, detectability in various body fluids, and involvement in regulatory
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processes [115-117]. However, further studies are needed to fully understand the complex
mechanisms underlying these different forms of RNA.

3.3.4. Oxidative Stress Molecules

Oxidative stress is defined as a harmful condition characterized by an imbalance
of oxidative molecules, such as reactive oxygen species (ROS), leading to an excess of
prooxidants [118]. This imbalance can lead to disruption of redox signaling and molecular
damage. Under physiological conditions, ROS are required to maintain the cellular redox
status and play an important role in cell signaling pathways, differentiation, proliferation,
growth, apoptosis, regulation of the cytoskeleton, and phagocytosis. However, when
ROS levels exceed physiological levels, they can have detrimental effects on many cellular
components, such as cell membranes, lipids, proteins, and nucleic acids [119,120]. In RA
patients and animal models, there is a significant association between blood ROS levels
and RA severity. Several studies have shown alteration in the expression of nitric oxide
(NO) and inducible nitric oxide synthase (iNOS), which lead to impaired infiltration of
T- and B-cells into the joints by interfering with their chemotaxis and adhesion [121,122].
Furthermore, promising results have been observed with NOS and iNOS inhibitors L-
NAME and iNOS inhibitor GW274150 in reducing the inflammatory response and synovial
thickness, offering the potential for targeted treatments [123,124]. In addition, patients
with active RA are characterized by increased ROS levels and reduced antioxidant capacity,
leading to increased levels of lipid peroxidation, which can be observed in synovial fluid
and blood samples [125-128]. Based on previous studies, a positive correlation between
lipid peroxidation biomarker malondialdehyde (MDA) and proinflammatory cytokines
has been observed in the serum of individuals with RA [129]. Furthermore, studies have
shown that reactive oxygen metabolites (ROM) are increased in blood samples from RA
patients and positively correlate with disease activity [130]. In line with these findings,
it has been observed that RA patients have reduced levels of antioxidants in serum and
synovial fluid [131,132].

A link between oxidative damage to synovial tissue, mitochondrial dysfunction, and
hypoxic status in arthritic joints has also been demonstrated. For example, inflammatory
mediators and hypoxic conditions can impair the mitochondrial state of synovial cells,
leading to metabolic shifts and increased mutation rates. Furthermore, oxidative stress can
alter energy metabolism, increase ROS production, and raise mitochondrial mutagenesis,
thereby contributing to inflammatory processes and impaired angiogenesis in RA patients.
The metabolic disparity between healthy synovial tissue and RA-affected synovial tissue
particularly highlights the alterations in cellular metabolism known as the Warburg effect
or aerobic glycolysis [133]. This phenomenon describes the overexpression of glycolytic
enzymes in RA synovial tissue and its potential impact on inflammatory cytokines, cell
proliferation, and disease activity [134,135]. In the context of RA, studies have shown
that hypoxia-inducible factor (HIF)-1« is important in maintaining oxygen balance and
regulating the expression of genes involved in angiogenesis and inflammation in the
synovium. Various factors, including hypoxia, ROS, cytokines, hormones, and mechanical
stress, influence HIF-1x activation. In terms of clinical relevance, the potential of therapies
targeting HIF-1ox or angiogenic factors as an alternative approach to the treatment of RA
has been suggested [136,137]. Furthermore, studies on the Notch signaling pathway in
the context of RA have revealed its role in regulating cellular processes and promoting
inflammation. It has also been suggested that the Notch signaling pathway could be used
as a pharmacological treatment for RA [138].

In general, local treatment of early synovitis with conventional glucocorticoids and
synovectomy involves targeted suppression or eradication of aggressive fibroblast-like
synoviocytes. In advanced RA, combining immunosuppressants with local FLS-targeted
therapy can more effectively control disease activity.
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4. Conclusions and Future Directions

In the course of MonoA, local synovitis treatment involves targeted inhibition or
destruction of fibroblast-like synoviocytes. Today, several new intra-articular therapies have
been approved in clinical studies, especially for osteoarthritis patients with an inflammatory
endotype where FLSs are less aggressive. Currently, various slow-acting steroidal drugs
for the local treatment of synovitis, which do not have a detrimental effect on cartilage,
are gradually being marketed in clinics. Various combination therapies (steroids with
HA, steroids with anesthetic, nonsteroidal anti-inflammatory drugs with HA, etc.) are
currently approved in clinical practice and have proven to be effective in pain relief. Thus,
personalized medicine initiatives involve the choice and decision of medicines based
on the unique clinical characteristics or risk factors and biomarker expression of each
patient [130]. A local approach to the elimination of synovial tissue inflammation will lead
to the discovery of new local targets related to surface markers and intracellular proteins,
non-coding RNAs, signaling molecules, and improvement in the treatment techniques
and protocols.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/medicina60111819/s1, Table S1: Local treatments: advantages and
disadvantages.
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Abstract: Sjogren’s disease (SjD), or primary Sjogren’s syndrome (pSS), is a heterogeneous chronic
autoimmune disorder with multiple clinical manifestations that can develop into non-Hodgkin’s
lymphoma in mucosa-associated lymphoid tissue. 5jD is one of the autoimmune diseases with the
maximum delayed diagnosis due to its insidious onset, heterogeneous clinical features and varied
course. It is increasingly recognized that extraglandular manifestations represent a clinical challenge
for patients with §jD. The European League Against Rheumatism (EULAR) Sjogren’s Syndrome (SS)
Disease Activity Index (ESSDAI) is a systemic disease activity index designed to measure disease
activity in patients with primary Sjogren’s syndrome. It consists of 12 domains: cutaneous, pul-
monary, renal, articular, muscular, peripheral nervous system, central nervous system, hematological,
glandular, constitutional, lymphadenopathy and lymphoma, biological. More than a quarter of
patients with pSS may have systemic features that are not included in the ESSDAI classification, i.e.,
various cardiovascular, ophthalmic, ENT, and other systemic or organ involvement that increase the
magnitude of the systemic phenotype in the disease. The ESSDAI also excludes the gastrointestinal
(GI) tract, and unfortunately, GI manifestations are not routinely assessed. Gastroesophageal reflux
disease (GERD) is one of the most prevalent gastrointestinal disorders, impairing quality of life
and consuming a large volume of medical resources. Recently carried out the Mendelian random-
ized trial confirmed the causal link between SjD and gastroesophageal reflux disease (GERD) and
showed that GERD is a risk factor for SjD. This review aims to provide an overview of the research
describing evidenced based links between Sjogren’s disease and gastroesophageal reflux disease,
with the intention of ensuring that any systemic pathology in Sjogren’s disease is properly assessed
and that management of the disease is directed towards the patient. A comprehensive literature
search was carried out on PubMed, Web of Science, Scopus and the Cochrane Library databases. Two
researchers searched for published studies indexed from inception to 1 September 2024 using the
keywords ‘Sjogren’s syndrome’ OR ‘Sjogren’s disease” AND ‘gastroesophageal reflux disease” AND

‘microbiota” OR microbiota dysbiosis’. We limited our search for scientific articles to human studies,

and only included articles in English. Overall, there is a lack of evidence-based studies assessing the
association between GERD and Sjogren’s disease and the changes in the microbiota associated with
GERD in a multidisciplinary setting. Such studies are needed for the future, as this will improve the
early diagnosis of Sjogren’s disease and the personalized management of the disease.

Keywords: Sjogren’s disease; gastroesophageal reflux disease; extraglandular manifestations;
microbiota; Mendelian randomized study

1. Introduction

Sjogren’s disease (SjD), or primary Sjogren’s syndrome (pSS), is a heterogeneous
chronic autoimmune disorder with multiple clinical manifestations that can develop into
non-Hodgkin’s lymphoma in mucosa-associated lymphoid tissue [1]. An analysis of the
results from 62 studies provided an up-to-date summary of the available evidence on the
incidence, prevalence, age of symptom onset and age of diagnosis of S5jD globally, based on
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the 2016 ACR/EULAR diagnostic criteria. This summary identified a prevalence ranging
from 12.4 to 13.1 per 100,000 person-years or 22.0 to 770.0 per 100,000 persons (once metrics
were scaled t0100,000 persons) [2]. SjD is one of the autoimmune diseases with the most
delayed diagnoses due to its insidious onset, heterogeneous clinical features and varied
course [3].

It is increasingly recognized that extraglandular manifestations represent a clinical
challenge for patients with §jD, as the clinical features of the disease vary [4]. The European
League Against Rheumatism (EULAR) Sjogren’s Syndrome (SS) Disease Activity Index
(ESSDAL) is a systemic disease activity index designed to measure disease activity in
patients with primary Sjogren’s syndrome. The ESSDAI is used as the gold standard for
assessing disease activity in clinical trials. It consists of 12 domains (cutaneous, pulmonary,
renal, articular, muscular, peripheral nervous system (PNS), central nervous system (CNS),
hematological, glandular, constitutional, lymphadenopathy and lymphoma, biological) [5].

EULAR Sjogren’s Syndrome Patient Reported Index (ESSPRI), and other patient-
reported outcomes (PROs), such as the visual analog scale (VAS) for symptoms and EULAR
sicca score (ESS), are used to assess the disease activity of primary Sjogren’s syndrome
(pSS) [6]. More than a quarter of patients with pSS may have systemic features that are not
included in the ESSDAI classification, i.e., various cardiovascular, ophthalmic, ENT and
other systemic or organ involvement that increase the magnitude of the systemic phenotype
in the disease. The ESSDAI also excludes the gastrointestinal tract [7]. Although the ESS-
DALI, ESSPRI and PROs do not include the gastrointestinal tract, the main gastrointestinal
manifestations of Sjogren’s disease can occur in the esophagus, stomach, pancreas, liver
and small intestine, and unfortunately are not routinely assessed [8,9] (Figure 1).

Renal domain

Cutaneous Pulmonary domain
domain

Biological domain

Articular domain

Lymphadenopathy e
and lymphoma The European League Agalnst Muscular domain
domain Rheumatism Sjogren's o
Syndrome Disease Activity
Index

Constitutional

domain I \

Glandular domain

Peripheral nervous
system domain

Central nervous
system domain

Haematological
domain

Gastrointestinal

domain

Figure 1. The European League Against Rheumatism (EULAR) Sjogren’s Syndrome (SS) Disease
Activity Index (ESSDAI)—a systemic disease activity index designed to measure disease activity in
patients with primary Sjogren’s syndrome.
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Gastroesophageal reflux disease (GERD) is one of the most prevalent gastrointestinal
disorders, impairing quality of life and consuming a large volume of medical resources.
Epidemiological studies show that the prevalence of GERD is steadily increasing world-
wide. The prevalence of GERD ranges from 2.5% to 51.2%, depending on the population
studied and the clinical features assessed, but the pooled prevalence of those studies that
evaluated the criteria of weekly heartburn or regurgitation frequency was 13.3% (95% CI
12.0-14.6%) [10].

Notably, the just-published Mendelian randomized trial confirmed that there is a
causal link between Sjogren’s disease and gastroesophageal reflux disease, and that GERD
is a risk factor for SjD, while Sjogren’s disease itself has no effect on gastroesophageal reflux
disease [11].

This review aims to provide an overview of the research describing evidenced based
links between Sjogren’s disease and gastroesophageal reflux disease, with the intention of
ensuring that any systemic pathology in Sjogren’s disease is properly assessed and that
management of the disease is directed towards the patient.

2. Materials and Methods

A comprehensive literature search was carried out on the PubMed, Web of Science,
Scopus and the Cochrane Library databases. Two researchers searched for published stud-
ies indexed from inception to 1 September 2024 using the keywords ‘Sjogren’s syndrome’
OR “Sjogren’s disease” AND ‘gastroesophageal reflux disease” AND ‘gastrointestinal mani-
festations” AND ‘microbiota” OR microbiota dysbiosis’. We limited our search for scientific
articles to human studies, and only included articles in English.

3. Sjogren’s Disease and Clinical Heterogeneity

The pathogenesis of SjD is multifactorial, resulting from the interaction between
genetic factors and exogenous and endogenous factors, leading to an abnormal autoim-
mune response involving T and B lymphocytes. Inflammation maintains, perpetuates
and enhances tissue damage, leading to progressive functional impairment of the affected
organs [1,12]. S§jD is a systemic disease that can affect almost all organs and systems. This
clinical presentation is due to a variety of mechanisms: secondary exocrinopathy, autoim-
mune epithelitis with periepithelial lymphocytic infiltration of target organs, and organ
autoimmunity with specific autoantibodies, and a systemic presentation involving immune
complexes or cryoglobulinaemia and clonal lymphocyte expansion [12].

Patients with Sjogren’s disease are heterogeneous in terms of their clinical symptoms,
systemic manifestations and risks. A recent study identified different groups of patients
with Sjogren’s disease based on subjective symptoms, objective test results and biological
parameters. The results of this study underline the fact that, even in patients with predomi-
nantly systemic symptoms, the symptom burden is high and should not be ignored. These
results reinforce the need for appropriate assessment of patient complaints in all subgroups
of Sjogren’s disease, irrespective of systemic activity [13].

3.1. Gastrointestinal Manifestations in Sjogren’s Disease

Since 2015, the annual reviews of Clinical and Experimental Rheumatology have summa-
rized the innovations in Sjogren’s disease research from that year. These annual reviews
highlight the heterogeneity of the disease and the importance of the early detection of both
glandular and extraglandular manifestations. Also, a recent systematic review highlighted
the importance of early diagnosis of pSS, with recommendations for early recognition of
the disease, particularly focusing on the recognition of organ-specific “hidden” signs of
systemic disease. Although the annual Clinical and Experimental Rheumatology reviews aim
to emphasize the importance of an early diagnosis of pSS, focusing on the recognition of
organ-specific “hidden” signs of systemic disease, there are very few reviews of studies on
the gastrointestinal manifestations of Sjogren’s disease, and no mention of GERD [14-24].
The 2018 review presents the results of a study showing that elevated levels of fecal calpro-
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tectin, a good marker of gastrointestinal inflammation, were found in a subgroup of patients
with pSS and were associated with gastrointestinal tract comorbidities. Also, a study was
reviewed in which severe intestinal dysbiosis was associated with clinical and laboratory
signs of systemic disease activity, as well as with laboratory signs of gastrointestinal tract
damage [18].

In a retrospective analysis of the Spanish Sjogrenser cohort, gastrointestinal involve-
ment occurred in approximately 16% of patients, particularly as an autoimmune disorder,
and in half of the patients, gastrointestinal involvement occurred at the same time as or
after the diagnosis. Chronic atrophic gastritis was the most common form reported in
approximately 30% of patients, followed by primary biliary cholangitis and autoimmune
hepatitis. Pancreatic involvement was reported in 10% of patients and 7% had coeliac
disease. Patients with gastrointestinal involvement were significantly older at the time of
diagnosis of SS, were more likely to be female, and had a higher prevalence of autoimmune
hypothyroidism and C3 hypo-complementemia [19].

In recent years, convincing evidence has suggested that patients with systemic
rheumatic diseases, in particular pSS, may have an increased risk of coeliac disease (CD).
A recent multicenter, case—control, Italian study involving more than 1400 patients with
systemic autoimmune diseases, including pSS, systemic lupus erythematosus (SLE) and
systemic sclerosis, reinforced this hypothesis. Primary SS patients were characterized by
having a significantly higher prevalence of CD in comparison to a wide general population
(6.78% vs. 0.64%). Moreover, pSS patients with CD were younger at autoimmune disease
diagnosis in comparison to a nonceliac group, thus suggesting that screening for CD may
be considered in young pSS patients, especially at disease diagnosis [21].

It was revealed that patients with pancreatic involvement had a higher prevalence of
central nervous system and renal involvement, Raynaud’s phenomenon, lymphoma and
hypocomplementemia in Sjogren’s disease [24].

3.1.1. Gastroesophageal Reflux in Sjogren’s Disease

As mentioned above, GERD was not mentioned when summarizing the results of the
studies on gastrointestinal clinical manifestations in Sjogren’s disease in the annual reviews
of Clinical and Experimental Rheumatology. However, to summarize other published studies
on the association between Sjogren’s disease and GERD, they can be categorized as follows:
GERD is a comorbidity of Sjogren’s disease; GERD is an extraglandular manifestation of
Sjogren’s disease; and GERD is a risk factor for developing Sjogren’s disease (Figure 2).

The exact mechanism of the link between SS and GERD is not fully understood.
Several explanations are given for why GERD occurs in people with SS. We know that
the pathophysiology of GERD is multifactorial. A variety of factors can cause GERD
symptoms, such as gastric anatomy and motility, the antireflux barrier, reflux properties,
clearance mechanisms and mucosal integrity. On the one hand, studies have shown that
the pathophysiology of the gastroesophageal tract of patients with SjD is different, and
on the other hand, studies do not always exclude confounding factors (e.g., medication),
which can lead to a bias in the results. Moreover, the sequence of the development of SS
and GERD is not definitively clear [11,25,26].

Gastroesophageal Reflux Disease as a Comorbidity of Sjogren’s Disease

In this section, we will review publications listing GERD as a comorbidity in
Sjogren’s disease.

A Cox proportional hazards regression model was used to estimate the risk of gastroe-
sophageal reflux disease in 4650 patients with Sjogren’s disease from 2000 to 2011. This
study demonstrated that the risk of GERD among SS patients is 2.41-fold greater than that
for general population [25]. A review of the literature summarizes the possible association
between GERD and rheumatoid arthritis, mixed connective tissue disorders, Sjogren’s
syndrome, systemic sclerosis and other diseases in which GERD is a comorbidity [26].
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Figure 2. The association between Sjogren’s disease and gastroesophageal reflux disease.

The results of the 2016 Sjogren’s Foundation survey, with 25 questions designed in a
collaborative effort between the Foundation, patients with SjD, §jD provider experts and a
marketing research company, revealed that 48 percent of SjD patients have had GERD as a
medical comorbidity [27].

A recent study to determine how pain, dryness and fatigue—the main symptoms of
Sjogren’s disease—contribute to cluster phenotypes identified GERD as a common comor-
bidity in Sjogren’s disease patients. The 1454 participants from the Sjogren’s International
Collaborative Clinical Alliance (SICCA) Registry and 2920 participants of the Sjogren’s
Foundation survey were divided into the following groups: (1) low symptom burden
across all categories (LSB); (2) dryness with low pain and low fatigue (DLP); (3) dryness
with high pain and low-to-moderate fatigue (DHP); and (4) high symptom burden across
all categories (HSB). The Sjogren’s Foundation survey of 2920 people identified 1327 Sjo-
gren’s disease patients with comorbid gastroesophageal reflux disease. A significantly high
prevalence of GERD as a comorbidity was found in group DHP and the lowest in group
LSB, respectively, out of groups LSB (1 = 665), DLP (1 = 409), DHP (n = 611) and HSB (n =
1235), with n = 237 (39%), n = 155 (41%), n = 288(49%) and n = 647(54%) [28].

More recently, a large sample study, one of the aims of which was to determine the
relationship between the diagnosis of SD and the comorbidities diagnosed in these patients,
found that 60% of patients with Sjogren’s disease reported oesophageal reflux as a comorbid
condition [29].

The results of the study, which show that patients with Sjogren’s disease have a higher
risk of gastroesophageal reflux disease compared to the general population, suggest that
reflux is a common extraglandular manifestation of Sjogren’s disease [30]. The results
of this study are flawed in that the prevalence may have been underestimated because
only individuals who needed help were referred to the facility, the cross-sectional design
used meant that a causal relationship based on the observed correlation between Sjogren’s
syndrome and gastroesophageal reflux disease may not have been established. Medication
use was not assessed in this study. Finally, as this study was conducted in a Taiwanese
population, the results of the study are generalizable to other ethnic populations. All of
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these studies described above did not assess the effect of drugs on the development of
GERD, which can be considered a limitation of these studies.

Gastroesophageal Reflux Disease as an Extraglandular Manifestation of Sjogren’s Disease

There is a dearth of scientific papers describing GERD as an extraglandular mani-
festation in Sjogren’s disease. An early study found no association between swallowing
disorders and esophageal motor function in patients with Sjogren’s disease. The results of
this study showed that pathological GERD, corresponding to the most common forms of
dysmotility that are characteristic of GERD, was very common in SjD patients. These results
underline the importance of an early and accurate diagnosis of GERD in SjD patients to
prevent or correct esophageal pathology, as acid elimination from their esophagus is altered
due to reduced saliva volume [30]. Also, another research study suggests that antibody-
mediated disruption of M3-muscarinic receptor neurotransmission and the subsequent
inhibition of smooth muscle contraction may lead to the gastrointestinal disturbances that
are characteristic of Sjogren’s disease [31,32].

In a study published more than a decade ago to assess the prevalence of gastroe-
sophageal reflux disease (GERD) symptoms and tooth wear in patients with Sjogren’s
syndrome (SS) compared to controls, a statistically significantly higher proportion of SS
patients reported suffering from heartburn and regurgitation compared to controls [33].

The review article highlights the problems that arise in the diagnosis of Sjogren’s
disease and the prognosis of the outcome of the disease, mentioning gastroesophageal
reflux as an extra-glandular manifestation [34].

Gastroesophageal reflux (GER) has also been shown to be common in Sjogren’s disease
and can cause or contribute to a range of symptoms (such as heartburn, nausea, chronic
cough, nausea, dysphagia). In this case-control study, the prevalence of GER was observed
to be 60% in pSS patients compared to 23% in the control group [29]. A cross-sectional
population-based study in Taiwan found that 4650 patients with SjD had a 2.4-fold higher
risk of GERD compared to controls after adjusting for age, sex and comorbidities. Possible
predictors of GERD in SjD may include reduced saliva volume, reduced esophageal motility,
sphincter relaxation, slower gastric emptying time or side effects from medications [35].

Gastroesophageal reflux (GER) is present in 13 to 60% of pSS patients with gastroin-
testinal manifestations according to different researchers [7,36].

Chronic glandular inflammation impairs the protective function of the pharyngeal,
laryngeal and esophageal mucosa against acid and gastric protease damage in Sjogren’s
disease. Tissue immunity depends on the protective mucin cell layer, which weakens the
diffusion of hydrochloric acid and changes the pH. When the epithelium is under immune
attack and inflammation develops, the pharynx, larynx and esophagus are unable to react
adequately to the damaging effects of gastric reflux [35].

A survey of people claiming to have primary and secondary Sjogren’s syndrome and
sicca syndrome found that 86.97% of them experience intermittent/permanent dry mouth,
and almost 80% of them experience GERD symptoms [37].

The study described in the previous section, in which the prevalence of GERD co-
morbidities was significantly highest in the dryness with high pain and low to moderate
fatigue (DHP) group and lowest in the low symptom burden across all categories (dryness,
pain, fatigue) (LSB) group [28], suggests that GERD is an extraglandular manifestation of
Sjogren’s disease.

Gastroesophageal Reflux Disease as a Risk Factor for Developing Sjogren’s Disease:
Insights from Mendelian Randomization Studies

There has been an observation that, in patients with Sjogren’s disease, the SjD regimen
did not improve GERD-related symptoms, and in some patients, reflux was exacerbated due
to side effects of the drug. Surprisingly and inexplicably, when patients with SjD received
medication for GERD, their condition improved at the same time. It was hypothesized that
there might be a genetic link between GERD and SjDS, and that GERD might influence
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the onset and course of SjD [10]. To date, until this Mendelian study, there had been no
evidence-based research on the role of GERD in determining the risk of developing SjD.
The Mendelian randomized trial confirmed that there is a causal link between Sjogren’s
disease and gastroesophageal reflux disease, and that GERD is a risk factor for SjD, while
Sjogren’s disease itself has no effect on gastroesophageal reflux disease. This study is
based on clinical observations and the authors hope that the results will also be used for
clinical diagnosis and treatment. The authors emphasize that we should pay attention to
the likelihood of SjD when diagnosing GERD, and that physicians can alleviate GERD
symptoms in SS patients to control the progression of SS [11].

This study has limitations due to the sample size and the fact that only European
populations were selected for the study. In the future, the authors of the mentioned study
plan to expand the sample size and sample information to include more different ethnic
groups in order to confirm a causal link between GERD and SjD.

The results of another recent Mendelian study suggest that some microorganisms may
have a protective role against the development GERD, such as the Family Clostridiales Vadin
BB60 group, Genus Lachnospiraceae UCG004, Genus Methanobrevibacter and Phylum Acti-
nobacteria, whereas other microorganisms, such as the Class Mollicutes, Genus Anaerostipes
and Phylum Tenericutes, may be risk factors for the development of GERD. With regard
to reverse causality, where GERD is a consequence and the gut microbiota is a result, the
studies show that GERD is caused by dysbiosis in 13 different classes of gut microbiota.
This Mendelian study has shown a genetic link between changes in the abundance of gut
microbiota and the risk of GERD. This not only supports the feasibility of gut microenvi-
ronmental treatment of GERD, but also lays the groundwork for advanced research into
the role of the gut microbiota in the etiology of GERD [38].

Recently, it has been shown that the gut microbiota, metabolites and metabolic path-
ways in healthy children and children with GERD are different, and that differences in
metabolites are associated with specific changes in bacterial abundance. In the future,
this may provide new evidence on the pathogenesis of GERD, and possibly expand our
knowledge of Sjogren’s disease [38].

Helicobacter pylori is a Gram-positive bacterium and plays a role in the inflammation
and carcinogenesis of the stomach lining. Helicobacter pylori infection is estimated to
affect a large proportion of the world’s population, with a prevalence ranging from 60.3
to 80% [39-48]. The results of two Mendelian randomization analyses reveal a causal link
between H. pylori infection and an increased susceptibility to GERD, and may lead to a
better understanding of the pathogenesis of GERD [44].

A bidirectional Mendelian randomized trial found that GERD may increase the like-
lihood of insomnia, snoring and obstructive sleep apnea, in addition to shortening sleep
duration [45], and undoubtedly contributes to the increase in oral dryness and chronic
fatigue in patients with §jD and GERD.

Characteristic Changes in Microbiota in Sjogren’s Disease and Gastroesophageal
Reflux Disease

GERD can increase the risk of SS due to changes in the gut and esophageal microbiota.
A recent study shows that Bacteroides and Prevotella increase significantly in GERD patients,
while Actinobacteria, Lactobacilli, Micrococci, Rotella and Streptococci decrease significantly
in these patients [49]. Dysbiosis of the microbiota in the gastrointestinal tract due to
gastroesophageal reflux disease may in turn increase the risk of Sjogren’s syndrome [38,39].
The esophageal microbiome of GERD patients and healthy individuals has been studied
and is characterized by two main types: a type I microbiome, which is associated with
a healthy state and is dominated by Gram-positive bacteria, and a type II microbiome,
which is associated with GERD and is characterized by the pronounced prevalence of
Gram-negative and microaerophilic bacteria [50]. Recent evidence suggests that GERD
may develop through an immunogenic pathway. The evidence shows that submucosal
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inflammation induced by cytokines with intact epithelial cells is observed in the distal
esophagus of patients with GERD, likely due to an immunogenic pathway [40,51].

A recent study using 16S ribosomal RNA (16S rRNA) gene sequencing analysis in-
vestigated the association between salivary microbiota and GERD. GERD patients had
a higher relative abundance of Bacteroidetes phylum, Bacteroidia class, Bacteroidales order,
Prevotellaceae family and unidentified_Prevotellaceae genus. A comparison with individuals
with undiagnosed GERD revealed a reduction in the Actinobacteria phylum, the unidentified
Actinobacteria and Bacilli classes, the Micrococcales and Lactobacillales orders, the Micrococ-
caceae and Streptococcaceae families and the genuses Rothia and Streptococcus in the saliva
of patients with GERD [39]. Although the authors of this study claim to have identified
changes in salivary microbiota and biomarkers in GERD patients, the study is flawed due
to the small sample size, the lack of healthy controls and the lack of an analysis of the effect
of ph on oral microbiota.

Another recent study has identified distinct microbiota populations in the distal
esophagus associated with different stages of gastroesophageal reflux disease [52]. A new
study by the same authors shows that the oral microbiome differs significantly between
acid reflux severity groups. This study suggests that excessive gastric acid reflux into the
esophagus may lead to disturbances in the homeostasis of the oral microbiota, suggesting
that the oral ecosystem of patients with GERD will be altered as a direct result of the gastric
reflux and the alteration of saliva production. However, the design of this study is limited
because oral saliva pH was not measured [53].

A recent Mendelian randomization (MR) analysis revealed a possible causal effect of
specific microbial taxa on functional dyspepsia (FD) and irritable bowel syndrome (IBS),
the symptoms of which are often overlapping with those of gastroesophageal reflux disease
(GERD) [54]. The study has limitations in that potential causal relationships may not have
been explored for all species, the European population studied may limit generalizability
to other populations, and the small sample size studied.

Regarding the role of the microbiota, there is a lack of studies that simultaneously
investigate the expression of the microbiota at different sites in the gastrointestinal tract
of patients with GERD, Sjogren’s disease. Further research into the links between GERD,
Sjogren’s disease and the microbiota on appropriate design will help to elucidate the
pathogenesis of Sjogren’s disease in the future, and will lead to the development of effective
disease monitoring and treatment.

4. Conclusions

Overall, there is a lack of evidence-based studies assessing the association between
GERD and Sjogren’s disease and the changes in the microbiota associated with GERD in a
multidisciplinary setting. Such studies are needed for the future, as this will improve the
early diagnosis of Sjogren’s disease and the personalized management of the disease.
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Abstract: Background and Objectives: For persons with rheumatoid arthritis (RA), the accompanying

systemic inflammatory conditions often insidiously damage extra-glandular organs, causing poor

outcomes. Despite evidence manifesting the application of rehabilitation services (RSs), the associa-

tion between RSs use and changes in the inflammatory response among persons with RA has not yet

been established. With that in mind, this study aimed to evaluate changes in C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) before and after long-term RSs use. Materials and Methods:
For this two-group pre and posttest study, medical data of 4505 persons with RA aged 20-70 years

between 2012 and 2017 were retrieved from an electronic medical record database held by a hospital

in Taiwan. Of them, 1387 subjects were categorized as RSs users, who received RSs at least six times

within the first year of RA onset. Generalized estimating equations analysis was then employed to
compare the changes in ESR and CRP at baseline, and at 12, 18, 24, 30, and 36 months after RA onset.
Results: After adjusting for inherent differences and mature impact, those receiving standard care

plus RSs were found to have a lower CRP level than those without receiving RSs. This benefit was

maintained within a 3-year follow-up period. Additionally, a slight but nonsignificant reduction in

ESR existed over the same timeframe. Conclusions: Integrating RSs into conventional care may be

helpful to modulate the inflammation for RA patients, but further research via randomized controlled

trials is needed to validate the application of RSs.

Keywords: rheumatoid arthritis; rehabilitation services; inflammatory response; generalized

estimating equations; follow-up study
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1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disorder featuring progressive joint
destruction resulting from chronic synovial inflammation. RA mainly affects working
age people, thus imposing significant consequences on physical functioning and working
capacity [1]. One estimate indicated that within the first 3 years after RA onset, approxi-
mately 30% of affected people become disabled, thus leading to a socioeconomic burden [2].
According to a recent report, the all-cause societal costs for RA annually is approximately
USD 40 billion; likewise, the per-capita healthcare costs for RA patients is USD 20,919,
triple that of those without RA [3].

Today, a growing body of evidence supports the notion that the inner inflammation
accompanying RA may threaten other organs and systems beyond the joints, and increase
risks of cardiovascular disease, pulmonary disease, and cancer [4,5]. In response to in-
flammation from RA, the body produces C-reactive protein (CRP), and the erythrocyte
sedimentation rate (ESR) would increase throughout the body. In clinical practice, there-
fore, measuring these parameters in the serum can assist to diagnose and monitor related
symptoms for persons with RA [6,7]. On top of that, both indicators have been incorpo-
rated into disease activity composite scores, including the 28-joint disease activity score
(DAS 28). In a study that followed patients with inflammatory arthritis for ten years, it
showed that an elevated CRP level (=5 mg/L) was correlated with a three-fold increase in
death due to cardiovascular disease, independent of conventional risk factors [8]. Given
that the persistent inflammatory condition significantly worsens outcomes for those af-
flicted with RA, efforts focusing on breaking the loop of inflammation driven by RA are of
paramount importance.

Currently, rehabilitation services (RSs) have been proposed as a potential for restoring
RA patients’ functional independence and improving their psychophysical function [7].
The application of RSs in the field of rheumatology mainly covers non-pharmacological
therapy and also includes therapeutic patient education, exercises, physical modalities,
orthoses, assistive devices, hydrotherapy, and dietary interventions [7]. Former evidence
has indicated that hydrotherapy may reduce disease activity, improve mood, and mitigate
joint tenderness as compared to no intervention via regulating the inflammatory milieu
and oxidative stress [7,9]. Additionally, a recent study of 40 people with RA found that a
combined treatment approach of medication and hydrotherapy remarkably abated damage
from reactive oxygen species [10]. Some studies using both animal models and human
experiments further documented that the use of RSs could be one way to enhance phys-
ical function via suppressing the release of bodily inflammatory cytokines, particularly
interleukin (IL)-6, IL-1, and tumor necrosis factor-a [11,12], all of which are correlated with
the production of acute-phase reactants and rheumatoid cachexia, which impair physical
performance [6,7,13].

While there is growing evidence for the benefits of RSs, no concrete, large-scale follow-
up data are available to investigate the specific effects of adding RSs into routine care on
changes in CRP and ESR in RA patients. A long-term assessment towards this neglected
area not only adds to the body of evidence regarding specific therapeutic effects, but
also provides novel information for decision makers involved in healthcare services for
RA patients. Therefore, to address this gap, we carried out a pretest-posttest follow-up
experimental design study to clarify the association between RSs use and changes in CRP
and ESR in RA patients.

2. Materials and Methods
2.1. Research Design and Participants

The retrospective observational study focused on RA patients seen at the rheumatology
clinic in a 900-bed regional hospital in Taiwan. Since 2012, the target hospital set up
an electronic medical record database (EMRD) to store healthcare claim data, including
records of patients” demographics, diagnoses, prescriptions, and hospitalizations that
occurred in the target hospital. The identification numbers of patients in the datasets
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were encrypted to protect privacy. As the encryption is consistent across all datasets,
the encrypted identification numbers remain unique, which makes it feasible to conduct
longitudinal follow-up investigations. Prior to commencement, this study was approved
by the institutional review board and ethics committee of Buddhist Dalin Tzu Chi Hospital
and conducted in accordance with the declaration of Helsinki (No. B11002011).

Herein, we recruited patients aged 20-70 years old who were seen both in outpatient
and inpatient settings, diagnosed by the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) with a category of 714.0, from January 2012 to
December 2017. The date when each RA patient received the relevant treatments in the
target hospital was deemed the index date. In order to improve the accuracy of the RA
diagnosis, we only selected RA patients who received treatments from rheumatologists. A
total of 6518 RA patients were initially identified for the study. The patients’ relevant disease
activity must be evaluated at baseline by their treating rheumatologist and rheumatology
nurse and monitored at least every three months thereafter. We excluded persons who
did not complete scheduled laboratory tests, or who were followed for less than one year
and had incomplete data (n = 2013). A total of 4505 RA subjects were included in the final
analysis.

2.2. Exposure of Rehabilitation Services Usage

Following the abovementioned filtering process, study participants were further
linked to the ambulatory care visit claims to identify their pattern of RSs use after the RA
episode. We searched for relevant RSs codes, which comprised 42007A, 42010A9, 42010A7,
42004A2, 42010AD, 42010A5, 42004A8, 42004A, 42010A6, 42004A1, 42016C, 42004A9,
42013A, 42001A, 42013A2, 42013A6, 43026C, 42004A5, 43007A8, 43007A4, 43029A, 43011C,
43010C, 43016C, 43017C, 43007A1, 42107A, 43007AA, 42010A, 44010C, 43015C, 43014C,
42013A1, 44007A2, 44007A9, 44007A, 43007A7, 44007AA, 42004A4, 43007A2, 43012C,
43013C, 42010AB, 44007A8, 43007AF, 43004A, 43007AB, 44004A, 42004A3, and 43007 A.
In Taiwan, all RSs covered by the National Health Insurance (NHI) are provided only by
board-certified physical therapists who received rigorous training in medical schools and
through relevant accredited hospital programs. Additionally, the guideline by the NHI
indicated that six adjunctive treatments, like acupuncture, had to be delivered every week
for six weeks in total to each patient, and are, accordingly, defined as one complete RSs
treatment [14]. Accordingly, the participants were identified as RSs users if their records
included any of the above codes and had at least six sessions within the timeframe after
the onset of RA, and the remaining cases were classified as non-RSs users.

2.3. Measurement of Primary Outcomes

Primary outcomes in this work focus on the changes in CRP and ESR. For CRP, the
hospital used an automated latex particle-enhanced immunoturbidimetric assay to calculate
the CRP level in serum or plasma (Beckman Coulter DxC 700 AU analyzers, Brea, CA,
USA). As for ESR, it was measured with quantitative capillary photometry (Sysmex, ESR
Analyzer Alifax Test 1, Kobe, Japan). Because the two inflammatory indicators must be
regularly monitored for RA patients, we were able to retrieve these records from the EMRD
at the following times: baseline (T0), 12 (T1), 18 (T2), 24 (T3), 30 (T4), and 36 (T5) months
after the index date (Figure 1).
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6518 cases aged 20-70 years with newly diagnosed RA
between 2012 and 2017

They were be removed:
i. With discontinuing the blood examinations as
scheduled (n = 838)

ii. With missing data regarding the baseline features or

Y

a followed-up period less than one year (n = 1175)

1387 RS subjects 3118 non-RS subjects

Review the individual long-term changes of inﬂammatory
properties prior to RS (T0), and the 12th (T1), 18th (T2), 24th
(T3), 30th (T4) and 36th (T5) months after RS

Figure 1. Flowchart showing the method of selecting and following study subjects. RSs, rehabilitation
services; RA, rheumatoid arthritis.

2.4. Covariates

Covariates considered for the study included gender, age, height, body weight, and
smoking status [15]. Subjects who reported “currently” or “yes/past” to smoking were
classified as users. Comorbid medical conditions for each individual was assessed using
the established Charlson-Deyo comorbidity index (CCI) [16]. The CCI contains 17 chronic
diseases, with a score between 1 and 6 points, and the sum of these scores is regarded
as a measure of comorbidity burden. The comorbidities identified for the CCI included
myocardial infarction, congestive heart failure, peripheral vascular disease, cerebrovascu-
lar disease, dementia, chronic pulmonary disease, rheumatological disease, peptic ulcer
disease, mild liver disease, moderate or severe liver disease, diabetes mellitus (DM), DM
with chronic complications, renal diseases, any malignancy, metastatic solid tumor, and
HIV infection. To avoid double counting and possible over-adjustment in a regression
equation, the diagnosis of RA was excluded from the CCI score in this work. Additionally,
medication use was separated into two groups based on whether the patient ever took
corticosteroids or disease-modifying anti-rheumatic drugs for more than 6 months after the
index date.

2.5. Statistical Modeling

We used SAS 9.3 (SAS Institute, Cary, NC, USA) to link the data, and SPSS 22.0
(Chicago, IL, USA) to perform all statistical tests. At the beginning of the analysis, we em-
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ployed descriptive statistics, including the mean, standard deviation (SD), and percentage,
to describe the distributions for participants. Then, the distributions of baseline characteris-
tics for both RSs users and non-RSs users were compared using the Student’s t-test and -2
test, as applicable. Additionally, intergroup differences before and after RSs involvement,
for each of the outcomes, were studied using the generalized estimating equation (GEE)
model, which is a statistical procedure that extends the capabilities of generalized linear
models for analyzing longitudinal data or other clustered response data [17]. Each GEE
model produces estimates in terms of the main effect of time (baseline as the reference
category), intervention effect (control group as the reference category), and the effect of
one interaction term between the intervention and time after covariate adjustment [18].
The changes in intervention effects over time can then be confirmed from the interaction
term providing it was pronounced. Covariates in which the difference reached statistical
significance at baseline were regarded as the control variables while using the multivariate
GEE model [19]. Robust standard errors were selected to calculate the significance of
parameter estimates, and the autoregressive first-order working correlation matrix was
utilized to adjust for the time effect [18].

Meanwhile, we also conducted one sensitivity analysis to verify the exposure-response
impact of RSs. In this sensitivity analysis, we included the values of ESR and CRP at TO
and T1, and further examined the amplitude of change after separating the use patterns of
RSs that occurred within the first year after RA onset, according to their placement in either
above or below the 50th percentile of the frequency of RSs use. All statistical significance
levels were determined at a two-tailed significance level of less than 0.05.

3. Results
3.1. Baseline Characteristics for All Participants

Demographic and clinical characteristics of the study sample are given in Table 1.
During the study period, a total of 4505 RA patients were recruited, consisting of 1387 in the
RSs group and 3118 in the non-RSs group. The mean age of enrollees was 54.2 years. Over
half of the enrollees were female and nonsmokers. Significant differences were detected in
age, cigarette smoking, weight, and baseline CCI scores between the two groups (all p <
0.05).

Table 1. Demographic and clinical characteristics of study participants by group.

All Enrollees RSs Group Non-RSs Group
Variables (n = 4505) (n =1387) (n =3118) p
N % N % N %
Demographic data

Sex <0.01

Female 3443 76.4 1109 80.0 2334 74.9

Male 1062 23.6 278 20.0 784 25.1
Cigarette smoking 0.001

Yes 63 1.4 31 22 32 1.0

NO 4442 98.6 1356 97.8 3086 99.0
Age (mean £ SD) 542 +13.1 56.2 +12.7 53.25 +13.1 <0.01
Height 156.6 + 7.4 156.9 £ 7.6 156.3 + 7.3 0.65
Weight 59.9 £10.9 62.7 £11.3 57.6 £10.0 0.01

Clinical characteristics

Medication use 0.06

Yes 3090 68.6 923 66.5 2167 69.5

No 1415 314 464 33.5 951 30.5
CCI (mean =+ SD) 2.56 £1.32 317 £1.34 2.29 £1.30 <0.01
Baseline CRP (mean =+ SD) 1.14 £291 1.63 £3.38 0.92 +2.13 <0.01
Baseline ESP (mean + SD) 20.37 £ 11.42 21.46 +14.10 19.86 £ 10.02 0.03

SD, standard deviation; CCI, Charlson-Deyo comorbidity index; CRP, C-reactive protein; ESR, erythrocyte

sedimentation rate; RSs, rehabilitation services.
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3.2. Comparisons of Levels of CRP and ESR in the RSs Groups Versus Non-RSs Groups

After adjusting for the variables found to be significant in the univariate analysis,
including age, cigarette smoking, weight, and baseline CCI scores, the multivariate analysis
with the GEE procedure revealed a baseline difference in the CRP score between the RSs
and the non-RSs groups (p < 0.01) (Table 2). Meanwhile, CRP levels at T1, T2, T3, T4, and
T5 were similar to those measured at TO, implying a nonsignificant maturation effect across
follow-up times. After considering the baseline differences of CRP between two groups
using the multivariate GEE model, we noted that the reduction slope in the CRP level was
still larger in the RSs group compared to the non-RSs group, regardless of the time assessed,
with T1, T2, T3, and T4, yielding a = —0.77 (T1),a = —1.25 (T2),a = —2.13 (T3), a = —3.44
(T4), and a = —3.93 (T5), respectively (Table 2 and Figure 2).

Table 2. Effects of RSs on inflammation level in the participants by GEE model.

CRP ESR
Variables Regression Regression
Coefficient * P Coefficient * P

Intercept 0.79 <0.01 9.80 <0.01
RSs vs. non-RSs 0.73 <0.01 1.56 0.04
T1vs. TO —0.15 0.07 —4.0 <0.01
T2 vs. TO —0.09 0.10 —3.83 0.02
T3 vs. TO 0.24 0.22 —1.39 0.14
T4 vs. TO 0.85 0.09 —0.89 0.49
T5vs. TO 1.08 0.06 —0.41 0.16
Interaction of T1xGroup -0.22 0.04 1.81 0.22
Interaction of T2 x Group —1.06 0.01 1.09 0.18
Interaction of T3 x Group —2.13 <0.01 0.27 0.14
Interaction of T4 x Group -3.02 <0.01 -0.11 0.08
Interaction of T5xGroup —2.72 <0.01 —0.20 0.07

RSs, rehabilitation services; TO, date of first diagnosis of RA; T1, 12 months after RA onset; T2, 18 months after
RA onset. T3, 24 months after RA onset. T4, 30 months after RA onset. T5, 36 months after RA onset. RSs vs.
non-RSs represents the baseline difference between two groups. T1 vs. T0, change between T0 and T1; T2 vs. TO,
change between T0 and T2; T3 vs. TO, change between TO and T3; T4 vs. T0, change between T0 and T4; T5 vs.
TO0, change between TO and T5. Interaction of T1x Group, difference between RSs and non-RSs groups within
the period of TO-T1; Interaction of T2 xGroup, difference between RSs and non-RSs groups within the period
of TO-T2; Interaction of T3 x Group, difference between RSs and non-RSs groups within the period of T0-T3;
Interaction of T4 x Group, difference between RSs and non-RSs groups within the period of T0-T4; and Interaction
of T5xGroup, difference between RSs and non-RSs groups within the period of TO-T5. * adjustment for age,
cigarette smoking, weight, and baseline CCI scores.
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Figure 2. CRP measure over time among patients with and without RSs use. T0, date of first diagnosis
of RA; T1, 12 months after RA onset; T2, 18 months after RA onset. T3, 24 months after RA onset; T4,
30 months after RA onset; and T5, 36 months after RA onset.
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For ESR, the GEE model reported that a baseline difference existed between the group
treated with RSs and the nontreated group, supporting estimates calculated from the
Student’s t-test. On top of that, the ESR levels at T1 and T2 were remarkably different from
those at TO, implying a maturation effect might have emerged. In other words, the mean
ESR level at T1 and T2 was significantly lower than the mean ESR at TO, even without the
RSs intervention. After corrections for baseline differences along with the maturation effect,
we found that the reduction in ESR was larger in the RSs group than the non-RSs group
during the study timeframe, although the difference did not reach statistical significance

(Table 2 and Figure 3).
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Figure 3. ESR measure over time among patients with and without RSs use. TO, date of first diagnosis
of RA; T1, 12 months after RA onset; T2, 18 months after RA onset; T3, 24 months after RA onset; T4,
30 months after RA onset; and T5, 36 months after RA onset.

After carrying out a sensitivity analysis, where only the values of ESR and CRP at
T0 and T1 among subjects were used, it was revealed that RSs use intensity was inversely
correlated with CRP level, but not for ESR (Table 3). In a nutshell, for RA subjects, the more
frequent usage of RSs was associated with a lower the CRP level after RA onset.

Table 3. Sensitivity analysis regarding the effect of RSs on inflammation properties by different usage

pattern.
CRP ESR
RSs Usage R ; R ;
Patt egression egression
attern Coefficient P Coefficient P
Non-RSs group 1 1
RSs group —0.54 <0.01 1.33 0.52
Low intensity —-0.37 0.003 1.74 0.29
High intensity —0.69 <0.01 1.26 0.08

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; RSs, rehabilitation services.

4. Discussion

RSs use has long been a frequently employed complementary approach for the man-
agement of RA. Despite this, our current understanding of the relationships between RSs
application and changes in inflammatory indicators is still lacking, and previous stud-
ies have either used small samples or have been cross-sectional in nature [9,10]. To our
knowledge, this is the first study to directly examine the relationships between RSs use and
the subsequent changes in inflammatory properties among RA persons. Over the 3-year
follow-up period, we noted that the integration of RSs to standard care did ameliorate
inflammation in RA patients, especially as measured by CRP levels. The merit of this study
is that we capitalized on empirical research using follow-up measures, which allowed us
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to deliberately clarify the potential causal relationship [20]. This provides for robust and
empirically informed guidance for healthcare providers while managing RA patients.

After fitting the GEE multivariate model on the basis of the first-order autoregressive
procedure, we found that integrating RSs into routine care substantially reduced CRP levels,
supporting previous research, which found that receiving 3-month hydrotherapy sessions
in addition to conventional treatment substantially reduced levels of reactive oxygen
species among RA patients [10]. We speculated that direct participation in the relevant
RSs programs may simultaneously provide intangible benefits as well, such as allowing
patients to socialize and share joyous moments during RSs sessions, which in turn may
reduce stress, and consequently decrease the expression of serum inflammatory mediators
like IL-6, IL-1, and tumor necrosis factor-a [11,21]. In a prior murine model with collagen-
induced arthritis, the authors observed that the rats, which were placed on a treadmill to
exercise for 15 min per day for three weeks, had markedly reduced levels of inflammatory
factors, thus improving the inflammation-related joint damage via the suppression of
NFATcland NF-éB luciferase activities [12]. It is well known that inflammatory markers are
deeply involved in the production of CRP in hepatocytes [6,7]. Since downregulated NF-éB
expression has been implicated in various inflammatory diseases [7,22], instituting several
novel RSs approaches targeting this intracellular pathway may be considered, especially in
the management of patients with rheumatic diseases.

Unlike the positive impact of RSs on CRP, our findings indicated a recognizable, yet
not statistically significant, decrease in the ESR in the RSs group. In clinical practice, these
two acute phase reactants are frequently used as markers for clinical signs and symptoms
of inflammation. We speculate that the ESR measure is more likely to be influenced by
the concentrations of fibrinogen and alpha globulins [23]. Fibrinogen is a fibrous protein
known to be a slow-reacting positive acute phase reactant [24]. Therefore, ESR is relatively
insensitive to the inflammatory process, especially for patients with systemic rheumatic
diseases and those with concomitant renal insufficiency, low albumin, and anemia [25,26].
Thus, of studies conducted thus far, CRP has been acknowledged to be a better indicator
of the acute inflammation phase, and has yielded a sensitivity of 0.86, specificity of 0.67,
and summary receiver operating characteristic curve (SROC) of 0.86, as compared with a
sensitivity of 0.77, specificity of 0.59, and SROC of 0.75 for ESR [27]. This, in a nutshell, is
the reason that a nonsignificant ESR reduction was observed for the RSs group.

Limitations

The GEE approach, an enlargement of the generalized linear model approach, can
model the correlated data via the introduction of second-order variance components. To our
knowledge, this was the first evidence-based longitudinal study to explore the association
between RSs use and changes in CRP and ESR among RA patients after fitting the GEE
procedure, thereby allowing us to clarify the magnitude of RSs effect. While considerable
efforts were made in the design of this study, there were several drawbacks related to
the sample selection process, ability to generalize findings, and research design. First
and foremost, patients from a single center were enrolled; therefore, our results may not
generalize to groups with different demographic and geographic features. Additional
research focusing on more targets should be considered in heterogeneous populations to
confirm the replicability of present findings. Second, since all analytical data were extracted
from a claims-based database, several key factors, such as lifestyle behaviors, family history,
and biochemical data, were not available. To minimize the effect of confounding during the
statistical analysis, we set objective criteria to balance differences between groups treated
or not treated with RSs via assessments of demographic and disease variables, as shown
in Table 1. In addition to utilizing multivariate analysis to control for inherent baseline
differences between patients, we further considered the potential maturation effect via
the GEE procedure, thus minimizing the probability of an inflated type I error [18]. Third,
the related RSs received during treatment were integrated in one consolidated column of
the database. In such a case, we merely abstracted the corresponding fees from this to
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ascertain the RSs exposure and were unable to clarify the specific RSs type. Future works,
through the applications of various recruitment methods in ethnically diverse populations,
are recommended. Fourth, although our study revealed a substantial beneficial association
between RSs use and a decreased CRP level among RA patients, it must be recognized that
participants were not initially randomly categorized into users and nonusers and were
recruited from a single country only. Even so, preceding the RSs intervention, we observed
that RSs subjects possessed higher levels of CCI, CRP, and ESR than did non-RSs users at
the index date (Table 1), which implies that the conclusions reported would underestimate,
rather than overestimate, the effects of RSs. That being said, a study adopting a larger
cohort of RA patients using a randomized clinical trial design is still needed to minimize
confounding by covariates not explicitly accounted for in the present design.

5. Conclusions

Faced with the dire harmful manifestations caused by inflammation, it is of impor-
tance to extend the horizons of traditional therapy procedures and explore the role of
RSs in alleviating inflammation among RA patients. The findings of the present study
suggest that integrating RSs into standard care may partially lower the subsequent systemic
inflammation response, especially in CRP levels. This benefit is sustained over a 3-year
follow-up period. Our findings support the integration of RSs into routine disease man-
agement for those with rheumatological disorders. This study not only bridges the chasm
regarding the long-term assessment of RSs usage to changes in inflammatory parameters,
but also provides an impetus for further in vivo research that focuses on the exploration
of the beneficial mechanisms of RSs in the treatment of chronic diseases. Therefore, we
recommend that healthcare providers proactively assess patients” inflammatory status and
implement this novel and safe regimen in managing RA.
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Abstract: Background and Objectives: The treatment landscape for Rheumatoid Arthritis (RA) has
evolved significantly with the introduction of Janus kinase inhibitors (JAKi), such as Tofacitinib
(TOFA), which offer a new therapeutic option for patients who have failed or are intolerant to conven-
tional synthetic disease-modifying antirheumatic drugs (csDMARDs). Safety concerns, particularly
related to cardiovascular and cancer risks, prompted a need for additional investigation in real-world
clinical settings. This study aimed to evaluate the long-term effectiveness and predictors of response
to TOFA in two subpopulations of RA patients, categorized by differing cardiovascular risk profiles.
Materials and Methods: This was a retrospective, multicenter observational study conducted as part of
the BIRRA project, involving 23 Italian rheumatological referral centers. A total of 213 patients diag-
nosed with RA and treated with TOFA were included, with data collected on baseline demographics,
clinical history, disease activity, and comorbidities. Patients were divided into high-risk and low-risk
cardiovascular groups based on age (>65 years) and the presence of at least one cardiovascular
risk factor. Disease activity was assessed at baseline, 6 months, and 12 months using DAS28-ESR
and DAS28-CRP. Treatment response was evaluated using intention-to-treat (ITT) and per-protocol
(PP) approaches. Predictors of low disease activity (LDA) and remission were assessed through
logistic regression, and clustering analyses were used to identify subgroups of patients with different
therapeutic responses. Results: The study included 213 patients, with 129 classified as high-risk. For
the overall cohort, patients achieving LDA and remission at 6 months were 20% and 12%, respectively,
for the ITT analysis, and 29% and 14% for the PP analysis. At 12 months, 26% of patients reached
LDA, and 17% achieved remission according to ITT, while for the PP analysis, these rates were
30% and 19%, respectively. No significant differences in remission or LDA rates were observed
between the high-risk and low-risk groups. In the high-risk subgroup, 17% of patients reached LDA
and 9% achieved remission at 6 months (ITT analysis), while these rates increased to 22% and 13%,
respectively, in the PP analysis. At 12 months, 22% achieved LDA and 13% achieved remission in
the ITT analysis, while 28% and 17% did so in the PP analysis. The reduction in DAS28-ESR and
DAS28-CRP scores was significant (p < 0.001) across all time points for both high-risk and low-risk
patients. Logistic regression analyses revealed that none of the baseline characteristics—including
age, sex, comorbidities, rheumatoid factor, anti-citrullinated protein antibody (ACPA) positivity,
initial disease severity, or treatment history—were significant predictors of remission or LDA at 6
or 12 months. The clustering analysis suggested that older patients, particularly those with worse
baseline DAS28 scores, tended to show a less favorable response to treatment, potentially indicating
impacts of age-related factors such as immunosenescence on therapeutic outcomes. Conclusions:
Tofacitinib demonstrated similar effectiveness in both high- and low-risk cardiovascular subgroups
of RA patients, with significant reductions in disease activity observed at both 6 and 12 months.
Despite safety concerns related to cardiovascular risk, TOFA remained an effective treatment op-
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tion across patient subgroups, with no significant differences in remission or LDA rates based on
cardiovascular risk profiles. Age appeared to negatively impact treatment response, highlighting
the role of immunosenescence in RA management. These findings support the use of TOFA as a
personalized therapeutic option for RA, emphasizing the need for careful evaluation of cardiovascular
and age-related risks in clinical decision-making.

Keywords: rheumatoid arthritis; tofacitinib; cardiovascular risk

1. Introduction

Rheumatoid arthritis (RA) is a chronic disease that belongs to the group of adult
chronic inflammatory rheumatisms that lead to a progressive disability. If left untreated,
rheumatoid arthritis can cause joint erosions and deformities that can lead to severe dis-
ability. In addition, extra-articular manifestations of RA, such as interstitial lung disease,
vasculitis, and lymphoma, can be very serious and even life-threatening. In 2019, 18 million
people worldwide were living with rheumatoid arthritis. About 70% of people living
with rheumatoid arthritis are women, and 55% are older than 55 years [1]. Treatment
options available today for RA have been greatly increased compared to the first class of
conventional synthetic disease-modifying antirheumatic drugs (csDMARDs). Therefore,
aiming for remission with the ‘treat-to-target” attitude has become realistically more achiev-
able at the present time. The most recent therapeutic option landed in clinical practice
to patients with RA are oral small-molecule Janus kinase inhibitors (JAKi). Tofacitinib
(TOFA) was the first JAKi to be approved in 2012 by the US Food and Drug Administration
(FDA) and in 2017 by the European Medicines Agency (EMA) for the treatment, with or
without methotrexate (MTX), of moderate to severe active RA in adult patients who have
inadequately responded to or cannot tolerate one or more csDMARDs [1].

TOFA, inhibiting several JAK subtypes, especially JAK3 and JAK1, acts on synovial
JAK/STAT targets through JAK-mediated IFN and IL-6 signaling pathways, thus blocking
the role of JAK in synovial responses from playing a therapeutic role in RA [2,3].

Both the European Alliance of Associations for Rheumatology (EULAR) and the
American College of Rheumatology (ACR) recommend JAKi as a second- and third-line
treatment for RA [4,5]. Randomized controlled trials (RCTs) involving JAKi for the treat-
ment of RA patients have demonstrated favorable outcomes [6]. In a series of phase Il and
phase III RCTs, the efficacy of TOFA has been extensively evaluated, demonstrating the
efficacy profile of these small-molecule oral agents, prescribed either as monotherapy or in
combination with MTX or other csDMARDs [7,8].

After the FDA approval of TOFA, concerns over a potential increased risk of serious
infections, cardiovascular events, and cancers were raised. This finding prompted the
FDA to require a post-marketing head-to-head safety trial [9] comparing the risk of major
adverse cardiovascular events and cancers in patients with RA between TOFA 5 and
10 mg twice a day, and a tumor necrosis factor inhibitor (TNFi) among adalimumab or
etanercept. Patient inclusion criteria were age > 50 years and a medical history with at
least one cardiovascular risk factor [9,10] from the ORAL Surveillance study, which in
2021 caused the FDA to require boxed warnings for TOFA to include risk information on
serious heart-related events, cancer, blood clots, and death [3]. This study identified a
high-risk and low-risk tofacitinib population with different relative risk vs TNFi. In 2023,
the study results caused restrictions by EMA on the use of most oral JAKis by specific
patient populations [11]. Thus, a posthoc analysis of ORAL Surveillance [10] allowed two
subgroups of patients to be identified: a high-risk population, including patients aged >
65 years and with at least one cardiovascular risk; and a low-risk population, including
patients younger than 65 without any risk of major adverse cardiovascular events.

Today, due to all these evolutions in the history of this drug, extensive observational
research on JAKi in RA is expanding, with particular attention to real-world clinical
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settings [12-15]. The aim of the present study is to evaluate the effectiveness and the
predictors of clinical response in a large multicenter observational retrospective cohort of
patients with RA, treated with Tofacitinib, considering the two different subpopulations,
with different relative cardiovascular risks. Thus, data concerning the efficacy of this drug,
extrapolated considering the two easily identifiable and clinically practical populations, can
further improve the individualized benefit/risk assessment and clinical decision making
regarding the treatment with TOFA.

2. Materials and Methods
2.1. Patients

As a part of the BIRRA (Blologics Retention Rate Assessment) project, this retrospec-
tive study was designed to evaluate the effectiveness of TOFA in RA patients. The study
was performed according to the Declaration of Helsinki principles, and it was approved
by the local ethics committees. Patients with confirmed diagnosis of RA who received
TOFA were enrolled from 23 Italian rheumatological referral centers. The enrollment pe-
riod extended from April 2019 to April 2023 with a maximum observation period of one
year. Clinical history, treatment history and RA disease activity at baseline were recorded.
For each patient, the following baseline data were recorded: general characteristics (age,
sex, body mass index—BMI), smoking habit, disease duration, positivity for rheumatoid
factor—RF, anti-citrullinated protein antibody -ACPA positivity, swollen and tender joint
count—SJC and TJC, ESR, CRP, patient Visual Analogue Scale, disease activity, line of treat-
ment, concomitant csDMARD use, concomitant steroids use, steroids dose (PDN-Eq), prior
bDMARD use, prior tsDMARD use, and concomitant relevant disease. Disease activity
was assessed in all patients by calculating both the DAS28-ESR and DAS28-CRP. Rele-
vant comorbidities considered included diabetes, dyslipidemia, history of major adverse
cardiovascular events (MACE), cancer, and arterial hypertension.

2.2. Statistical Analysis

Descriptive statistics of clinical and laboratory demographic characteristics were
provided as medians with interquartile range (IQR) or percentage. Response to TOFA was
assessed with an “intention to treat” (ITT) and “per protocol” (PP) analysis. The use of
ITT and PP analyses in this study on the treatment of RA patients with TOFA is valuable
for providing a comprehensive and accurate assessment of treatment efficacy. The ITT
analysis includes all patients originally enrolled in the study, regardless of whether they
completed the treatment or strictly adhered to the study protocol. This approach reflects
the effectiveness of the treatment in real-world clinical practice, where some patients may
discontinue or modify their treatment. In contrast, the PP analysis considers only those
patients who completed the treatment as per the planned protocol, offering an estimate of
the maximum efficacy of the treatment under ideal conditions. Using both analyses allows
for an evaluation of both the real-world impact of the drug on the general population and
its potential efficacy in patients with optimal adherence to the treatment.

DAS28-ESR /DAS28-CRP values at baseline, after 6 and 12 months of treatment were
compared by Wilcoxon’s test and for paired nonparametric variables.

Logistic regressions tested which of the following factors were associated with achiev-
ing remission and/or LDA at 6 months and 12 months: age, sex, body mass index, smoking
habit, duration of disease, presence of RF and/or ACPA, line of treatment, concomitant
treatment with both steroids and csDMARDs, and DAS28-ESR/DAS28-CRP at baseline.

We also analyzed a subgroup of patients (high-risk group) who had at least one
relevant comorbidity /risk factor among those considered by EMA (Table 1), including
diabetes, dyslipidemia, hypertension, history or family history of coronary heart disease,
history of venous thromboembolism, or history of cancer. The study was designed to focus
on the extrapolation of data related to the high-cardiovascular-risk population, defined
by the presence of at least one cardiovascular risk factor or age > 65 years. While data
from the overall group were used as a broader reference context, the primary aim was to
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specifically evaluate the characteristics and therapeutic response of this subgroup, without

direct comparison to the low-risk population.

Table 1. Risks of major adverse cardiovascular events considered by EMA’s Pharmacovigilance Risk

Assessment Committee (PRAC) [11].

Aged 65 years or older

Long-term smokers or former smokers
History of hypertension

History of coronary heart disease

Dyslipidemia

History of diabetes mellitus

History of venous thromboembolism
History of cancer

Family history of coronary heart disease

We used logistic regression to identify predictor variables of low disease activity
and/or remission and clustering analysis to identify potential subgroups of patients with

characteristics that influence therapeutic response.

All tests performed were two-tailed, and the significance level was set at 0.05 (with a

95% confidence interval).

3. Results

A total of 213 patients were included in the study. Their baseline characteristics are

shown in Table 2.

Table 2. Baseline characteristics split between the overall patient population and high-risk patients.

Characteristics Overall Group High-Risk Group
N 213 129
M:F n (%) 39 (18.3):174 (81.7) 12 (9.3):117 (90.7)
Age, median [IQR] yrs 60 [51-82] * 72 [61-86] *

Yes 42 (19.7) 23 (17.8)
Smokers, n (%) Former 44 (20.6) 22 (17.1)

No 127 (66.3) 84 (65.1)

Body mass index, median [IQR] kg/ m?

24.8 [22.0-42.7]

24.3 [21.0-39.7]

Disease duration, median [IQR], months

123 [78-532]

158 [82-402]

RF positivity, n (%) 140 (65.7) 81 (62.7)
ACPA positivity, n (%) 131 (61.5) 80 (62)

SJC, median [IQR] 6 [4-26] 5 [4-27]

TJC, median [IQR] 4 [2-22] 4 [2-24]

ESR, median [IQR], mm/h 32 [19.5-98] 36 [21-75]
CRP, median [IQR], mg/dL 1.4 [0.5-19] 1.9 [0.6-20]
VAS patient (0-100), median [IQR] 70 [50-100] 65 [45-100]
DAS28 (ESR), median [IQR] 5.3 [4.2-7.0] 5.6 [2.8-7.2]
DAS28 (CRP), median [IQR] 5.3 [3.6-6.6] * 5.0 [2.3-6.9] *
Line of treatment, [IQR] 2 [1-9] 2 [1-8]
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Table 2. Cont.

Characteristics Overall Group High-Risk Group
MTX 54 (25.3) 12 (19.4)
. o LEN 4 (1.9) 3(4.8)
Concomitant csDMARD use, n (%) sS7 2(09) 0(0.9)
HCQ 10 (4.7) 3 (4.8)
Concomitant steroids use, n (%) 104 (48.8) 56 (43.4)
Steroids dose (PDN-Eq), median, mg/die 4 [5-25] 4 [5-25]
TNFi 110 (50.2) 63 (48.9)
1L6i 50 (23.5) 31 (24.0)
Prior bDMARD use, n (%) IL1i 3(1.4) 1(0.8)
CD20i 16 (7.5) 11 (8.5)
CD80i 34 (16.0) 23 (17.8)
Prior tsDMARD use, n (%) 60 (28.2) 46 (35.6)
JAKi-naive, n (%) 58 (27.2) 16 (12.4)
Diabetes 12 (5.6) 6(9.7)
Hypercholesterolemia 39 (18.3) 16 (25.8)
Concomitant relevant disease, n (%) MACE 9 (4.2) 6 (9.7)
Arterial hypertension 61 (28.6) 19 (30.6)

Cancer 11 (5.1) 3(4.8)

RF, theumatoid factor; ACPA, anti-citrullinated protein antibodies; SJC, swollen joints count; TJC, tender joints
count; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein, VAS, visual analogic scale; DAS28, disease ac-
tivity score 28; csDMARD, conventional synthetic modified antirheumatic drugs; PDN-Eq, prednisone equivalent;
bDMARD, biological modified antirheumatic drugs; tsSDMARD, targeted synthetic modified antirheumatic drugs;
TNFi, TNF inhibitors; IL-6i, IL-6 inhibitors; IL-1i, IL-1 inhibitors; CD20i, CD20 inhibitors; CD80i, CD80inhibitors;
MACE, major adverse cardiovascular events. * significant difference.

Patients in LDA and in remission at 6 months were 20% and 12%, respectively, for the
ITT analysis and 29% and 14%, respectively, for the PP analysis (Figure 1). Patients with
LDA and in remission at 12 months were 26% and 17%, respectively, for the ITT analysis
and 30% and 19%, respectively, for the PP analysis (Figure 1). There was no significant
difference between the two analysis groups.

120 120

100 100

80 80

60 60

40 40
17

20 20
26

0 0
T T2 T T2

sPPLDA sPPREM =PP HM Activity s[TTLDA =[TTREM =TT H/M Activity

Figure 1. Patients achieving remission (REM), low disease activity (LDA), high/moderate (H/M)
disease activity (Percentage) at T1 (6 months) and T2 (12 months). Intention to treat (ITT) and per
protocol (PP) analysis.

The analysis of the population considered at risk (129 patients; Table 2) according to the
factors highlighted by EMA (Table 1) did not highlight substantial differences compared
to overall patients, except for age (p: 0.000) and DAS28CRP (p: 0.000). No significant
differences emerged either in terms of remission rate or in LDA.

Patients considered at high risk in LDA and in remission at 6 months were 17% and
9%, respectively, for the ITT analysis and 22% and 13%, respectively, for the PP analysis
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(Figure 2). Patients considered at high risk in LDA and in remission at 12 months were
22% and 13%, respectively, for the ITT analysis and 28% and 17%, respectively, for the PP
analysis (Figure 3). There was no significant difference between the two analysis groups.

e 120
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“ 17 40
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=PP HighRisk LDA  =PP HighRisk REM = PP High Risk H/M Activity ulTT HighRisk LDA = ITT HighRisk REM = ITT HighRisk HM Activity

Figure 2. High-risk patients achieving remission (REM), low disease activity (LDA), high/moderate
(H/M) disease activity (Percentage) at T1 (6 months) and T2 (12 months). Intention to treat (ITT) and
per protocol (PP) analysis.
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Figure 3. Comparison of the DAS28 ESR and DAS28 CRP trend between a group of high-risk patients
(according to EMA) and overall at TO (baseline), T1 (6 months) and T2 (12 months).

In the overall group, a significant reduction (p < 0.001) was observed in DAS28-ESR
and DAS28-CRP (DAS28-ESR ATO-T1: 2.3; ATO-T2: 2.6 and DAS28-CRP AT0-T1: 2.5;
ATO0-T2: 2.7) at both time points (T1 and T2) (Figure 3).

Similarly, in the high-risk group, a significant reduction (p < 0.001) was observed
in DAS28-ESR and DAS28-CRP (DAS28-ESR AT0-T1: 1.9; ATO-T2: 2.2 and DAS28-CRP
ATO0-T1: 2.1; AT0-T2: 2.6) at both time points (T1 and T2) (Figure 3).

Logistic regressions showed no predictors of remission or LDA at 6 months or
12 months. In particular, sex, age, seropositivity, presence of comorbidities, initial ESR and
CRP values, line of therapy, association with csDMARDs and/or steroids did not show any
significant correlation.
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The clustering analysis highlighted the presence of a small group of patients, markedly
older, who tend to have a worse DAS28 trend than the remainder of younger patients. In
this group of patients, age is the variable that has the greatest impact on the improvement
of the DAS28 among the patients in the cluster (p = 0.023). The other variables do not show
a significant impact. Age is therefore moderately negatively correlated with improvement
in DAS28. The results also highlighted that older patients tend to have a longer disease
duration, but the data do not correlate with the number of treatment failures (p > 0.05).
Thus, the duration of the disease does not seem to reflect (or in any case itself alone) a
prolonged lack of therapeutic response over time.

However, the presence of multicollinearity and the limited number of observations
suggest the need for additional data to obtain more robust results.

4. Discussion

In this study, a significant reduction in disease activity, assessed with DAS28-ESR and
DAS28-CRP, was reported both at 6 and 12 months in RA patients after the start of therapy
with TOFA.

The analysis of the subpopulation considered at higher risk according to the factors
highlighted by EMA did not highlight substantial differences compared to the low-risk
population, neither in terms of difference in reaching LDA nor in remission rate according
to other data in the literature referring to other JAK inhibitors such as baricitinib [16].

None among the predictor factors assessed in this study (sex, age, seropositivity,
presence of comorbidities, initial ESR and CRP values, line of therapy, association with
csDMARDs and/or steroids), has shown a correlation with remission or LDA rates at
6 months or 12 months, in any of the two relative-risk subpopulations.

If a careful evaluation of cardiovascular risk is essential with regards to safety of TOFA,
this humble study seems to bear witness to how this evaluation may not be equally valid
for the evaluation of the effectiveness of the drug, since it resulted in a valid therapeutic
option in both risk subgroups of the population examined.

To date, following the increasing attention to cardiovascular risk profiling with
JAKi therapy, there are growing studies concerning many different safety aspects of the
drugs [17-19].

Not so frequent are studies which, considering the profiling of cardiovascular risk and
the clinical division into high- or low-risk subgroups, verify the possible differential rates
of effectiveness.

We considered worthy of reflection a result highlighted by the clustering analysis,
whereby a small group of patients with a worse DAS28 trend correlates with older age.
Contextually, all the other variables do not show a significant impact. The presence of
multicollinearity and the limited number of observations do not justify considering this
data as having a strong scientific meaning; in any case, these results lead us to some
reflections and insights.

Over the last decade, evidence has accumulated that, with progressive age, the im-
mune system and the propensity for abnormal immunity change fundamentally, thus
increasing the risk of infection, cancer and immune-mediated tissue damage. Senescence-
related changes in innate and adaptive immune responses observed in healthy adults
> 50 years of age are found to be anticipated and accelerated in chronic inflammatory
conditions [20,21]. RA has been considered a model of premature senescence because, as
the disease progresses, there is a higher prevalence of age-related diseases.

Senescent immune cells acquire the “senescence-associated secretory phenotype”
which promotes and sustains tissue inflammation and is defective in balancing cytoplasmic
kinase and phosphatase activities, changing their activation thresholds, weakening DNA
repair and compromising the telomeric maintenance [22,23]. More than just epiphonema,
in RA populations, these changes have been implicated in poor disease outcomes: they
may contribute to the aggravation of both articular and extra-articular manifestations and
may implicate a reduced response to standard treatments [24-26].
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This study has some limitations that should be considered when interpreting the
results. The retrospective observational design may introduce selection bias and limit
the ability to establish direct causal relationships between treatment and outcomes. Data
collection from multiple centers could lead to some heterogeneity in patient management.
Finally, the relatively limited number of patients may reduce the statistical power of
certain analyses, necessitating further prospective studies to confirm and expand upon the
observed results.

5. Conclusions

In conclusion, the rheumatological population, as well as the global one, has been ex-
periencing an aging trend. Results like those of the present study, by which the effectiveness
of a drug seems to negatively correlate with age, lead us to imagine a deep interconnection
between systemic inflammation, immunosenescence and age-related disease, worthy of
consideration in those RA patients difficult to treat.
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Abstract: Background/Objectives: Systemic lupus erythematosus (SLE) is an autoimmune disease
characterized by the abnormal activation of autoreactive T and B cells, autoantibody production,
complement activation, and immune-complex deposition, resulting in tissue damage. However,
data on immunologic disturbances in SLE, particularly regarding flares, are scarce. Methods: We
investigated 35 patients with SLE: 12 (34.3%) with disease exacerbation (SLE disease activity index
[SLEDAI] > 5 points) and 23 (65.7%) in remission (SLEDAI < 5 points). All patients met the 2019
EULAR/ACR SLE criteria. Flow cytometry was used to identify B cell subsets, including memory
B cells. Results: In the whole patient group, SLEDAI was positively related to the percentage
of transitional/regulatory B cells (r = 0.38, p = 0.034). Some lymphocyte subsets correlated with
complement levels, e.g., the percentage of naive and memory B cells showed associations with C3¢
complement (r = 0.43, p = 0.018 and r = —0.45, p = 0.016, respectively). Furthermore, regarding
inflammatory markers, we found associations between C-reactive protein and the percentage of
plasmablasts (r = 0.40, p = 0.026) and plasmocytes (r = 0.44, p = 0.017). Finally, the percentage of
plasmablasts correlated with SLE duration (r = 0.42, p = 0.016). In the follow-up analysis, during a
median observation of 5 years, 5 out of the initially 23 inactive SLE patients developed a disease flare.
They were characterized by longer disease duration stated in the beginning compared to patients
who remained in remission (p = 0.019). Conclusions: Our study highlights significant associations
between various B cell subsets and SLE disease activity. A more personalized approach to indicate
patients with SLE at a higher risk of lupus flares is crucial for better management.

Keywords: systemic lupus erythematosus; lupus nephritis; lymphocytes; CD19+ cells; B cells

1. Introduction

Systemic lupus erythematosus (SLE) is a multifaceted autoimmune disease charac-
terized by the dysregulation of the immune system, leading to widespread inflammation
and tissue damage across various organs [1]. This condition predominantly affects women,
particularly those of childbearing age, and presents with a broad spectrum of clinical
manifestations, ranging from mild symptoms such as fatigue and joint pain to severe
organ involvement, including nephritis and central nervous system disorders [2,3]. The
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complexity of SLE stems from its underlying pathophysiology, which involves an aberrant
activation of innate and adaptive immune responses [4]. Interestingly, a hallmark of SLE is
the presence of autoantibodies that target a variety of nuclear and cytoplasmic antigens,
resulting in the formation of immune complexes [5]. These complexes can deposit in
tissues, activating the complement system and leading to inflammatory cascades that cause
organ damage [6]. Central to the pathogenesis of SLE are autoreactive T and B cells, which
play crucial roles in the sustained autoimmune response and production of pathogenic
autoantibodies [7]. Despite significant advances in understanding the immunological dis-
turbances in SLE, there are still gaps in knowledge regarding the specific immune profiles
and biomarkers associated with disease flares [8]. Indeed, flares in SLE are episodes of
increased disease activity that can significantly impact a patient’s quality of life and may
lead to permanent organ damage if not adequately managed [9]. Identifying biomarkers
and immune cell subsets that correlate with disease activity could enhance our ability to
predict, monitor, and treat exacerbations effectively.

Emerging data indicate that B cell subsets may be essential for SLE pathophysiology,
including exacerbation rate [10]. Plasmablasts and plasmocytes are involved in producing
autoantibodies and regulating immune responses [11,12]. In turn, the B cell memory
compartment in lupus nephritis (LN) is deficient in non-switched memory (NSM) cells.
Next, during active disease, it becomes further skewed by the expansion of switched
memory (SM) and exhausted memory phenotypes, most likely due to chronic antigenic
stimulation [13]. In this context, regulatory B cells (B-regs) play a crucial role in modulating
immune responses and maintaining tolerance. This is especially important in LN, where
excessive immune activation can damage kidneys [14]. While interleukin (IL)-10 production
is the most well-studied mechanism of B cell immune regulation, other IL-10-independent
mechanisms have also been suggested [15]. Understanding how these lymphocyte subsets
fluctuate during remission and exacerbation can provide valuable insights into the disease
mechanism and potential therapeutic targets.

Evidence on immunologic disturbances in SLE regarding flares is still scarce. Therefore,
in this study, we elucidated the changes within circulating B lymphocyte subsets in patients
with SLE, particularly focusing on those experiencing disease exacerbation. Repeated flares
can contribute to cumulative tissue damage over time, increasing the risk of long-term
complications like chronic kidney disease and cardiovascular events [16]. By comparing the
immune profiles of patients in remission and during flares, we hope to identify potentially
useful immunologic biomarkers that correlate with disease activity and could serve as
indicators for monitoring and managing SLE.

2. Patients and Methods
2.1. Characteristics of the Patients

This observational longitudinal study included 35 patients with SLE diagnosed
according to the European League Against Rheumatism and the American College of
Rheumatology (EULAR/ACR) criteria from 2019 [17]. We collected data about sex, present
age, age at SLE onset, and disease duration. Blood samples were collected from all patients
for B cell subset analysis.

The evaluation of LN was extended with a histologic type of nephropathy, classified
according to the International Society of Nephrology/Renal Pathology Society (ISN/RPS)
system (if kidney biopsy was performed) and numbers of LN exacerbations [18,19]. Renal
biopsies were performed in 9 cases, representing 56.3% of LN patients. In 7 patients, renal
biopsy was not performed due to lack of patient consent and/or medical contraindications.
Patients with SLE were not previously treated with biological agents targeting B cells
(e.g., rituximab, belimumab, and anifrolumab). We registered the current systemic gluco-
corticosteroids (GCS) dose and the cumulative cyclophosphamide (CTX) dose based on
the clinical record. Importantly, patients were not treated with CTX 6 months preceding
lymphocyte phenotyping. Disease activity was evaluated by the SLE disease activity index
(SLEDAI) with renal SLEDAI (rSLEDAI) [20,21].
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The Bioethics Committee of the Jagiellonian University Medical College approved the
research (No: 1072.6120.34.2018, on 23 February 2018). All procedures adhered to the ethical
principles outlined in the Declaration of Helsinki. Additionally, every individual received
detailed information about the study’s methods and safety procedures and provided
written informed consent to participate in the research.

2.2. Laboratory Analysis

We collected laboratory data, including hematological, renal, and immunological
parameters. Complete blood count (CBC), C-reactive protein, creatinine with estimated
glomerular filtration rate (eGFR, using Modification of Diet in Renal Disease formula) [22],
24 h urine protein excretion, and urinary sediment analysis were measured using routine
laboratory techniques. Anti-nuclear antibodies (ANAs) were evaluated by indirect im-
munofluorescence (IIF). Anti-double-stranded DNA (anti-dsDNA) antibodies were assayed
by IIF on Critidia lucilize and by enzyme-linked immunosorbent assay (ELISA, EUROIM-
MUN, Liibeck, Germany). Serum complement levels (C3c and C4) were assessed using
laser nephelometry.

2.3. Flow Cytometry

Aliquots of EDTA anticoagulated blood were stained with a mixture of monoclonal anti-
bodies (all from BD Biosciences, Franklin Lakes, NJ, USA) for the detection of CD19+ B cells
(anti-CD45, CD3, CD19, CD24, CD27, CD38, CD138, IgD; gating strategy shown in Figure 1). The
samples were fixed with FACS lysing solution (BD Biosciences), washed, and analyzed in a
FACS Canto II flow cytometer (BD Biosciences). Based on the differential expression of sur-
face markers, the following B cell (CD19+) subsets were identified: transitional/regulatory
(CD24+ CD38+) (B-trans/reg), naive (IgD+ CD27—), non-switched memory (NSM, CD27+ IgD+),
switched memory (SM, IgD— CD27+ CD38low), plasmablasts (CD38++ CD27++ CD24—
CD138—), plasmocytes (CD38++ CD27++ CD24— CD138+), and double-negative B cells
(IgD— CD27—) [13,23-26].

2.4. Statistical Elaboration

The results were analyzed using STATISTICA Tibco 13.3 software (StatSoft Inc., Tulsa,
OK, USA). Categorical variables were presented as frequencies (number of cases) with
relative frequencies (percentages) and compared using the Chi? test or the exact Fisher
test, as appropriate. The normality of data distribution was evaluated by the Shapiro-Wilk
test. All continuous variables were non-normally distributed and, thus, were presented as
medians with Q1-Q3 ranges and compared using the Mann—Whitney test. A Pearson cor-
relation coefficient or a Spearman rank correlation test was used to analyze the associations
between continuous variables. The level of statistical significance was « < 0.05.
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Figure 1. Flow cytometry staining of B cell subsets. (a) Schematic diagram showing the flow cytometry
(FC) gating strategy used to identify major B cell subsets. Samples of peripheral blood mononuclear
cells (PMBCs) were stained with pre-mixed antibodies (CD19-PerCP/Cy5.5, CD38-APC, CD27-PE,
CD24-PE/Cy?7, IgD-V450, CD21-FITC), and analyzed in FC (>10% events in B cell gate recorded).
(b,c) Representative dot plots showing gates and analysis flowchart. (b) CD19+ singlets (RO + R1, only
FSC-A /W gate shown) were first analyzed to distinguish the CD38++ CD27++ subset of plasma cells
and plasmablasts (R4 region). (c) The remaining non-plasma cells were gated (R3) to identify naive
B- B cells, non-switched memory (NSM) B cells, and switched-memory (SM) B cells. Transitional
B cells (TrB)/regulatory B cells (Breg) were identified as CD38++ CD24++ using an oblique gate
(R8). TrB cells showed the following phenotype: CD19+ CD38++ CD24++ CD27— IgD(low/+)
CD21(low/+). (d) An additional sample (stained with CD19-PerCP/Cy5.5, CD38-FITC, CD27-PE,
CD138-PE/Cy7, IgD-V450, and IgM-APC) was used to distinguish between plasmablasts (CD138—)
and plasma cells (CD138+). These two subsets were CD27++ and were negative for membrane IgD
and IgM.
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3. Results
3.1. Clinical Characteristics

This study included 12 (34.3%) patients with SLE with disease exacerbation (SLEDAI >
5 points) and 23 (65.7%) patients with SLE in remission (SLEDAI < 5 points). There was no
difference in age, sex, age of disease onset, and duration between active and inactive SLE
patients (Table 1).

Table 1. Demographic and clinical characteristics of active and inactive systemic lupus erythematosus patients.

Parameter Active SLE Patients Inactive SLE Patients p-Value
n=12 n=23
Demographic characteristics
Age at study enrolment, years 46.0 (36.5-50.5) 59.0 (41.0-65.0) 0.07
Sex, female, n (%) 11 (91.7%) 18 (78.3%) 0.64
Age at the SLE onset, years 24.0 (18.3-34.8) 31.0 (22.0-39.0) 0.26
SLE duration, years 16.5 (6.0-25.8) 20.0 (15.0-26.0) 0.26
Symptoms ever stated
Skin, n (%) 9 (75.0%) 18 (78.3%) 1.00
Oral or nasopharyngeal ulcerations, n (%) 1 (8.3%) 4 (17.3%) 0.64
Photosensitivity, n (%) 7 (58.3%) 9 (39.1%) 0.28
Joints, n (%) 10 (83.3%) 20 (87.0%) 1.00
Serositis, n (%) 3 (25.0%) 2 (8.7%) 0.31
Renal, n (%) 6 (50.0%) 10 (43.5%) 0.71
Neurologic, n (%) 0 (0.0%) 3 (13.0%) 0.54
Hematologic, n (%) 11 (91.7%) 21 (91.3%) 1.00
Symptoms at the study enrolment
Skin, n (%) 5 (41.7%) 2 (8.7%) 0.033
Joints, n (%) 6 (50.0%) 0 (0.0%) <0.001
Serositis, n (%) 1 (8.3%) 0 (0.0%) 0.34
Renal, n (%) 5 (41.7%) 0 (0.0%) 0.002
Neurologic, n (%) 0 (0.0%) 0 (0.0%) NA
Hematologic, n (%) 6 (50.0%) 4 (17.3%) 0.06
Clinical characteristics

SLEDAI, score 12.0 (8.5-15.5) 2.0 (0.0-2.0) <0.001
rSLEDALI score 2.0 (0.0-12.0) 0.0 (0.0-0.0) 0.016
ANAs, titer 1:20,480 (1:2560-1:20,480) 1:2560 (1:160-1:20,480) 0.002
Anti-dsDNA antibodies, titer 1:80 (<1:10-1:5120) <1:10 (<1:10-1:320) 0.037
Proteinuria, g/day 0.41 (0.10-1.66) 0.11 (0.08-0.14) 0.007
Creatinine, pmol/L 58.5 (51.0-89.0) 61.0 (56.0-83.0) 0.69
eGFR, mL/min/1.73 m? 103.5 (65.3-121.5) 97.0 (82.0-107.0) 0.42
C3c, mg/dL 0.77 (0.51-1.01) 0.96 (0.82-1.20) 0.013
C4, mg/dL 0.08 (0.07-0.16) 0.17 (0.13-0.21) 0.003
C-reactive protein, mg/L 3.0 (1.4-16.0) 1.2 (1.0-3.3) 0.06
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Table 1. Cont.

Active SLE Patients

Inactive SLE Patients

Parameter n=12 n=23 p-Value
White blood cells, 10%/uL 4.9 (3.2-6.9) 5.5 (3.6-8.8) 0.29
Lymphocytes, 10%/uL 1.0 (0.5-1.6) 1.2 (0.9-1.7) 0.23
Neutrophils, 103 /uL 3.3(1.9-5.3) 4.1 (2.3-6.6) 0.46
Platelets, 103/ pL 241 (145-280) 246 (214-296) 0.40
Current systemic GCS, mg/day 0.0 (0.0-5.5) 0.0 (0.0-4.0) 0.55
Cumulative CTX dose, g 4.0 (0.0-26.5) 0.0 (0.0-9.0) 0.38

Categorical variables are presented as numbers with percentages. Continuous variables as median with
Q1-Q3 ranges (medians with min-max ranges in case of ANAs and anti-dsDNA titers). Statistically significant differences
are marked in bold. Abbreviations: ANAs—anti-nuclear antibodies, C3c—complement component 3¢, C4—complement
component 4, CTX—cyclophosphamide, eGFR—estimated Glomerular Filtration Rate, GCS—glucocorticosteroids (re-
counted for methylprednisolone), NA—not applicable, n—number, rSLEDAI—renal SLEDAI, SLE—systemic lupus

erythematosus, SLEDAI—SLE disease activity index.

Overall, the most frequent clinical SLE manifestations included hematological signs
(n = 32, 91.4%), joint inflammation (n = 30, 85.7%), skin changes (n = 27, 77.1%), and
photosensitivity (n = 16, 45.71%). In turn, serositis (n = 5, 14.3%), oral or nasopharyngeal
ulcerations (n = 5, 14.3%), and nervous system involvement (n = 3, 8.6%) were much less
common. Furthermore, all recruited patients had ANA titer > 1:160, with anti-dsDNA
antibodies being the most prevalent (n = 27, 77.1%). Regarding clinical parameters, we
noticed higher SLEDAI and rSLEDAI scores with elevated ANA titer in the group of active
SLE patients. Also, the active SLE patients had decreased concentrations of C3c and C4
complement components. Interestingly, at enrolment, we noticed more frequent renal
manifestations and skin and joint involvement in the active group (Table 1).

LN was confirmed in 16 (45.1%) patients with SLE, of which in 5 (31.3%) cases, renal
flare was diagnosed at the time of enrolment into the study. Overall, in LN patients,
the most common histological type according to the ISN/RPS classification was class III,
identified in 4 cases (44.4%), followed by classes IV (n = 3, 33.3%) and V (n =2, 22.2%).

Only one patient was taking methylprednisolone > 8 mg/day (16 mg/day). Fourteen
patients with SLE were previously (>6 months before blood sample) treated with CTX with
a mean summary dose of 8.61 g. With the exception of hydroxychloroquine, none of the
patients were taking other immunosuppressive drugs at the time of enrolment.

3.2. B Lymphocyte Subset Analysis in Active and Inactive Systemic Lupus Erythematosus Patients

Surprisingly, the analysis of B cell subset numbers and percentages revealed no sig-
nificant differences between the active and inactive SLE groups (Table 2). In particular,
the numbers and percentages of B-trans/reg cells were comparable between the analyzed
subgroups (p > 0.05, both).

Table 2. B lymphocyte subset analysis in active and inactive systemic lupus erythematosus patients.

Active SLE Patients Inactive SLE Patients

Parameter n=12 n=23 p-Value
CD19+, % of lymphocytes 7.9 (5.6-17.5) 5.6 (3.6-10.0) 0.09
Naive, % of B lymphocytes 60.5 (45.1-77.3) 72.7 (53.9-84.7) 0.37
SM, % of B lymphocytes 14.1 (6.2-31.4) 13.4 (5.9-24.6) 0.87
NSM, % of B lymphocytes 8.7 (3.3-10.4) 7.1 (3.4-10.5) 0.87
DN, % of B lymphocytes 5.0 (1.4-9.6) 2.7 (14-5.3) 0.46
Plasmocytes, % of B lymphocytes 0.6 (0.1-1.7) 0.4 (0.2-0.7) 0.70
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Table 2. Cont.

Active SLE Patients Inactive SLE Patients

Parameter n=12 n=23 p-Value
Plasmablasts, % of B lymphocytes 1.3 (0.5-3.7) 1.2 (0.5-3.3) 0.73
B-trans/reg, % of B lymphocytes 3.8 (2.1-5.0) 2.2 (0.7-3.6) 0.10
B cells per uL.
CD19+, cells/uL 91.6 (35.9-176.4) 88.5 (41.6-145.0) 0.87
Naive, cells/uL 39.9 (14.6-126.4) 53.2 (17.3-120.3) 0.79
SM, cells/uL 11.7 (7.4-26.9) 11.6 (5.2-18.2) 0.71
NSM, cells/uL 6.1 (3.0-8.3) 5.7 (1.8-9.3) 0.68
DN, cells/uL 3.5(1.6-4.8) 2.2 (0.8-3.7) 0.24
Plasmocytes, cells/pL 0.5 (0.2-0.8) 0.2 (0.1-0.6) 0.29
Plasmablasts, cells/uL 1.3 (0.4-2.0) 0.7 (0.4-2.0) 0.55
B-trans/reg, cells/puL 3.8 (0.9-5.2) 1.7 (0.3-4.9) 0.40

Continuous variables are presented as medians with Q1-Q3 ranges. Abbreviations: B trans/reg—transitional /regulatory
B cells, CD—cluster of differentiation, DN—double negative, n—number, NSM—non-switched memory, SLE—systemic
lupus erythematosus, SM—switched memory.

3.3. Detailed Characteristics of Active Systemic Lupus Erythematosus Patients

We divided active SLE patients into two subgroups, with renal flare (n = 5) and other
than renal flare (n = 7), and compared them using clinical and laboratory parameters (Table 3).
Demographic characteristics were similar in both subgroups. As expected, we noticed a
higher prevalence of renal symptoms with higher SLEDAI and rSLEDAI scores in the renal
flare subgroup. Nevertheless, there were no differences in the numbers and percentages of B
lymphocyte subsets between the analyzed subgroups (Supplementary Table S1).

Table 3. Demographic and clinical characteristics of active systemic lupus erythematosus patients
with renal flare and other than renal flare.

Active SLE Patients Active SLE Patients

Parameter with Renal Flare Other Than Renal Flare p-Value
n=5 n=7
Demographic characteristics
Age, years 42.0 (30.0-50.0) 48.0 (36.0-59.0) 0.53
Sex, female, n (%) 5 (100.0%) 6 (85.7%) 1.00
Age at the SLE onset, years 26.0 (19.5-32.5) 22.0 (18.0-44.0) 0.88

SLE duration, years 17.0 (6.0-21.5) 16.0 (5.0-36.0) 0.76
Symptoms ever stated
Skin, n (%) 3 (60.0%) 6 (85.7%) 0.52
Oral or nasopharyngeal ulcerations, n (%) 0 (0.0%) 1(14.3%) 1.00
Photosensitivity, n (%) 3 (60.0%) 4 (57.1%) 1.00
Joints, n (%) 3 (60.0%) 7 (100.0%) 0.15
Serositis, n (%) 2 (40.0%) 1(14.3%) 0.52
Renal, n (%) 5 (100.0%) 1(14.3%) 0.015
Neurologic, n (%) 0 (0.0%) 0 (0.0%) NA
Hematologic, n (%) 4 (80.0%) 7 (100.0%) 0.42
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Table 3. Cont.

Active SLE Patients Active SLE Patients
Parameter with Renal Flare Other Than Renal Flare p-Value
n=>5 n="7

Symptoms at the study enrolment

Skin, n (%) 1 (20.0%) 4 (57.1%) 0.29
Joints, n (%) 1 (20.0%) 5 (71.4%) 0.24
Serositis, n (%) 1 (20.0%) 0 (0.0%) 0.42
Renal, n (%) 5 (100.0%) 0 (0.0%) 0.001
Neurologic, n (%) 0 (0.0%) 0 (0.0%) NA
Hematologic, n (%) 4 (80.0%) 2 (28.6%) 0.24
Clinical characteristics
SLEDALI, score 16.0 (12.5-22.5) 10.0 (6.0-12.0) 0.010
rSLEDALI, score 12.0 (10.0-14.0) 0.0 (0.0-0.0) 0.003
ANAs, titer 1:5120 (1:2560-1:20,480) 1:20,480 (1:2560-1:20,480) 0.11
Anti-dsDNA antibodies, titer 1:1280 (<1:10-1:5120) 1:20 (<1:10-1:5120) 0.43
Proteinuria, g/day 1.79 (1.10-7.32) 0.14 (0.08-0.34) 0.003
Creatinine, pmol/L 93.0 (47.5-206.5) 57.0 (54.0-72.0) 0.43
eGFR, mL/min/1.73 m? 59.0 (26.0-134.5) 105.0 (100.0-111.0) 0.53
C3c, mg/dL 0.80 (0.42-1.02) 0.74 (0.50-1.06) 0.88
C4, mg/dL 0.11 (0.06-0.17) 0.08 (0.07-0.17) 0.88
C-reactive protein, mg/L 2.1 (1.1-26.1) 5.2 (2.2-18.8) 0.53
White blood cells, 103 /L 4.7 (2.6-7.9) 5.0 (4.4-6.3) 0.76
Lymphocytes, 103 /uL 0.9 (0.6-2.1) 1.0 (0.4-1.6) 0.88
Neutrophils, 103/l 3.1 (1.4-5.8) 3.4 (2.3-5.3) 0.53
Platelets, 103 /uL 242 (193-297) 204 (129-260) 0.43
Current systemic GCS, mg/day 0.0 (0.0-2.0) 4.0 (0.0-8.0) 0.20
Cumulative CTX dose, g 10.0 (0.0-35.8) 0.0 (0.0-10.0) 0.43

Categorical variables are presented as numbers with percentages. Continuous variables as medians with
Q1-Q3 ranges (medians with min-max ranges in ANAs and anti-dsDNA titers). Statistically significant dif-
ferences are marked in bold. Abbreviations: ANAs—anti-nuclear antibodies, C3c—complement component
3¢, C4—complement component 4, CTX—cyclophosphamide, eGFR—estimated Glomerular Filtration Rate,
GCS—glucocorticosteroids (recounted for methylprednisolone), NA—not applicable, n—number, rSLEDAI—renal
SLEDAI, SLE—systemic lupus erythematosus, SLEDAI—SLE disease activity index.

3.4. Detailed Characteristics of Non-Active Systemic Lupus Erythematosus Patients

Next, we divided remissive SLE patients into two subgroups: patients with renal
remission (n = 10) and patients in remission with never-diagnosed LN (n = 13) and also
compared clinical and laboratory parameters (Table 4). SLEDAI and rSLEDAI scores
were comparable between both groups. Inactive systemic lupus erythematosus patients
with remission and LN versus remission without LN also did not differ in numbers and
percentages of B lymphocyte subsets (Supplementary Table 52).
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Table 4. Demographic and clinical characteristics of inactive systemic lupus erythematosus patients
with remission and lupus nephritis versus remission without lupus nephritis.

Inactive SLE Patients
with Remission Without

Inactive SLE Patients
with Remission and Lupus

Parameter Nephritis Lupus Nephritis p-Value
n=10 n=13
Demographic characteristics
Age, years 445 (36.8-66.0) 61.0 (49.5-66.0) 0.19
Sex, female, n (%) 7 (70.0%) 11 (84.6%) 0.62
Age at the SLE onset, years 24.5 (20.0-32.5) 36.0 (22.5-42.0) 0.26
SLE duration, years 16.5 (9.3-28.0) 23.0 (18.0-33.0) 0.23
Symptoms ever stated
Skin, n (%) 7 (70.0%) 11 (84.6%) 0.62
Oral or nasopharyngeal ulcerations, n (%) 2 (20.0%) 2 (15.4%) 1.00
Photosensitivity, n (%) 4 (40.0%) 5 (38.3%) 1.00
Joints. n (%) 9 (90.0%) 11 (84.6%) 1.00
Serositis, n (%) 1 (10.0%) 1(7.7%) 1.00
Renal, n (%) 10 (100.0%) 0 (0.0%) <0.001
Neurologic, n (%) 2 (20.0%) 1(7.7%) 0.56
Hematologic, n (%) 10 (100.0%) 11 (84.6%) 0.49
Symptoms at the study enrolment
Skin, n (%) 1 (10.0%) 1(7.7%) 1.00
Joints, n (%) 0 (0.0%) 0 (0.0%) NA
Serositis, n (%) 0 (0.0%) 0 (0.0%) NA
Renal, n (%) 0 (0.0%) 0 (0.0%) NA
Neurologic, n (%) 0 (0.0%) 0 (0.0%) NA
Hematologic, n (%) 1 (10.0%) 3(23.1%) 0.60
Clinical characteristics
SLEDALI score 1.0 (0.0-2.5) 2.0 (1.0-3.0) 0.38
rSLEDAI, score 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.00
ANAs, titer 1:1280 (1:160-1:10,240) 1:5120 (1:320-1:20,480) 0.042
Anti-dsDNA antibodies, titer <1:10 (<1:10-1:320) <1:10 (<1:10-1:160) 0.93
Proteinuria, g/day 0.13 (0.08-0.18) 0.10 (0.08-0.12) 0.26
Creatinine, pmol/L 70.0 (58.3-91.8) 59.0 (53.5-72.0) 0.10
eGFR, mL/min/1.73 m? 82.5 (71.3-103.0) 99.0 (86.0-108.5) 0.21
C3c, mg/dL 1.09 (0.89-1.36) 0.90 (0.81-1.12) 0.17
C4, mg/dL 0.19 (0.14-0.22) 0.17 (0.11-0.21) 0.34
C-reactive protein, mg/L 2.6 (1.2-4.7) 1.0 (1.0-2.4) 0.11
White blood cells, 10%/uL 7.7 (4.8-9.5) 4.6 (3.4-8.0) 0.042
Lymphocytes, 10%/uL 1.7 (1.4-2.0) 1.0 (0.7-1.2) 0.003
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Table 4. Cont.

Inactive SLE Patients Inactive SLE Patients
Parameter with Remission and Lupus with Remission Without Value
Nephritis Lupus Nephritis P
n=10 n=13
Neutrophils, 103 /uL 4.1 (2.5-6.8) 3.8 (2.1-6.0) 0.28
Platelets, 103 /puL 280 (180-336) 243 (220-264) 0.38
Current systemic GCS, mg/day 0.0 (0.0-4.0) 0.0 (0.0-3.0) 0.83
Cumulative CTX dose, g 7.5 (0.0-33.2) 0.0 (0.0-0.0) 0.010

Categorical variables are presented as numbers with percentages. Continuous variables as medians with
Q1-Q3 ranges (medians with min-max ranges in ANAs and anti-dsDNA titers). Statistically significant dif-
ferences are marked in bold. Abbreviations: ANAs—anti-nuclear antibodies, C3c—complement component 3c,
C4—complement component 4, CTX—cyclophosphamide, GCS—glucocorticosteroids (recounted for methyl-
prednisolone), eGFR—estimated Glomerular Filtration Rate, NA—not applicable, n—number, rSLEDAl—renal
SLEDAI, SLE—systemic lupus erythematosus, SLEDAI—SLE disease activity index.

3.5. B Cell Subsets Correlate with Systemic Lupus Erythematosus Activity

Interestingly, we observed several correlations between B cell subsets and selected
SLE parameters. The percentage of trans/reg B cells showed a positive correlation with
SLEDAI, ANAs titers, and C-reactive protein (CRP) levels (r = 0.38, r = 0.38, and r = 0.41,
respectively; p < 0.05 for all). The percentage of naive B cells was positively associated only
with complement C3c component levels (r = 0.43, p = 0.018). Furthermore, the frequency of
SM B cells correlated positively with the duration of SLE (r = 0.41, p = 0.028) and negatively
with complement C3c concentrations (r = —0.45, p = 0.016). Plasmablast percentage was
linked to SLE duration and CRP levels (r = 0.42 and r = 0.40, respectively; p < 0.05 for both).
Similarly, the percentage of plasmocytes correlated with CRP levels (r = 0.44, p = 0.017).
The proportion of DN B cells was associated with anti-dsDNA titers (r = 0.44, p = 0.02).
Interestingly, the percentage of NSM B cells did not relate to the classical disease activity
parameters. Detailed data are presented in below in Table 5.

Table 5. Association of B cell subsets with clinical and laboratory parameters of systemic lupus erythematosus.
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Table 5. Cont.
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Correlation matrix showing significant associations between the main subsets of B cells and selected markers of ac-
tive systemic lupus erythematosus (in the whole SLE group). Statistically significant differences are marked in bold.
Abbreviations: ANAs—antinuclear antibodies, B trans/reg—transitional /regulatory B cells, C3c—complement
component 3¢, C4—complement component 4, CD—cluster of differentiation, CTX—cyclophosphamide (cumula-
tive dose), eGFR—estimated Glomerular Filtration Rate, DN—double negative, n—number, NSM—non-switched
memory, SLE—systemic lupus erythematosus, SM—switched memory, rSLEDAI—renal SLEDAI, SLE—systemic
lupus erythematosus, SLEDAI—SLE disease activity index.
3.6. Follow-Up Analysis of Inactive Systemic Lupus Erythematosus Patients
In the follow-up analysis, we carefully examined flares in inactive SLE patients from
the enrolment over the median observation of 5 years. During this time, five patients
developed a disease flare (Table 6). We also compared groups of inactive SLE patients with
a flare and without a flare over this period to look for potential biomarkers. They had
longer disease duration, and no differences in B cell subsets analyzed at the enrolment
(Supplementary Table S3).
Table 6. Demographic and clinical characteristics of inactive systemic lupus erythematosus patients
with a flare and without a flare in the follow-up analysis.
Inactive SLE Patients with a In'actlve SLE Paflents
. Without a Flare in the
Parameter Flare in the Follow-Up p-Value
Follow-Up
n=>5
n=18
Demographic characteristics
63.0 (52.0-69.0) 52.5 (38.5-65.0) 0.20
Sex, female, n (%) 4 (80.0%) 14 (77.8%) 1.00
Age at the SLE onset, years 23.0 (22.5-37.5) 31.0 (20.0-41.5) 0.80
SLE duration, years 25.0 (22.0-46.5) 18.0 (11.0-23.8) 0.019
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Table 6. Cont.

Inactive SLE Patients

Inactive SLE Patients with a Without a Flare in the

Parameter Flare in the Follow-Up Follow-Up p-Value
n=>5 n=18
Symptoms ever stated
Skin, n (%) 4 (80.0%) 14 (77.8%) 1.00
Oral or nasopharyngeal ulcerations, n (%) 2 (40.0%) 2 (11.1%) 0.19
Photosensitivity, n (%) 3 (60.0%) 6 (33.3%) 0.34
Joints, n (%) 5 (100.0%) 15 (83.3%) 1.00
Serositis, n (%) 0 (0.0%) 2 (11.1%) 1.00
Renal, n (%) 2 (40.0%) 8 (44.4%) 1.00
Neurologic, n (%) 1 (20.0%) 2 (11.1%) 0.54
Hematologic, n (%) 5 (100.0%) 16 (88.9%) 1.00
Symptoms at the study enrolment
Skin, n (%) 0 (0.0%) 2 (11.1%) 1.00
Joints, n (%) 0 (0.0%) 0 (0.0%) NA
Serositis, n (%) 0 (0.0%) 0 (0.0%) NA
Renal, n (%) 0 (0.0%) 0 (0.0%) NA
Neurologic, n (%) 0 (0.0%) 0 (0.0%) NA
Hematologic, n (%) 0 (0.0%) 4(22.2%) 0.54
Clinical characteristics
SLEDALI, score 2.0 (1.0-2.0) 2.0 (0.04.0) 091
rSLEDALI, score 0.0 (0.0-0.0) 0.0 (0.0-0.0) 1.00
ANAgs, titer 1:10,240 (1:1280-1:20,480) 1:1280 (1:160-1:20,480) 0.08
Anti-dsDNA antibodies, titer <1:10 (<1:10-1:80) <1:10 (<1:10-1:320) 0.36
Proteinuria, g/day 0.11 (0.05-0.16) 0.11 (0.08-0.14) 0.86
Creatinine, pmol/L 65.0 (59.0-92.0) 60.5 (52.5-80.8) 0.36
eGFR, mL/min/1.73 m? 83.0 (66.0-99.0) 97.5 (82.0-111.0) 0.26
C3¢, mg/dL 0.86 (0.66-1.16) 0.99 (0.82-1.32) 0.49
C4, mg/dL 0.17 (0.11-0.23) 0.18 (0.13-0.22) 0.86
C-reactive protein, mg/L 2.6 (1.3-3.1) 1.0 (1.0-3.7) 0.40
White blood cells, 103 /L 3.6 (3.0-7.3) 6.4 (44-8.9) 0.23
Lymphocytes, 103 /uL 0.9 (0.7-2.5) 1.3 (1.0-1.7) 0.23
Neutrophils, 10% /L 2.8 (1.7-4.1) 4.6 (2.3-6.7) 0.20
Platelets, 103 /uL 262 (162-312) 245 (217-273) 1.00
Current systemic GCS, mg/day 0.0 (0.0-4.0) 0.0 (0.0-2.5) 0.86
Cumulative CTX dose, g 0.0 (0.0-22.1) 0.0 (0.0-5.5) 0.91

Categorical variables are presented as numbers with percentages. Continuous variables as medians with
Q1-Q3 ranges (medians with a min-max range in case of ANAs and anti-dsDNA titers). Statistically significant dif-
ferences are marked in bold. Abbreviations: ANAs—anti-nuclear antibodies, C3c—complement component C3c,
C4—complement component 4, CTX—cyclophosphamide, eGFR—estimated Glomerular Filtration Rate, GCS—
glucocorticosteroids (recounted for methylprednisolone), NA—not applicable, n—number, rSLEDAI—renal
SLEDAI, SLE—systemic lupus erythematosus, SLEDAI—SLE disease activity index.
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4. Discussion

This study explored the immunological profile of patients with SLE, particularly focusing
on those experiencing disease exacerbations. Surprisingly, no significant differences were
observed in the numbers or percentages of B cell subsets between patients with active and
inactive SLE. However, correlations were identified regarding specific B cell subsets and
disease activity parameters, providing valuable insights into the pathophysiology of SLE
flares and highlighting potential immune-related markers for monitoring disease activity.

Importantly, the demographic profile of our cohort mirrored typical SLE popula-
tions, with a predominance of females (n = 29, 82.9%) [27]. There were no differences
in age at study enrolment, age of SLE diagnosis, or disease duration between analyzed
active and inactive SLE patients. However, despite similar demographics, distinct clin-
ical and laboratory features emerged, underscoring the multifaceted nature of the dis-
ease. As expected, active SLE patients showed elevated levels of anti-dsDNA antibodies,
more severe proteinuria, lower complement component levels (C3c and C4), and higher
C-reactive protein levels than inactive SLE patients. These differences, similar to discrepan-
cies in clinical symptoms, are typical of exacerbated SLE [28,29].

We did not find any significant differences in the numbers or percentages of B cell sub-
sets in active and inactive SLE. This contrasts with our previous findings in lupus nephritis
(LN) patients, where we observed an increased percentage of immature/early-transitional
B cells (CD27~IgD*CD217), a higher frequency of activated SM (CD27*IgD~CD21~) and
exhausted memory B cells (CD27 " IgD ™), and a decrease in NSM (CD27*IgD*) B cells [13].
Our findings also differ from those presented by Rodriguez-Bayona et al. [30], who demon-
strated a deficiency in SM B cells and an increased proportion of naive B cells in active
SLE cases. The discrepancy between our results and existing data may be due to the small
sample sizes of both studied groups.

On the other hand, in the entire cohort of 35 patients, disease activity, as measured by
the SLEDAI, was positively associated with the percentage of trans/reg B cells, suggesting
their engagement in the immunologic response of disease flare [31] and highlighting the
significant role of the immune system in the progression of SLE.

Next, we also observed that specific B subsets were correlated with complement com-
ponent levels. Complement components are clinically useful as they serve as biomarkers in
SLE activity and are used in some SLE disease scores, such as SLEDAI [32]. Our observation
suggests additional interplay between complement activation and lymphocyte dynamics in
SLE. Indeed, the percentage of naive and memory B cells was linked with C3c complement
levels. C3, a central component of the complement system, plays a critical role in immune
complex clearance and inflammatory responses [33]. Next, elevated levels of complement
split products, such as C3dg, iC3b, C4d, and cell-bound complement activation products,
can serve as diagnostic biomarkers and indicate disease activity, as well as predict adverse
outcomes, including in antiphospholipid syndrome [33]. Dysfunctions in the complement
system are pivotal in the pathogenesis of SLE, both during the initiation of autoimmunity
and the inflammatory phase [32-34]. Complement deficiencies, such as Clq, are among the
strongest genetic risk factors for SLE [32]. Complement activation on immune complexes
and autoantibodies drives chronic inflammation, promoting the activation and expansion of
autoreactive T and B cells. While complement receptor signaling on B cells typically helps
regulate their activation, reduced receptor expression (e.g., CR2) in autoimmune diseases
may impair this mechanism. Thus, targeting the inhibitory CR1 and CR2 in autoreactive B
cells could serve as a novel scenario for therapeutic options in autoimmune diseases [34].
However, further investigation is needed to delineate which specific B cell subsets are
primarily involved in this correlation and how they influence complement dynamics.

Another interesting finding of our study is a positive correlation between an unspecific
marker of inflammation CRP and the percentage of plasmablasts and plasmocytes, under-
scoring the role of these cells in the SLE flares. Plasmablasts and plasmocytes produce
autoantibodies, which form immune complexes that deposit in tissues and activate the
complement system, perpetuating the cycle of inflammation [35], especially in the kidneys,
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skin, and joints [36]. In turn, elevated CRP points to the active inflammation [37]. Thus, the
association presented here reinforces these cells as central to the humoral immune response
and simultaneously to the acute inflammatory response in SLE. Notably, the percentage of
plasmablasts also showed a significant correlation with the duration of SLE, which may
reflect the chronic activation and differentiation of B cells over the disease course.

One of the crucial aspects of SLE management is the presence of LN [38]. However,
there are no reliable early non-invasive biomarkers for ongoing kidney damage [39]. For
example, Kitagori et al. [40] proposed a urine osteopontin N-half concentration as a novel
biomarker related to kidney inflammation; however, more extensive clinical studies are
needed to confirm its suitability in LN prediction. Furthermore, previously, it was doc-
umented that some B cell compartments were deficient in those cases [13]. We did not
find such an association; only a positive correlation was noted between CD19+ cells and
proteinuria. The lack of significant correlations between CD19+ cells and other kidney
function markers, such as creatinine or eGFR, suggests proteinuria, a hallmark feature
of lupus nephritis [41], might be a more sensitive marker of immune-mediated kidney
damage in SLE. Importantly, ongoing proteinuria is a risk factor for LN flares in patients
discontinuing immunosuppressive therapy [42]. Therefore, monitoring CD19+ B cell levels,
together with proteinuria, might serve as a specific marker for assessing the risk and sever-
ity of renal involvement in patients with SLE. This could be especially valuable in clinical
settings where early detection of kidney involvement is crucial for preventing progression
to more severe renal damage and chronic kidney disease. Additionally, targeting B cells
with therapies such as B cell depletion (e.g., rituximab) might be particularly effective
for patients with SLE with significant renal involvement, as it directly addresses a key
component of the pathogenic mechanism leading to proteinuria [43]. Furthermore, similar
to others [44—46], we showed that specific immunological profiles could be linked with
disease activity referring to the SLEDAI score.

A novelty of our study was the long-term follow-up of inactive SLE patients to identify
immunological markers of pre-active or smoldering disease. However, a few of those with
exacerbations (n = 5, 21.7% out of 23 inactive SLE patients) do not allow us to draw reliable
conclusions. In contrast, other researchers underscore that specific B cell subpopulations
may be valuable biomarkers for flare prediction [47].

5. Limitations of the Study

Despite its valuable findings, this study has several limitations. Firstly, the relatively
small sample size limits the statistical power and may affect the reliability of the conclusions.
Secondly, the single-center design introduces the possibility of selection bias, which may
reduce the generalizability of the findings to broader populations. Furthermore, the cross-
sectional nature of the study restricts the ability to establish causal relationships, particularly
in exploring predictive factors for relapses or disease progression. Additionally, while
informative, the study overlooks other potential aspects of disease mechanisms. Future
approaches will focus on cytokine profiles, genetic markers, and activation markers on B
cells to better understand disease mechanisms and identify potential therapeutic targets.

6. Conclusions

Our study highlights significant associations between various B cell subsets and SLE
disease activity. Some B lymphocyte subsets correlated with complement levels support its
role as a biomarker for identifying and tracking exacerbations in patients with SLE. These
findings contribute to a better understanding of disease variability and could inform clinical
management strategies for patients with SLE, especially those with renal manifestations.
Future studies with larger, multicenter cohorts and prospective designs are needed to
validate our findings and elucidate the long-term impact of identified markers on clinical
outcomes in SLE. A more personalized approach to indicate patients with SLE at a higher
risk of lupus flares is crucial for better management.
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Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/medicina60121994/s1. Table S1: B cell subset analysis in active systemic
lupus erythematosus patients with renal flare and other than renal flare; Table S2: B cell subset analysis
in active systemic lupus erythematosus patients with remission and lupus nephritis versus remission
without lupus nephritis; Table S3: B cell subset analysis in inactive systemic lupus erythematosus
patients with a flare and without a flare in the follow-up analysis.
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Abstract: Background and Objectives: Despite recent advancements in treatment, children
with juvenile idiopathic arthritis (JIA) continue to experience poor health-related quality of
life, and data on patient and parent satisfaction with disease management remain limited.
Thus, this cross-sectional study aimed to explore the factors influencing parental satisfac-
tion with their child’s JIA care, using the juvenile arthritis parent acceptable symptom state
(JA-PASS). Materials and Methods: Parents of 63 children (43 females and 20 males; mean
age 12.2 £ 3.7 years) diagnosed with JIA completed the Juvenile Arthritis Multidimen-
sional Assessment Report JAMAR). The study analyzed JAMAR responses, along with
demographic data, disease duration and activity, and current medication use, to identify
clinical factors that influence JA-PASS. Results: According to the JAMAR, 55.6% of parents
expressed satisfaction with their child’s current condition. In a multiple regression analysis,
significant factors influencing JA-PASS included medication side effects (p = 0.033), current
disease activity (p = 0.009), and the psychosocial well-being rating in the JAMAR ques-
tionnaire (p = 0.048). Conclusions: JA-PASS should be integrated into patient assessment
protocols, as it provides valuable insight into parents’ perceptions of disease progression
and effectiveness of therapeutic interventions.

Keywords: juvenile idiopathic arthritis; quality of life; patient-reported outcomes; pediatric
rheumatology

1. Introduction

Juvenile idiopathic arthritis (JIA) is a clinically heterogeneous group of chronic diseases
characterized by joint inflammation of unknown etiology, with symptoms persisting for at
least six weeks and an onset before the age of 16 years [1]. It is the most common rheumatic
disorder in children, affecting approximately 16 to 50 children per 100,000 in high-income
countries [2]. In Italy, around 10,000 children are affected by the disease [3].

The International League of Associations for Rheumatology (ILAR) classifies JIA into
seven subtypes: systemic, polyarticular (rheumatoid factor [RF] negative or positive),
oligoarticular, enthesitis-related (ERA), psoriatic, or undifferentiated [4]. Despite variations
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in disease course, all JIA subtypes share the hallmark of persistent synovial inflammation,
leading to joint stiffness, swelling, and pain. These symptoms significantly impair daily
activities and productivity compared to healthy peers [5]. In severe cases, this inflamma-
tory process may result in permanent damage to articular cartilage and bone, leading to
substantial physical disability [5].

The primary goal in managing JIA is to achieve and sustain disease remission, or at
least minimal disease activity [6]. However, this remains challenging despite significant
advances in drug therapy, especially with the introduction of advanced disease-modifying
antirheumatic drugs (DMARD:s) that target specific immune system pathways [7,8]. Conse-
quently, the disease’s symptoms and activity can greatly impact the health-related quality of
life (HRQoL) of affected children [9,10]. Furthermore, medication side effects can contribute
to additional pain and stress, further deteriorating the patient’s overall well-being [11].

In this context, parent-/child-reported outcomes (PCROs) provide valuable insights
into the disease’s course and the perceived benefits of therapeutic interventions, aiding
medical decision-making and improving patient care [12]. Among the available tools, the
Juvenile Arthritis Multidimensional Assessment Report (JAMAR) questionnaire captures
key PCROs in JIA, including overall well-being, functional status, HRQoL, and pain
intensity [13,14]. It also assesses satisfaction with the current state of the illness through
a binary final question [15,16]. The concept of patient acceptable symptom state (PASS)
is particularly relevant, as it reflects the symptom threshold beyond which health status
is considered satisfactory by children with JIA and their parents (JA-CASS and JA-PASS,
respectively) [17].

PASS is a relatively recent concept that captures the patient’s perception of being
well [18], and it has been increasingly adopted across various medical disciplines, including
orthopedics and rheumatology [19,20]. Its ease of use and strong association with healthcare
outcomes make it a a valuable tool for evaluating treatment response on an individual level.
As such, PASS should be considered a meaningful treatment target when balancing the
benefits and risks of different therapeutic interventions [17]. However, PASS estimates may
vary across different populations, even among individuals with the same condition [20].

While the impact of JIA on HRQoL and physical function has been extensively stud-
ied [6,21,22], there is limited research in the literature on patient and parent satisfaction [23].
Therefore, the objective of this cross-sectional study was to identify the clinical variables
associated with JA-PASS using the JAMAR questionnaire in a specialized center in northern
Italy.

2. Materials and Methods
2.1. Study Design and Patient Selection

Consecutive children diagnosed with JIA were recruited from those under follow-up
at the Rheumatology Unit of Rivoli Hospital (Italy) between January 2020 and July 2022.
Eligible patients were under 16 years of age, of both sexes, and diagnosed with any JIA
subtype according to the ILAR criteria [4]. Patients with cognitive impairment and chronic
conditions that could affect HRQoL or pain perception were excluded. They were also
excluded if their parents lacked sufficient fluency in Italian to understand and complete
the JAMAR questionnaire. Written informed consent was provided by parents/guardians
prior to enrollment, and assent was obtained from participants as appropriate for their
age. The study was conducted in accordance to the principles of the Helsinki Declaration,
as revised in 2013, and was approved by the Institutional Ethics Committee. Reporting
complied with the STROBE guidelines for cross-sectional studies.
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2.2. Instrument

A parent (mother or father) or legal guardian of each enrolled patient was asked to
complete the cross-culturally adapted and validated Italian parent version of the JAMAR
questionnaire prior to a clinical visit [24]. The JAMAR is a multidimensional assessment
tool consisting of 15 sections. For the purposes of this study, in addition to the question on
the degree of satisfaction with the present child’s disease status (with yes or no response),
corresponding to the JA-PASS, data from 7 of the 15 original domains were utilized. They
included the following: (1) physical function measured through the 15-item Juvenile Arthritis
Functionality Scale (JAFS) [25], which rates the child’s ability to perform daily tasks on a
Likert scale (from 0 = without difficulty to 3 = unable to do), with total score ranging from 0
to 45; (2) HRQoL assessment using the 10-item Pediatric Rheumatology Quality of Life Scale
(PRQL) questionnaire [26], organized into two subdimensions [physical health (PhH) and
psychosocial health (PsH)]. Each consists of 5 items, with a scoring total from 0 to 15, with
higher scores indicating worse HRQoL; (3) pain intensity graded using a visual analog scale
(VAS), with scores ranging from 0 (no pain) to 10 (worst scenario) [27]; (4) degree and duration
of morning stiffness; (5) perception of disease activity graduated from 0 (no activity) to 10
(maximum activity) on a VAS scale; (6) assessment of well-being on the VAS (from 0 = very
well to 10 = very bad); and (7) degree of school difficulties caused by the disease, including
difficulty attending school, inability to sit for extended periods, disagreement with teachers,
or problems performing well.

2.3. Additional Information

The following information was collected from the patient’s medical records: demo-
graphic characteristics, disease-related variables such as JIA category, positivity for antin-
uclear antibody (ANA), RF, presence of human leukocyte antigen (HLA) B27 (HLA-B27)
and B51 (HLA-B51), age at disease onset, age at visit, disease duration, and disease-activity
parameters including the number of active and limited joints as assessed by the physician.
Disease status (remission, continued activity, or flare) and current use of medication (type
of medication, treatment adhesion, side effects) were also recorded. The involvement of the
temporomandibular joint was assessed by an experienced dentist.

2.4. Data Analysis

The primary outcome of the study was satisfaction with child’s disease status. Thus,
parents/caregivers were divided in two groups based on positive/negative JA-PASS ac-
cording to the JAMAR questionnaire.

Data were all anonymously collected, analyzed, and published as aggregates. Quanti-
tative data were reported using the mean value and standard deviation or the median and
interquartile range (IQR). Categorical data were summarized using absolute and relative
frequencies. The normality of continuous variables was verified with the Shapiro-Wilk
test. For the comparison of quantitative variables between the two groups, the Student’s
t-test for independent samples or the non-parametric Mann—Whitney test were applied
according to their normal/non-normal distribution. Categorical variables were analyzed
using the chi-square test or Fisher’s exact test, as appropriate.

A multiple logistic regression model was built to identify predictors of positive JA-
PASS using a stepwise backward selection procedure. All potential explanatory variables
that were significantly associated with the outcome in univariate models were entered in the
multivariate logistic regression analysis. The results were presented as odds ratio (OR) with
95% confidence interval (CI). Finally, the area under the receiver operating characteristic
curve (AUC) of the best-fitting model was used as an indicator of its predictive ability.
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A p-value of 5% was set for statistical significance. All statistical tests were 2-sided
and were performed using SPSS statistical package version 28 (IBM, Chicago, IL, USA).

3. Results
3.1. Patient Characteristics

Sixty-three consecutive children with JIA, with a mean age of 12.2 & 3.7 years, were
enrolled in the study. Of these, 43 (68.3%) were girls. A parent of each patient, consisting of
44 mothers and 19 fathers, completed the JAMAR questionnaire. As reported in Figure 1,
the majority of children (57.1%) had oligoarticular JIA, followed by polyarticular (12.7%)
and psoriatic disease subtypes (7.9%).

Undifferentiated

Enthesitis

Psoriatic arthritis

Polyarthritis RF pos

JIA subtype

Polyarthritis RF neg

Oligoarthritis

Systemic

0 10 20 30 40 50 60

Percentage

Figure 1. Frequency distribution by juvenile idiopathic arthritis subtype.

The child’s demographic and clinical characteristics, along with disease-related mea-
sures and JAMAR domain scores, are presented in Table 1. The mean disease duration was
6.0 £ 3.8 years. The presence of ANA was found in 46% (n = 29) of individuals, while 6.3%
(n = 4) tested positive for HLA-B27. The median active joint count was 0 (IQR 0-2). Fever
and skin rashes were observed in only two children.

Table 1. Demographic and disease severity characteristics of children with JIA at enrolment.

Variables N =63
Patient’s characteristics
Sex female, n (%) 43 (68.3)
JIA subtypes, n (%)
Oligoarthritis 36 (57.1)
Polyarthritis, RF positive 1(1.6)
Polyarthritis, RF negative 7 (11.1)
Psoriatic arthritis 5(7.9)
Enthesitis-related arthritis 4 (6.3)
Systemic arthritis 4 (6.3)
Undifferentiated arthritis 6 (9.6)
ANA positive, n (%) 29 (46.0)
HLA-B27 positive, n (%) 4 (6.3)
HLA-B51 positive, n (%) 1(1.6)
Age at disease onset, mean (SD), years 6.0 (3.8)
Disease duration, mean (SD), years 6.1 (3.3)
Drug therapy
Medication intake, n (%) 40 (63.5)
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Table 1. Cont.

Variables N =63
Type of medication, n (%)
NSAIDS 6(9.5)
Glucocorticoids 4(6.3)
bDMARDS (TNFi) 10 (15.9)
MTX 21 (33.3)
MTX + TNFi 6(9.5)
bDMARDS (non-TNFi) 2(3.2)
None 23 (36.5)
Side effects, n (%) 27 (47.9)
Active joints, median (IQR) 0(0-2)
TM]J pain, n (%) 25 (39.7)
TM]J stiffness, n (%) 24 (38.1)
Morning sotiffness over the past week by JAMAR 19 (30.2)
report, n (%)
JAFS, median (IQR) 2.0 (0.0-3.0)
PhH, median (IQR) 1.0 (0.0-2.0)
PsH, median (IQR) 2.0 (0.0-4.0)
VAS pain, median (IQR) 1.5 (0.0-4.3)
VAS disease activity, median (IQR) 1.0 (0.0-5.0)
VAS well-being, median (IQR) 2.0 (1.0-3.6)
School difficulties, n (%) 17 (27.0)

JIA: juvenile idiopathic arthritis; ANA: antinuclear antibody; RF: rheumatoid factor; NSAIDS: non-steroidal inflam-
matory drugs; MTX: methotrexate; bLDMARDS: biological disease-modifying antirheumatic drugs; TNFi: tumor
necrosis factor inhibitor; SD: standard deviation; IQR: interquartile range; TMJ: temporomandibular joint; JAFS:
Juvenile Arthritis Functionality Scale; PhH: physical health; PsH: psychological health; VAS: visual analog scale.

Methotrexate and tumor necrosis factor inhibitor agents were the most commonly used
drugs, either as monotherapy or in combination. Nearly half of the patients experienced
side effects, with nausea, gastritis, and vomiting being the most frequently reported.
However, all parents declared children adhering to their prescribed medication regimen.

3.2. Assessment of JA-PASS Status

The majority of the parents (55.6%) were satisfied with their child’s current disease
condition according to the JA-PASS. Demographic and disease-related characteristics of
positive/negative JA-PASS are separately shown in Table 2.

Table 2. Demographic and disease severity characteristics stratified by JA-PASS.

Variables ]A-P?:i ;’;))smve ]A-PA(ISIS= lgse)gatlve p Value

Father, n (%) 15 (42.9) 4(14.3) 0.026
Patient’s characteristics
Sex female, n (%) 21 (60.0) 22 (78.6) 0.173
JIA subtypes, n (%) 0.004

Oligoarthritis 27 (77.1) 9 (32.2)

Poliarthritis 2(5.7) 6(21.4)

Systemic arthritis—ERA 2 (5.7) 6 (21.4)

Others 4 (11.5) 7 (25.0)
Age at visit, mean (SD), years 11.7 (3.5) 12.6 (4.0) 0.321
Age at disease onset, mean (SD), years 5.3 (3.4) 6.9 (4.1) 0.090
Disease duration, mean (SD), years 5.7 (3.7) 6.3 (3.0) 0.436
Drug therapy
Medication intake, n (%) 17 (48.6) 23 (82.1) 0.015
Side effects, n (%) 3(8.6) 24 (85.7) <0.001
Disease severity
Current disease state, n (%) <0.001
Disease activity 2(5.7) 19 (67.9)
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Table 2. Cont.

Variables ]A-P/(&nSi ;’;))smve ]A-PA(ISIS= lgg)gatlve p Value
Relapse 0 (0.0) 4(14.3)
Remission 33 (94.3) 5(17.9)
Active joints, median (IQR) 0.0 (0.0-0.0) 1.0 (0.0-2.0) <0.001
TM]J pain, n (%) 9(25.7) 16 (57.1) 0.011
TMJ stiffness, n (%) 5 (14.3) 19 (67.9) <0.001
Morning stiffness by JAMAR report, n (%) 10 (28.6) 9(32.1) 0.756
JAFS, median (IQR) 0.0 (0.0-1.5) 3.0 (2.0-4.0) <0.001
PhH, median (IQR) 0.0 (0.0-1.0) 2.0 (2.0-3.0) <0.001
PsH, median (IQR) 0.0 (0.0-1.3) 4.0 (3.3-5.8) <0.001
VAS pain, median (IQR) 0.0 (0.0-1.0) 4.0 (1.6-6.0) <0.001
VAS disease activity, median (IQR) 0.0 (0.0-0.0) 5.0 (2.1-7.0) <0.001
VAS well-being, median (IQR) 3.0 (2.0-5.0) 1.0 (0.0-2.0) <0.001
School difficulties, n (%) 3(8.6) 14 (50.0) 0.001

JIA: juvenile idiopathic arthritis; SD: standard deviation; IQR: interquartile range; TMJ: temporomandibular joint; JAFS:
Juvenile Arthritis Functionality Scale; PhH: physical health; PsH: psychological health; VAS: visual analog scale.

A negative JA-PASS was significantly associated with specific JIA types, with a higher
prevalence of ERA, systemic arthritis, and polyarticular arthritis (p = 0.004). However, no
associations were found between the JA-PASS and patients” demographic characteristics,
although a higher proportion of fathers reported satisfaction than mothers (p = 0.026). The
duration of the disease or age at diagnosis appeared to have no impact.

Conversely, active disease state, current medication intake, and drug side effects were
reported more frequently among participants whose parents expressed dissatisfaction
with the child’s JIA condition. Regarding the JAMAR domains, as displayed in Figure 2,
statistically significant differences were found between parents with positive and negative
JA-PASS in terms of functional ability, physical and psychosocial health, pain level, and
child’s current well-being. Parents of children with a negative JA-PASS reported worse
scores across all these items (all p < 0.001).

-
~
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Figure 2. Parents’ score in the JAMAR domains grouped by positive or negative JA-PASS (box and
whisker plots).

With the exception of four cases, all parents in the positive JA-PASS group rated the
severity of disease activity as 0, whereas none of the parents in the negative JA-PASS group
reported a severity score of 0 (p < 0.001).
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3.3. Variables Associated with [A-PASS

In the stepwise logistic regression model (Table 3), the child’s current illness status (OR = 0.024,
p = 0.009), the presence of at least one medication side effect (OR = 0.054, p = 0.033), and a higher
psychosocial well-being rating on the JAMAR questionnaire (OR = 0.443, p = 0.048) were identified
as the most significant independent variables associated with a negative JA-PASS. Other predictors
that were statistically significant in the univariate analysis were no longer significant contributors to
the model. The AUC value for the final regression model was 0.97 (95% CI 0.95-0.99).

Table 3. Multiple logistic regression model with a positive JA-PASS status as dependent variable

(R? =0.897).
Variables Odds Ratio (95% CI) p Value
Intercept 124.399
Current disease state (activity or relapse vs. remission) 0.024 (0.001-0.389) 0.009
Psychosocial well-being, points 0.443 (0.199-0.984) 0.048
Presence of drug side effects (yes vs. no) 0.054 (0.004-0.785) 0.033

4. Discussion

Juvenile idiopathic arthritis is a clinically heterogeneous disease, characterized by wide
variability in presentation and disease course, often leading to significant impairment in
quality of life [1]. Its impact is influenced not only by physical symptoms but also by parents’
perceptions of disease progression and treatment effectiveness [5]. This cross-sectional
study aimed to identify factors influencing parental satisfaction with the treatment of JIA
in a cohort of pre-adolescent children. Key contributors to parental satisfaction included
the child’s current disease activity, medication side effects, and psychosocial well-being, as
measured by the JAMAR questionnaire. A stepwise logistic regression model identified
these variables as significant predictors, yielding an AUC of 0.97.

Assessing overall quality of life in children with JIA requires consideration of multiple
complex and interrelated factors. The JAMAR is regarded as a gold-standard tool for
evaluating these complexities, as it allows for a comprehensive assessment of the child’s
symptoms, addressing both physical and psychosocial domains [15]. Additionally, the
JA-PASS score, which is a component of the broader JAMAR tool, assesses parental per-
spectives on treatment effectiveness and whether they perceive their child’s current health
status as acceptable [17]. Although it consists of a global dichotomized simple question, it
has a good construct/discriminative validity, yielding a positive association with disease
activity and severity [17,23,28]. Nevertheless, aspects such as emotional burden, coping
mechanisms, or dissatisfaction with specific elements of care may not be fully addressed by
the current structure of the questionnaire. These limitations should be taken into account
in future research efforts aimed at improving the JAMAR questionnaire.

This study, conducted on 63 children in Italy, predominantly female, found oligoar-
ticular JIA to be the most common disease subtype. A median active joint count of zero,
along with a high proportion of children in remission at the time of evaluation, indicates a
relatively low overall disease burden. These findings suggest that the study population is
well-positioned to achieve and sustain an optimal HRQoL.

In line with previous studies [17,23], more than half of the parents (55.6%) expressed
satisfaction with their child’s disease condition, despite significant side effects associated
with standard medications such as methotrexate and tumor necrosis factor inhibitors [1,9].
Nevertheless, adherence to prescribed treatments remained high, even in the presence
of common adverse effects such as nausea, gastritis, and vomiting. This highlights the
substantial burden of managing treatment-related side effects, which adds to the challenges
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faced by families coping with JIA. While parents acknowledge that no treatment is without
risk and appreciate the importance of therapy, their dissatisfaction often arises from adverse
reactions that are perceived as intolerable. Addressing these concerns through a more
individualized approach to JIA management, which carefully balances the benefits of
treatment with its potential adverse effects, may enable healthcare providers to improve
the overall treatment framework.

A key finding in this study is the strong influence of disease activity on parental satis-
faction. Dissatisfaction was significantly associated with more severe disease presentations,
particularly among patients with ERA, systemic arthritis, and polyarticular JIA. These
subtypes are often linked to higher disease activity and greater functional impairment,
which likely contribute to increased parental concern [1]. Consequently, a reduction in
disease activity is strongly correlated with improved parental perceptions of treatment
effectiveness and their child’s overall well-being. Notably, when children with JIA achieve
disease remission, parents report higher satisfaction with care and enhanced quality of
life for their children [20]. These findings underscore the importance of achieving and
sustaining disease remission as the central goal in JIA treatment [21].

Furthermore, the present study further highlights the significant role of psychosocial
well-being in shaping parental satisfaction. Parents of children who reported better psy-
chosocial scores on the JAMAR questionnaire were more likely to express satisfaction with
treatments. Although often underrecognized, the psychosocial impact of JIA emerges as a
critical factor influencing the perceptions of both children and their families. Importantly,
psychosocial stress is not only a consequence, but also a potential contributor to worse
disease outcomes through mechanisms involving poor treatment adherence or amplifying
symptoms’ perception. Thus, effective management strategies should address not only
physical symptoms, but also promote psychosocial well-being, as this is essential for the
child’s overall health and also for improving parental satisfaction with care.

The reliability of the assessment tools is supported by the finding that patients” demo-
graphic characteristics did not influence JA-PASS outcomes, suggesting that the tool is not
biased by such factors. Interestingly, a higher proportion of fathers reported satisfaction
compared to mothers (p = 0.026), highlighting the potential need for a parent-specific ap-
proach in future research. Previous studies have identified gender differences with respect
to caregiving roles and illness perception. Mothers usually assume the role of primary care-
givers and report significantly higher levels of parenting stress and depressive symptoms
compared with fathers when caring children with chronic or rare diseases [29-31]. More-
over, mothers tend to focus more on the negative aspects of their children’s chronic illnesses,
whereas fathers are generally more accepting of their child’s disease conditions [29,32].
Thus, developing a tailored questionnaire that independently captures the perspectives of
both mothers and fathers could provide a more nuanced and comprehensive understanding
of parental experience with JIA care.

While this study provides valuable insights into the factors influencing parental
satisfaction with JIA care, some limitations should be acknowledged. First, the study was
conducted on a relatively small, single-center, cohort of Italian children, all receiving care at
the same hospital. Larger, multicenter studies are needed to validate these findings and to
explore potential country variations. Additionally, longitudinal studies that follow patients
over time would provide a deeper understanding of how parental satisfaction evolves in
relation to changes in disease activity and treatment plans.

Furthermore, this analysis was limited to the items included in the JAMAR, excluding
factors such as fatigue, which is a common and burdensome issue not captured by the
tool. Future research should also explore the influence of additional factors, such as socio-
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economic status and healthcare access, on parental satisfaction. These variables may affect
families” ability to manage the disease, adhere to treatment protocols, and impact the
quality of life for both children and parents [33]. Finally, exploring interventions aimed
at improving psychosocial well-being and mitigating treatment-related side effects could
help identify strategies that enhance overall treatment outcomes and satisfaction.

5. Conclusions

The present study shows that the JA-PASS provides valuable insight into parents’
perceptions of disease progression and effectiveness of therapeutic interventions. Thus, it
should be incorporated into patient assessment protocols in both routine clinical practice
and clinical trials.

Despite the improvement in functional outcomes achieved in the last few years, about
44% of parents are still unsatisfied with the current state of their child’s disease. The factors
most strongly associated with parental dissatisfaction are child’s current disease activity,
psychosocial well-being, and medication side effects. These areas highlight key opportuni-
ties for improving medical management. If left unaddressed, parental dissatisfaction may
contribute to therapy nonadherence and increased distress in patients. Thus, incorporating
the questionnaire into medical decision-making could play a significant role in enhancing
the quality of care for children with JIA. Although pain was not significantly associated
with parents’ dissatisfaction in the regression logistic model, the high VAS scores for pain
perception suggest that there is also a need for improvement in children’s pain control.
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Abbreviations

The following abbreviations are used in this manuscript:

JIA Juvenile idiopathic arthritis

ANA Antinuclear antibody

RF Rheumatoid factor

ERA Enthesitis-related arthritis

NSAIDS Non-steroidal inflammatory drugs

MTX Methotrexate

bDMARDS  Biological disease-modifying antirheumatic drugs
TNFi Tumoral necrosis factor inhibitor

SD Standard deviation

IOR Interquartile range
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OR Odds ratio

CI Confidence interval

™] Temporomandibular joint

JAFS Juvenile Arthritis Functionality Scale
PhH Physical health

PsH Psychological health

VAS Visual analog scale
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Abstract

Psoriasis is a chronic inflammatory autoimmune disease that causes significant deteri-
oration of the quality of life, and due to its multifactorial causes, it is often difficult to
manage. Apart from genetic and environmental components, an important part of its
pathophysiology comprises an oxidative stress induction that the standard antioxidative
mechanisms of the human body cannot compensate for. Moreover, in many psoriatic
patients, there is a documented imbalance between antioxidant and pro-oxidative factors.
Usually, psoriasis is evaluated using the Psoriasis Area and Severity Index (PASI) score. It
has been demonstrated that dietary choices can lead to significant modification of PASI
scores. Hypocaloric diets that are rich in antioxidants are highly effective in this regard,
especially when focusing on vegetables and restricting consumption of animal-derived
protein. Specific dietary regimens, namely the Mediterranean diet and potentially the
ketogenic diet, are very beneficial, in the former case owing in large part to the omega-three
fatty acids it provides and its ability to alter gut microbiome, a factor which seems to play a
notable role in the pathogenesis of the disease. Another option is the topical application of
vitamin D and its analogues, combined with corticosteroids, which can ameliorate the man-
ifestations of psoriasis at the level of the skin. Finally, oral vitamin D supplementation has a
positive impact on psoriatic arthritis and can mitigate the risk of associated comorbidities.

Keywords: psoriasis; nutrition; diet; oxidative stress; vitamin D; supplements

1. Introduction

In recent years there has been an increased incidence of autoimmune pathologies, and
this has led to an heightened awareness of the associated morbidity as well as psychological
and mental challenges. One of the most well-known autoimmune diseases is psoriasis, a
complex chronic immune-mediated disease presenting with a variety of manifestations, of
which the most prominent are usually the cutaneous ones, although other locations and
systems may be affected as well [1-4].

Currently, it is estimated that psoriasis affects over 120 million people at a worldwide
level, with incidence and prevalence showing great geographical variations [5]. Notably, it
seems that higher-income countries and people of Caucasian ancestry are at higher risk
of developing psoriasis [6]. The average prevalence is around 8% in the adult popula-
tion [6], while, based on recent research results, the actual burden of disease is higher due
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to underdiagnosis of psoriasis-related morbidities like psoriatic arthritis [7]. The systemic
inflammatory nature of the disease means that patients usually exhibit numerous comor-
bidities [8,9], which in turn decrease their quality of life [10-12]. The most common signs
of the disease are red and scaly plaques, which usually cause some degree of itching and
discomfort [13]; other comorbidities, of varying degrees of severity, are also associated with
psoriasis [14].

While there is a genetic component in psoriasis, not all patients carrying the implicated
genes will develop the disease. Perhaps the most prominent genetic associations at the
moment are genes of the HLA complex [15]. It becomes therefore apparent that since
genetic determinism alone cannot justify on its own the pathogenetic model, the onset of
the disease must be related to environmental factors as well. It is also well established
that the course and severity of the disease are influenced predominantly by environmental
rather than intrinsic factors [16,17]. Another important contributing factor, based on recent
research, is an increased amount of oxidative stress, which leads to the activation of a
number of proinflammatory signalling pathways [18] (Figure 1).

Clinical manifestations
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Figure 1. Schematic representation of the how oxidative stress affects inflammation, and the manifes-
tations of psoriasis. ROS = reactive oxygen species. DNA = deoxyribonucleic acid.

One of the distinguishing features of psoriasis is the exaggerated production of re-
active oxygen species (ROS) inside keratinocytes and immune cells [19]. The generated
redox imbalance aggravates the inflammation via signalling pathways such as MAPK,
STAT3, and NF-kB and contributes not only to local skin lesions but also to systemic
comorbidities [20,21]. Cutaneous oxidative stress is generated in response to inflamma-
tory cytokines such as IL-17 and TNF-«, leading to lipid peroxidation, protein oxidation,
and DNA fragmentation; in contrast, systemic oxidative stress appears as an extension of
the chronic inflammatory process beyond the skin, and the increased pro-inflammatory
cytokine levels can negatively affect endothelial cells, leading to dysfunction [22,23].

Aside from medical interventions, the environmental factors implicated are psycholog-
ical stress, substance and tobacco use and abuse, and diet. By themselves, these factors have

128



Medicina 2025, 61, 1296

been studied for decades by numerous researchers trying to establish causal relationships
between diseases and risk factors. Indeed, physiological and psychological stress is now
seen as being associated with both mortality and morbidity [24-26]. Smoking and excessive
alcohol consumption have a host of research data demonstrating their importance as risk
factors [27-32], while the role of diet in health maintenance and disease prevention has
come into focus in the 21st century [33-38].

In the specific case of psoriasis, it seems that the principal associated comorbidity is
obesity [39—43]. Obesity increases the risk of psoriasis incidence, while the cytokine profile
in patients with metabolic syndrome and obesity and psoriatic patients is similar [44,45].
Obesity is more likely to develop in people following a sedentary lifestyle [46,47] and with
high-fat diets [48,49]; dietary factors, both in the context of obesity and on their own, can
modify disease progression and severity in the case of psoriasis.

In the last decades medical innovations have led to the development of novel thera-
peutic strategies [50]. Given the recent focus on the influence of nutrition and oxidative
stress in psoriatic patients, the focus of this review will be the presentation of how diet,
both from a quantitative and a qualitative perspective, influences the onset and severity of
psoriasis, and via which mechanisms such influences are exerted.

2. Materials and Methods

In endeavoring to gather a complete and representative sample of research on psoriasis
and nutrition, we have performed a thorough search in the most complete and widely used
medical databases, namely PubMed, Scopus, Science Direct, and Medline. The search strategy
relied on the terms “psoriasis”, “diet”, “obesity”, “oxidative”, “oxidants”, “antioxidants”, and
“inflammation” in different combinations so as to cover as much probable relevant research
material as possible, using the appropriate Boolean operators. For a paper to be considered
as appropriate, the search terms should have to be included either in the title or abstract,
preferably both. We tried different combinations of these keywords to ensure, as much as
possible, the inclusion of all possible relevant papers, and we subsequently removed from our
selection papers that did not exclusively deal with psoriasis but with oxidative stress in the
context of autoimmune diseases. We have further excluded papers published in languages
other than English, manuscripts not published in peer-reviewed journals, and those with a
research question or patient population that were not relevant for our study.

Even though psoriasis was first described in modern medical terminology in the 18th
century [51], the role of diet in its evolution and management began to be assessed after the
1950s, and research has only specifically focused on this aspect after 2010. Therefore, we
have elected to confine our search to papers published between 2014 and 2024; the starting
year has been selected specifically due to the relevant WHO resolution [52], which raised
awareness of psoriasis and served as an impetus for intensifying research efforts. We have
chosen to include, wherever possible, reviews that delve into mechanisms and associations,
but where original papers reported essential or novel information, we have included them
as well.

3. The Interplay Between Psoriasis and Nutrition

The profound influence of diet on human health and disease [53] has begun to be
understood in the last decades [38,54]. At the same time, a notable majority of adults in the
Western world suffer from at least one chronic disease, whose evolution and even risk of
incidence may be associated with dietary factors [55,56].

At the same time, several different diet patterns have been implicated in the manage-
ment of different diseases. For example, ketogenic diets may be useful in the management
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of neurological conditions [57]. Furthermore, nutritional supplementation may have po-
tential in inflammatory biomarker control [58], and certain nutritional products may be
useful in managing macular degeneration [59,60]. Other authors have focused on the role
of gut microbiota in disease [61,62]. All these and other factors have been implicated in the
incidence and management of psoriasis. As such, in this section, we will explore the role of
oxidative stress, of diet and nutritional choices, of other supplements in general, and of
vitamin D supplementation in particular.

3.1. The Role of Oxidative Stress in the Pathogenesis of Psoriasis

Oxidative stress can be defined as an imbalance manifesting as a temporary or chronic
increase in the levels of free oxygen/nitrogen radicals resulting either from an increased
production or a decrease in the ability of antioxidant systems to eliminate them [63],
contributing to the pathogenesis of psoriasis.

Oxidative stress levels are measured by markers such as malondialdehyde (MDA),
total oxidative stress (TOS), oxidative stress index (OSI), catalase (CAT), myeloperoxidase
(MPO), ferroxidase (FOX), ischemia-modified albumin (IMA), paraoxonase-1 (PON-1),
total antioxidant status (TAS), and 8-hydroxy 2’-deoxyguanosine (8H2D) [18,64]. Other
useful markers include adipokines, namely adiponectin, leptin, visfatin, and resistin, due
to their immunomodulating action [63,65], as well as urinary biopyrins [63,66]. There
exist correlations between these markers and the severity of psoriasis, as measured by the
Psoriasis Area and Severity Index (PASI) [18,63,66]; higher oxidative stress levels were
associated with increased PASI scores. Out of all of them, the strongest correlation was
found to exist between MDA levels and PASI, highlighting its potential as a biomarker for
assessing psoriasis severity [67]. Thus, these findings support the theory that oxidative
stress plays a crucial role in the development and complications of psoriasis.

Antioxidant enzymes, such as superoxide dismutase (SOD) and CAT, play a crucial
role in reducing ROS levels, which are implicated in the pathogenesis of psoriasis [68-70]. A
deficiency in these enzymes can lead to oxidative stress, contributing to inflammation and
hyperproliferation of keratinocytes [43]. Therefore, maintaining or restoring the activity of
these enzymes may offer therapeutic benefits in managing psoriasis symptoms [18].

In patients with active psoriasis, the levels of antioxidant enzyme levels, particularly
SOD and CAT, are often reduced, indicating an impaired antioxidant defense system [18].
This deficiency can lead to increased oxidative stress, exacerbating inflammation and
skin lesions associated with psoriasis. Consequently, monitoring and potentially restoring
antioxidant enzyme levels may have therapeutic implications, offering a strategy to mitigate
oxidative damage and improve disease management [18].

Another study emphasizes systemic inflammation through redox mechanisms, show-
ing that oxidative stress associated with the development of psoriasis leads to oxidative
protein changes, including a wide range of lipid peroxidation products [71]; the authors
demonstrate that psoriasis-associated diseases can be effectively treated by inhibiting the
formation of lipid peroxidation product—protein adducts and adjusting their concentrations
during psoriasis therapy [71].

3.2. The Role of Diet in the Management of Psoriasis

Most studies agree that dietary patterns play a significant role in the management
of psoriasis [40,70,72-80], as various skin diseases and conditions can be prevented or im-
proved through changes in diet. Various dietary interventions, as well as single nutrients,
can positively impact the clinical presentation, severity, and course of the disease [81].
Hypocaloric diets as well as antioxidant-rich diets can promote weight loss, reduce oxida-
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tive stress, and improve both the severity and the response of the condition to systemic
treatments [40,73,76,82].

Since reducing caloric intake was found to alleviate symptoms [80,81], some forms of
fasting, such as intermittent circadian fasting [74,83,84] and TRE (time-restricted eating) [78],
may be promising in terms of their potential for symptom amelioration. This is in line
with findings that suggest that intermittent fasting is associated with beneficial effects on
autoimmune pathologies [74,83,84].

Generally, specialized diets, such as protein-restricted and vegetarian diets, may
suppress systemic inflammation and inhibit angiogenesis [73], creating a less favorable
environment for psoriasis. Diets rich in vegetables, with low or even zero animal protein
intake, when combined with appropriate nutritional supplementation, seem to be asso-
ciated with symptom amelioration in some patients, presumably due to their high fiber
content and low saturated fat intake [73]. Although they may be wrongly characterized
as risky for skin health due to nutritional deficiencies, such as lack of riboflavin (B2) and
vitamin A, well-devised vegan diets can nevertheless meet nutritional needs and benefit
inflammatory skin conditions like psoriasis, acne, and atopic dermatitis [85].

Elimination diets (e.g., gluten-free diet) may work for some patients, who report
improvement by eliminating specific foods that may trigger flare-ups [82,86-88]. Common
triggers include gluten-containing grains for those with gluten sensitivity or intolerance,
dairy products, refined carbohydrates, nightshade vegetables (like tomatoes and potatoes),
high-sugar foods, and processed foods [88]. However, these effects are individualistic;
what triggers one person’s condition may not affect another. Consequently, when it comes
to the totality of psoriatic patients, the benefits of a gluten-free diet are indeterminate [81].

The Mediterranean diet, which is rich in fruits and vegetables, provides polyphenols
and antioxidants that help combat oxidative stress. Antioxidants such as flavonoids, vita-
mins A, C, and E, and (3-carotene, along with oligo-elements like copper, manganese, zinc,
and selenium, may offer protective effects against intrinsic skin damage [89]. Interestingly,
it has been suggested that this diet’s beneficial effects can also be tied to changes in the gut
microbiota [90]. Overall, greater adherence to the Mediterranean diet is linked to less se-
vere forms of psoriasis and improved quality of life for patients [73,76,78,82,89,91,92]. The
Mediterranean-like model tested by Castaldo et al. [93] on obese, drug-naive patients in par-
ticular, consisting of a protein-sparing, very-low-calorie ketogenic diet, resulted in notable
alterations of PASI scores. While the Mediterranean diet sensu stricto may be considered
culturally specific to the Mediterranean region, its basic tenets and principles may be appli-
cable in a wide range of populations, irrespective of their nationality or residential region.
The effectiveness of the Mediterranean diet, but also of the ketogenic diet, in affecting pso-
riatic activity and the associated inflammatory markers is also corroborated by Lambadiari
et al. [94] and Katsimbri et al. [95]. It is worth mentioning, however, that the ketogenic
diet has been reported to have both ameliorating and exacerbating effects on psoriasis [96].
Apart from the presence of ambiguous data on this matter, it should also be mentioned that
ketogenic diets have a number of potential adverse effects, including nutrient deficiency,
fatigue, increased LDL cholesterol, or other chronic diseases [97,98]; therefore, a careful
risk-benefit assessment should be undertaken on a patient-by-patient basis.

At the opposite end of the spectrum, there are the high-fat diets, like the Western diet,
which may exacerbate the cutaneous manifestations, particularly through the action of
saturated fatty acids (SFAs), such as palmitic acid, due to enhancement of skin inflammation
via immune activation, independent of obesity [78,99].

Thus, this kind of fatty acid should be avoided in order to reduce psoriasis-related
inflammatory lesions at the level of the skin [72]. The opposite is true of unsaturated fatty

131



Medicina 2025, 61, 1296

acids, namely monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids, which
have been found to be able to decrease the risk of immunometabolic diseases. MUFAs,
such as oleic acid, which are found in extra-virgin olive oil, safeguard lipoproteins and
cell membranes from detrimental oxidative damage. PUFAs are divided into omega-3 and
omega-6 fatty acids. Patients should be encouraged to increase their intake of omega-3 fatty
acids (found in fish, flaxseed, and walnuts) since they can reduce inflammation [67,76,89].
Conversely, omega-6 fatty acids (commonly found in processed foods and vegetable oils)
are promoters of inflammation, and consumption of the associated food sources should
be restricted [43]. A cross-sectional study focusing on patterns of food consumption in
psoriasis patients illustrates this point by assessing Pattern 1, consisting mostly of processed
foods, and Pattern 2, being made up predominantly of fresh foods. Compliance with Pattern
2 was linked to normal serum lipids and blood pressure, a lower waist-to-hip ratio, and
decreased psoriasis (skin) activity [100]. In the same vein, Clark et al. [101] conclude that
the supplementation of omega-3 fatty acids leads to improvement of PASI score, as well as
of the erythema and scaling, though it remains uncertain whether they can help with other
signs and symptoms, like desquamation and itching. The beneficial nature of omega-3 fatty
acids is also supported by the fact that the Mediterranean diet, the effectiveness of which
was described previously, has a favorable omega-3 to omega-6 ratio [40].

As far as specific dietary instructions are concerned, according to the United States National
Institutes of Health Panel [102], the ideal ratio of omega-3 to omega-6 fatty acids should be
approximately 1:1.80, though other reports place it at a range of 1:30 to 1:50 [103-105].

Natural antioxidants can be used to treat inflammatory diseases, including psoriasis.
Because of its anti-inflammatory and antioxidant properties, it has been discovered that the
natural phytocannabinoid oil has been suggested as a treatment for psoriasis [106].

Similarly, it has been discovered that cannabidiol (CBD) can provide considerable
protection from UV-induced oxidative stress to skin cells [107,108], as, after applying
CBD to psoriatic skin, there was a decrease in proinflammatory mediators and relevant
proteins [107], and it induces metabolic alterations in keratinocytes [109]; other authors
report a decrease in keratinocyte proliferation [103,108]. Furthermore, psoriatic arthritis
patients report less pain when using CBD [75,108]. Although there is insufficient evidence
to confirm this, other antioxidant and anti-inflammatory substances, such as the lipid
extract of microalgae [69], are proposed as possible anti-psoriatic factors, their actions
being based on preventing lipid peroxidation products from interacting with proteins.
Regarding CBD, it must be stressed that this is not a risk-free substance, and a host of
adverse effects have been reported [110]; at the same time, more clinical trials on its use
in psoriasis patients must be designed, with the aim of elucidating the full spectrum
of its therapeutical value and its benefit-to-adverse-effect ratio. We must note that the
aforementioned CBD applications are mostly researched at a cellular level in vitro; however,
based on these encouraging results, several authors have explored its possible use as a
supplement [111,112].

Anti-inflammatory effects can be exerted by adhering to diets that include foods
such as fruits, vegetables, whole grains, fatty fish (rich in omega-3 fatty acids), nuts, and
seeds [85,87,89]. This is made possible due to their ability to assist in lowering oxidative
stress and modulating immune responses, having been associated with lower levels of
inflammation markers, such as C-reactive protein (CRP) [87].

As mentioned before, obesity is a known risk factor for psoriasis. This is because
adipose tissue produces adipokines, the proinflammatory action of which is implicated in
the pathophysiology of the condition, being able to bring about exacerbations [79]; hence,
this is why they are useful as markers [63,65]. As such, it can be said that adipokines play
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a crucial role in the relationship between obesity, psoriasis, and nonalcoholic fatty liver
disease (NAFLD); adiponectin, a hormone that promotes insulin sensitivity and fatty acid
oxidation, is closely associated with both psoriasis and NAFLD [113]. Therefore, weight
loss or weight management through any of the aforementioned balanced diet patterns can
lead to a decrease in blood serum inflammatory factors and consequently to significant
improvements in psoriatic symptoms [40,42,70,75,78,87]. Since high alcohol consumption
and smoking are associated with increased severity of psoriasis [105,114], studies also show
that reducing or excluding these substances can lead to improvements in skin health and
overall well-being [80,87].

3.3. The Role of Vitamin D in the Management of Psoriasis

Vitamins play a significant role in the treatment of mild to moderate psoriasis. Cur-
rently, various vitamins and their analogues are employed to manage these forms of
psoriasis, either administered individually or in combination with other medications [68].
Vitamins are essential in psoriasis treatment, with two primary therapeutic vitamins and
their derivatives being vitamin A and vitamin D [68].

Vitamin D, also called the sunshine vitamin, is mainly produced by the skin upon expo-
sure to UVB radiation [115]. It is then hydroxylated in the liver to form 25-hydroxyvitamin
D, or 25(0OH)D3, an inactive form of the vitamin, and undergoes further hydroxylation in
the kidneys to produce the biologically active form of vitamin D, calcitriol, or 1,25(OH)D3.
In order to ensure the required amount of vitamin D, it is necessary to expose the forearm
for 15-20 min to UV sunrays. A major problem is advanced technology, which induces
people to spend more and more time indoors, and this leads to a significant decrease in
vitamin D levels [116,117].

There are two main forms of this vitamin, ergocalciferol (vitamin D2) and cholecal-
ciferol (vitamin D3); only vitamin D3 is the bioactive form [118]. Few foods naturally
contain vitamin D, and they are primarily of animal origin [118]. Vitamin D2 is produced
by plants, but fruits and vegetables in the human diet contain only minimal amounts. The
best sources of vitamin D2 are nuts, whole cereals, and vegetables. Mushrooms provide
variable amounts of vitamin D2, which can be enhanced through ultraviolet light exposure
under controlled conditions [119]. In contrast, vitamin D3 is naturally found in certain
animal foods, particularly meat, egg yolk, butter, pork liver, and fatty fish such as salmon,
herring, and mackerel, as well as in fish oils [118].

Additionally, vitamin D3 is available through dietary supplements and is the form
present in vitamin D-fortified foods such as milk, orange juice, and cereals [118]. For-
tification with vitamin D is considered a promising and impactful strategy [120]. The
recommended daily dose of vitamin D3 for adults between 19 and 50 is 600 UI/day, while
for adults over 60, the International Osteoporosis Foundation recommends 800-1000 UI
per day [41].

Vitamin D’s properties have been investigated for decades in the treatment of psoria-
sis [121], as it plays a crucial part in the maintenance of the homeostasis of the cutaneous
barrier [118]. Various studies have explored the correlation between vitamin D-specific
receptors and susceptibility to psoriasis [122,123]; it has been discovered that the A-1012G
promoter polymorphism of the vitamin D receptor (VDR) gene is linked to an increased risk
of psoriasis due to reduced expression of VDR mRNA, which may contribute to changes
in the cutaneous barrier and the formation of psoriatic lesions [124]. Moreover, a reduced
expression of VDR and decreased tight junction proteins are commonly observed on the
skin of psoriatic patients [125,126]. Tight junctions are essential for regulating the adhesion
and permeability of keratinocytes, polarizing cutaneous cell differentiation, and managing
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the extracellular calcium gradient. They interact with nuclear and cytoplasmic proteins
and influence the regulation of specific genes involved in keratinocyte differentiation and
proliferation [41]. Thus, maintaining the skin barrier homeostasis is essential for maintain-
ing the tight junctions of epithelial and endothelial cells, which are under threat of being
dysregulated due to psoriasis, and it reduces the pathological inflammatory response. As
far as associated comorbidities are concerned, the study of Barrea et al. [41] suggests that
vitamin D deficiency in psoriasis may be linked to both obesity and cardiovascular disease.

Topical vitamin D is commonly prescribed, either alone or with topical corticosteroids,
for localized plaque psoriasis, showing good results [127]. Especially when combined with
vitamin D analogues, corticosteroids are more effective and provide remission for longer
periods of time when compared to monotherapy [94]. Those analogs are especially useful
for sensitive areas like the face and do not lead to tolerance like corticosteroids do. They
can be used indefinitely without serious side effects and are effective for both children and
the elderly [41]. A recent analysis showed that topical vitamin D treatments have similar
effectiveness to corticosteroids and even better results when combined with potent steroids,
showing a “steroid-sparing” effect [118]. That being said, the findings of Ford et al. [81]
suggest that oral vitamin D supplementation can help with psoriatic arthritis but not with
the skin-related manifestations. In a similar vein, according to Formisano et al. [128],
vitamin D supplementation does not affect PASI values in any notable way. Despite not
affecting the PASI values, vitamin D deficiency is considered a risk factor for psoriasis [128],
and, as mentioned earlier, while the cutaneous manifestations of psoriasis may be more
concerning from the point of view of quality of life, other manifestations of the disease may
benefit from such an intervention.

At any rate, in addition to its topical application, oral vitamin D supplementation
serves as an important adjunctive treatment option for patients with psoriasis [118]. Sec-
ondly, vitamin D supplementation may play a crucial role in the prevention of psoriasis-
related comorbidities, including hypertension [129] and metabolic syndrome [120], the
latter being correlated with vitamin D deficiency [130]. Furthermore, its derivatives are
capable of ameliorating the efficacy of phototherapy without causing any unwanted side
effects [131].

3.4. The Role of Dietary Supplements in Psoriasis

Due to the potential side effects and benefits of simultaneous conventional and com-
plementary and alternative medicine (CAM) practices, alternative or integrative therapies
that may serve as substitutes or supplements to conventional treatment should be explored.
The positive impact of macro- and micronutrient supplementation on improving psoriasis
should be taken into account. The most frequently utilized oral dietary supplements among
psoriasis patients are fish oil, selenium, and zinc [132]. Studies show that the evidence for
zinc supplementation is controversial, yet supplements such as fish oil (omega-3 fatty acids)
and selenium have been found beneficial for psoriasis patients. Results on the effectiveness
of fish oil supplementation in psoriasis are ambivalent, with some reviews demonstrating
a benefit [67] and some a lack of effectiveness [133]. The dosages varied, with the average
being 4 g/day of eicosapentaenoic acid (EPA) and 2.6 g/day of docosahexaenoic acid
(DHA). These supplements should be taken for an extended period (1-6 months) to achieve
a noteworthy improvement in psoriasis. It was shown that consuming 6 ounces (170 g) of
fatty fish daily improved psoriasis compared to the intake of white fish [67].

As for vitamin D, studies reveal that while topical vitamin D is effective [79,89] in coun-
teracting inflammation at the skin level [79], oral supplementation is not recommended
for psoriasis treatment in adults with normal vitamin D levels [73]. As mentioned before,
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vitamin D supplementation may be beneficial in selected cases, particularly in those with
documented hypovitaminosis to prevent psoriasis-related comorbidities [76]. Topical ap-
plication of phytoestrogens like genistein, present in soybeans, ameliorated the symptoms
of psoriasiform dermatitis [99].

In addition, certain phytochemical compounds like Dunaliella bardawil (the richest
known source of the antioxidant 3-carotene), Tripterygium wilfordii (which contains bioactive
triptolides and terpenoids), Azadirachta indica (the neem tree), and Curcuma longa (turmeric)
are worth mentioning. Similarly, HESA-A is a compound produced in accordance with
traditional Persian medicine, comprising mineral, herbal, and animal (marine shrimp)
components, which has exhibited important benefits in clinical trials for improving psoriasis
severity [73]. It is predominantly an herbal formulation, with all of its constituents being
derived from the Apiaceae family; Kelussia odoratissima Mozaff. (wild celery) is paired
with Cuminum cyminum L. (cumin), while Apium graveolens L. (cultivated celery) is paired
with Carum carvi (C. carvi) L. (wild cumin) [73]. While more research is required in such
traditional medical schemes, from the point of view of documenting their efficacy and
their dosage and toxicity profiles, specifically in the case of HESA-A, there is a host of data
documenting its use in certain pathological states [134,135].

Finally, prebiotics and probiotics may help by reducing lipopolysaccharide production
and promoting a healthy gut microbiota, which can decrease inflammation [76,89,99,136-138].

4. Discussion

From all the aforementioned, it is evident that there exist numerous extrinsic factors
that can be modified in the context of psoriasis management. Perhaps the most important
aspect, from the point of view of pathophysiology and inflammation, is oxidative stress.
Oxidative stress, which can be caused by numerous factors [139-142], is under research for
its importance in several different pathologies [143]. Based on current evidence, in psoriatic
patients there is an impairment of most antioxidant mechanisms [18], and the adjustment
of lipid peroxidation may lead to improved outcomes [71]. Regarding the role of diet,
there are several interventions that can contribute to more favorable outcomes, such as
phytocannabinoid oil intake [106], reduced calorie intake, or elimination diets; specialized
diets may be of benefit for some patients (Table 1).

Table 1. Dietary and nutritional interventions and supplements, and their effects on psoriatic patients,
and some foods or dietary patterns that aggravating the disease are also presented.

Type of Intervention/Diet Scheme Results Year Reference
General Diet and Weight Loss Interventions
Weight loss via caloric Improvement of disease status in many patients in
- . . . . 2014 [42]
restriction or surgery conjunction with standard medical treatment
Weight loss via caloric restriction and increase in unsaturated Improvement of disease status and general health
S . o . 2015 [114]
fats and antioxidant intake condition of patients
Weight loss via different diet patterns Increase in dr1:1g pharmacoklnet1c§ and efflgl'ency and 2016 [40]
general improvement of patient condition
Weight loss via different diet patterns Increase in treatment efflcacy and improvement in the 2016 [113]
cardiovascular profile of the patients
Weight loss via diet modifications and a healthy lifestyle Improvement in PASI scores 2018 [73]
Weight loss via caloric re;)s:;z’ﬁtosn in overweight or obese Probability of reduction in disease severity
2018 [81]

Gluten-free diet only in patients with a proven gluten
sensitivity

Probably improvement in patient state
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Table 1. Cont.

Type of Intervention/Diet Scheme Results Year Reference
Intermittent circadian fasting Positive 1mp.ac.t on psoriasts 2019 [74]
and psoriatic arthritis
Adherence to a Mediterranean Decrease in a subjective and
. S . o 2019 [91]
diet scheme objective severity of psoriasis
Predominance of fresh instead of processed foods in diet Lower skin disease activity in many patients 2020 [100]
Weight loss and adoption of the Mediterranean diet patterns ]?ecrease of 1nﬂamm.at10n and 2021 [95]
improvement in patient state
Adoption of the Mediterranean diet Improvement in patient status in conjunction with 2022 [76]
standard medical treatment
Adoption of the Mediterranean diet Decreased severl ty of psoriasis 2023 [82]
and psoriatic arthritis
Intermittent fasting patterns Possible ef.fects in psoriasis and other autoimmune 2023 [84]
disorders of inflammatory nature
Adoption of the Mediterranean diet Potential anti-inflammatory benefit 2024 [92]
Combination of ketogenic and Mediterranean diets Reductlor.l of inflammatory 2024 [94]
and disease markers
Nutritional Supplementation
Supplementation with Zn, Se, (03, HESA-A, and other Various benefits in psoriatic patients (depending on the
. . . " 2018 [73]
botanical species supplements, patient condition, etc.)
Intake of proanthocyanidins (along with possible topical Possible correction of Th17/Treg cell imbalances, 2018 87]
application) keratinocyte overproliferation, and angiogenesis
03 supplementation Improvement of disease parameters in psoriatic patients 2019 [101]
Supplementation with oral probiotics Potential benefits in conjunction with standard medical 2022 76]
therapy
Vitamin D Supplementation
Oral vitamin D supplementation in deficient patients Prevention of psoriasis-related comorbidities 2018 [73]
Oral vitamin D supplementation in conjunction with weight Possible benefits to patients status if used along with
) 2018 [81]
loss standard medical treatment
Local In Vitro Cannabidiol Applications
Cannabidiol application in irradiated keratinocytes Reductlon. of 2 )fldatlve stress In cells 1sqlated from healthy 2020 [109]
individuals—possible protective effect
Cannabidiol application in 3D-cultured keratinocytes Protective effect of cannabidiol against irradiation 2021 [107]
Cannabidiol application in irradiated keratinocytes Possible protective effect against irradiation 2021 [108]
Aggravation of Psoriasis
Increased alcohol consumption Increased severity of psoriasis manifestations 2017 [105]
Increased saturated fatty acid intake Increase of skin inflammation 2018 [72]
Increased BMI Increased chances of psoriasis incidence 2019 [83]
Western-style diet, rich in sugars and fats Promotion of a pro.—lnﬂa.mmatory statelposmbly due to gut 2021 (75]
microbiota dysregulation
Western-style diet, rich in sugars and fats Immune aberration in the prot'iuctlon of pro-inflammatory 2021 [95]
cytokines
Poor dietary habits and alcohol abuse Increased chance of psoriasis incidence or increase in 2023 [80]

disease severity

Probably the most important role may be that of substances, phytochemicals in partic-
ular, which have concurrent antioxidant and anti-inflammatory properties; some such com-
pounds have already been explored as a potential management solution [73]. Other such
phytochemicals may be tried in the management of psoriasis, like kaempferol [144,145],
pinosylvin [146], compounds derived from black pepper [147,148], capsaicin [149,150], and
thymol [151]. Other recent concepts concern the role of probiotics and of gut microbiota
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in inflammation and disease [75,137,152,153]; the modification of gut microbiota may be
useful in the management of psoriasis [136,154-157] and surely represents an interesting
avenue for future research. Intestinal microbial dysbiosis has already been documented in
psoriatic patients [158,159], while the dysregulation of the skin microbiome has also been
proposed as a contributing factor [160].

In the introduction we have mentioned the influence of certain risk factors such
as smoking and stress on mortality and morbidity. Stress and obesity are intercon-
nected in many cases [161,162], and smoking often coexists with higher body mass index
(BMI) [163,164], even though this relationship is not causal. Therefore, it can be seen that
there is, most likely, an interplay between all these factors, directly or indirectly [165]; stress
leads to psoriasis exacerbation [166], in turn leading to more stress [167], in a vicious cycle
scheme. Therefore, the need for multidisciplinary management [168], including psycholog-
ical management, in such patients becomes apparent. Similar multidisciplinary approaches
have already been successfully tried in psoriatic arthritis [169,170]. Apart from such factors,
the multidisciplinary aspect should be focused on other aspects such as joint involvement
in psoriasis [171]; advanced modern concepts such as 3D printing applications [172-175]
can be considered in such cases.

A proper diet and exercise regimen will lead, in the absence of other metabolic patholo-
gies, to weight loss and the maintenance of a healthy physique. This is important when
considering the interplay between obesity and inflammation [176,177]. Even in psoriatic
patients, where there is persistent systemic inflammation, it follows that weight loss will be
correlated with an improvement of disease status. Finally, the role of hormonal imbalances
and treatment in psoriasis must be considered. In particular, hormonal imbalances may
alter the presentation and clinical course of psoriasis [178,179], while hormonal treatment
may be effective. For example, somatostatin treatment has been tried in the past with
mixed results [180,181]; perhaps the use of more modern somatostatin analogs [182,183]
should be more eagerly investigated in the future.

Even though the pathophysiology of psoriasis is extremely complex [184,185], there
exists a host of modifiable factors that can influence its development, severity, and impact
on quality of life. Altering dietary habits can greatly enhance the quality of life for pa-
tients, benefiting both psoriatic lesions and decreasing the likelihood of other associated
diseases. Though there are no national or international guidelines recommending a specific
nutritional approach to the management of psoriasis, several approaches may be tried
based on the data reported in this review, either as a general rule or on an individualized
patient-by-patient basis.

In considering the clinical significance of all the data herein presented, we must, at
first, emphasize that while the data on the reduction of oxidative stress using dietary
interventions are promising, in most cases there are additional steps which that be taken in
order to obtain statistically significant correlations in wide and diverse patient samples. On
the other hand, the wealth of encouraging data enables us to suggest that, pending further
research, the implementation of dietary interventions in a patient-by-patient case may be of
use at the moment. However, in certain cases, for example, when implementing ketogenic
diet schemes or administering herbal or traditional supplements, the medical personnel
should be mindful of potential adverse effects or toxicity.

The improvement in patient quality of life may be further increased by stress man-
agement and the elimination or reduction of other risk factors, which have already been
presented. Modifying such factors, especially based on patient decision, may lead to
self-empowerment, which can lead to better treatment outcomes [186,187].
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5. Conclusions

It can be concluded that the management and clinical course of psoriasis, while in
part depending on genetic factors, is mostly attributable to extrinsic factors. An important
aspect of such factors is nutrition; in the context of nutrition, there are various approaches
that have been tried, ranging from adopting different diet patterns to altering caloric intake
or administering supplements. Perhaps the most crucial implicated factors, which can be
modified by said interventions, are oxidative stress and obesity. Both are linked to and
influence inflammation, which is arguably the most prominent component in the majority
of psoriasis cases. Future studies should aim to expand on quantifying the influence of
such factors in the management and quality of life of such patients and on examining the
potential beneficial effects of other antioxidants, namely phytochemicals, in oral or topical
administration.
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Abbreviations

The following abbreviations are used in this manuscript:

25(OH)D3  25-hydroxyvitamin D

8H2D 8-hydroxy 2’-deoxyguanosine
CAM Complementary and alternative medicine
CAT Catalase

CBD Cannabidiol

CRP C-reactive protein

DHA Docosahexaenoic acid

EPA Eicosapentaenoic acid

FOX Ferroxidase

HLA Human leucocyte antigen

IMA Ischemia-modified albumin
MDA Malondialdehyde

MPO Myeloperoxidase

MUFA Monounsaturated fatty acids
NAFLD Nonalcoholic fatty liver disease
OsI Oxidative stress index

PASI Psoriasis area and severity index
PON-1 Paraoxonase-1

PUFA Polyunsaturated fatty acids
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SFAs Saturated fatty acids
SOD Superoxide dismutase
TAS Total antioxidant status
TOS Total oxidative stress
VDR Vitamin D receptor

WHO World Health Organization
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Abstract

Background and objective. Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculi-
tis (AAV) affects small- to medium-sized vessels and is characterized by the production of
ANCAs. The ANCA-negative term is used if the patient otherwise fulfills the definition
for AAV but has negative results on serologic testing for ANCAs. The objective of this
study was to compare ANCA-positive and -negative vasculitis patients and to evaluate
the main differences possibly related to the presence of ANCAs. Material and methods. A
cross-sectional study of 73 patients treated at the tertiary Rheumatology Centre of Uni-
versity Hospital from the 1 January, 2001, to the 31August, 2023, with diagnoses of AAV
was carried out. Clinical characteristics and laboratory data were collected at the onset or
at the first year of the disease. Results. Forty-eight (65.8%) patients were ANCA-positive,
while twenty-five (34.3%) were ANCA-negative. Distribution by gender was similar in
both groups, with a female-male ratio of 2:1. C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR) were elevated for all AAV patients, but values were higher in the
ANCA-positive patients” group. The median hemoglobin was 106 g/L in the seropositive
group and 127 g/L in the seronegative group. A higher prevalence of kidney involvement
(60.4%) with elevated serum creatinine level (93.5 umol/L) was observed in the ANCA-
positive group compared with 24% and 70 pmol/1 in the ANCA-negative group (p < 0.05).
Neurological involvement was more frequently found in the ANCA-positive patient group,
too: 29.2% compared to 20%. Among patients with ANCA-negative vasculitis, 88% had
pulmonary; 92% ear, nose, throat (ENT); 48% joint; and 28% skin presentation. In com-
parison, involvement of these organs was less common in the ANCA-positive patients’
group, at 79.2%, 60.4%, 31.3%, and 25 %, respectively. Conclusions. ANCA-positive pa-
tients appear to be in a more difficult clinical situation in terms of organ involvement and
laboratory changes.

Keywords: ANCA-associated vasculitis; ANCA-positive; ANCA-negative

1. Introduction

Small vessel vasculitis is a rare disease affecting predominantly small- to medium-
sized vessels, resulting in occlusive, stenotic, or aneurysmal changes that lead to ischemic
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or hemorrhagic events [1]. Anti-neutrophil cytoplasmic antibody (ANCA)-associated vas-
culitis (AAV) affects small- to medium-sized vessels and is characterized by the production
of antibodies specific for myeloperoxidase (MPO-ANCA) or proteinase-3 (PR3-ANCA). The
ANCA-negative term is used if the patient otherwise fulfills the definition for AAV but has
negative results on serologic testing for ANCAs. The main AAV clinicopathologic types are
granulomatosis with polyangiitis (GPA), microscopic polyangiitis (MPA), and eosinophilic
granulomatosis with polyangiitis (EGPA) [2]. PR3-ANCA is mostly associated with GPA,
whereas MPO-ANCA is predominantly found in MPA patients. MPO-ANCA-positive
vasculitis mainly affects lungs and kidneys, less frequently eyes, ear, nose, and throat, while
PR3-ANCA-positive vasculitis is characterized by predominant involvement of the upper
respiratory tract [3]. Miloslavsky et al. reported that ANCA-negative patients with a lower
Birmingham Vasculitis Activity Score for GPA than PR3-ANCA-positive patients have a
lower prevalence of renal involvement [4]. EGPA is commonly associated with asthma,
rhinosinusitis, and peripheral eosinophilia. Although EGPA is classified as AAV, only 30%
to 40% of cases are ANCA (mostly MPO)-positive [5]. Furthermore, geographic location
and ethnicity influence differences in clinical presentations of patients with AAV, and the
predominant ANCA type also varies geographically [6-8]. Overall, AAV commonly causes
life-threatening organ damage, with a reported 5-year mortality rate of 28% and significant
long-term morbidity in survivors [9]. Although more recent studies show a significant im-
provement in survival, with a 5-year survival rate of 94.5% [10], mortality in AAV patients
is still 2.7-fold increased compared to the general population [11]. ANCA seropositivity
is one of the factors influencing unachieved remission, relapse, renal involvement, and
overall survival [12]. Additionally, ANCA positivity is often used in AAV diagnostic
algorithms. In 2022, the American College of Rheumatology (ACR)/European League
Against Rheumatism (EULAR) developed and approved new classification criteria that
increased the weight of ANCA seropositivity [13—-15]. On the other hand, although ANCA
is helpful in diagnosing AAV and in selecting a homogeneous population for clinical trials,
according to the revised 2017 international consensus on ANCA testing, the diagnosis of
AAV should be based primarily on clinicopathological features [16]. Furthermore, using
newer criteria with higher ANCA weighting, classification of two AAVs may occur [17].
The goal of this study was to describe the similarities and differences between ANCA-
positive and -negative patients who were treated at the tertiary Rheumatology Centre of
the University clinic.

2. Materials and Methods

A cross-sectional study of patients treated at the tertiary Rheumatology Centre of Uni-
versity Hospital from the 1 January 2001, to the 31 August 2023, with diagnoses of AAV was
carried out. Data for the study were collected from electronic documents in the Electronic
Medical Record of the University Hospital and from the documentation in the Rheuma-
tology Center. The diagnoses were confirmed by clinical evaluation, serological ANCA
testing, and histological analysis and fulfilled the requirements of the GPA, MPO, and
EGPA nomenclature according to the revised criteria of the Chapel Hill consensus 2012 [2].
The ANCA-negative term was used if the patient otherwise met the definition for AAV
but had negative results on serologic testing for ANCAs. Data on demographics (gender,
age at the time of diagnosis), clinical characteristics (organ involvement), and laboratory
data (C-reactive protein, erythrocyte sedimentation rate, hemoglobin level, white blood cell
count, ANCA test result, serum creatinine level, and the growth of Staphylococcus aureus
in the nasopharynx) was collected. ANCA positivity in the first patients enrolled in the
study was determined by indirect immunofluorescence (IFL) that indicated c-ANCA or p-
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ANCA. Subsequently, enzyme-linked immunosorbent assays (ELISAs) showing anti-PR3 or
anti-MPO ANCAs were also used together with IFL to determine ANCA positivity. Kidney
involvement was defined as proteinuria, hematuria, elevated serum creatinine level, or by
histopathological findings of pauci-immune necrotizing glomerulonephritis. Joint involve-
ment was defined as arthralgia or arthritis, in some cases accompanied by myalgia. Lung or
lower respiratory tract damage was determined if computed tomography (CT) or fiberoptic
bronchoscopy (FBS) confirmed tracheal stenosis, bronchial stenosis, pleuritis, mucosal
ulceration, granulomatous inflammation of the lower respiratory tract, signs of pulmonary
hemorrhage, ground glass opacities, and/or foci in the lungs. Established bronchial asthma
was also considered lung damage. Some cases of lower respiratory tract involvement were
confirmed by histopathological findings of granulomatosis with polyangiitis or necrotizing
granulomatous inflammation. ENT or upper respiratory tract involvement was assessed
if rhinitis, sinusitis, otitis, epistaxis, hemoptysis, nasal septal ulcer, defect, perforation, or
laryngeal stenosis was detected. Some cases of upper respiratory tract involvement were
confirmed by histopathological findings of granulomatous or eosinophilic inflammation.
Polyneuropathy or mononeuropathy was defined as neurological damage.

Clinical and laboratory data was collected at the onset or at the first year of the
disease. We divided patients into two categories: seropositive (PR3-ANCA, c-ANCA, or
MPO-ANCA, p-ANCA) and seronegative for ANCA. The patient was considered ANCA-
positive if an ANCA-positive result was obtained at least once in cases where several
tests were performed within the first year of diagnosis in order to rule out the influence
of the immunosuppressive treatment on the ANCA positivity rate. Seroconversion later
than 1 year from the date of diagnosis was not considered. For comparisons of numerical
variables, we applied the Mann-Whitney U-test, and the Chi-square test was applied for
associations of categorical variables. A p value < 0.05 was considered to be statistically
significant. The study was approved by Vilnius Regional Bioethics Committee (approval
number 158200-17-958-462). The study received a waiver for an informed consent form to
be signed by participants.

3. Results

We analyzed 73 patients with a diagnosis of AAV: according to the 2012 Chapel Hill
consensus criteria, GPA was diagnosed in 54.8% (40), MPA in 23.3% (17), and EGPA in
21.9% (16) of cases; 65.8% (48) had an ANCA-positive test, while in 34.3% (25) patients,
ANCA was not detected. The distribution of ANCA-positive and ANCA-negative patients
according to different AAV diagnoses was different in the study groups: according to the
2012 Chapel Hill consensus criteria, 48% (12) of ANCA-negative patients were diagnosed
with GPA, 12% (3) with MPA, and 40% (10) with EGPA, while in the ANCA-positive group,
58.3% (28) of patients were diagnosed with GPA, 29.2% (14) with MPA, and only 12.5% (6)
with EGPA. The distribution of study groups according to different AAV diagnoses and
seropositive MPO-ANCA and PR3-ANCA patients in each AAV subgroup is shown in
Table 1.

Considering the distribution of seropositive patients in each AAV disease group, PR3-
ANCA was more prevalent in the GPA and EGPA groups, while MPO-ANCA was more
prevalent in the MPA group

The mean age at the time of diagnosis was 48.8 years in the ANCA-positive group,
similar to the ANCA-negative group—48.5 years, with MPA seronegative patients being
the oldest at disease onset. Distribution by gender was similar in both groups, with a
female-to-male ratio of 2:1. Interestingly, differences in the distribution of patients by
gender were found in the AAV subgroups: all MPA-negative patients were female, while
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males were less likely to be seropositive than negative in the GPA group. The clinical and
demographic characteristics of the studied groups are shown in Tables 2 and 3.

Table 1. Distribution of ANCA-positive and ANCA-negative patients according to different

AVV diagnoses.
ANCA+ ANCA-—-
MPO+ or PR3+ or Undifferentiated
p-ANCA c-ANCA ANCA
GPA according to 2012 Chapel Hill
consensus criteria, n = 40 (%) 3(75) 24 (60) 1@25) 12 (30)
MPA according to 2012 Chapel Hill
consensus criteria, n = 17 (%) 8 (47.1) 5(29.4) 169) 3(17.6)
EGPA according to 2012 Chapel Hill 2(12.5) 4(25) . 10 (62.5)

consensus criteria, n = 16 (%)

ANCA—anti-neutrophil cytoplasmic antibody, AAV—ANCA-associated vasculitis, GPA—granulomatosis with
polyangiitis, MPA—microscopic polyangiitis, EGPA—eosinophilic granulomatosis with polyangiitis.

Table 2. The descriptive statistics of clinical and demographic patients’ characteristics and laboratory
test results at the onset of the disease.

ANCA+
(PR3-ANCA, c-ANCA or ANCA - p-Value
MPO-ANCA, p-ANCA)

Demographic characteristics

Female, 1 (%) 32 (66.7) 17 (68.0)
Male, 1 (%) 16 (33.3) 8(32.0)
Mean age at diagnosis (=SD) 48.8 (£11.9) 48.5 (+£14.4)
Median age at the time of diagnosis 51 48
Clinical manifestation
Pulmonary involvement, 1 (%) 41 (85.4) 22 (88.0) 0.7607
Kidney involvement n (%) 29 (60.4) 6 (24.0) 0.0031
Kidney biopsies performed 7 (%) 25 (52.1) 5(20) 0.0082
ENT involvement n (%) 37 (77.1) 23 (92.0) 0.1139
Skin involvement 1 (%) 12 (25.0) 7 (28.0) 0.7816
Joint involvement 1 (%) 19 (39.6) 11 (44.0) 0.7150
St. aureus from the swab n (%) 7 (14.6) 4 (16.0) 0.8724
Neurological involvement 1 (%) 14 (29.2) 5 (20) 0.3970
Laboratory tests
Serum CRP level, mg/L 0.3457
Median 33.5 21.0
Minimum 0.3 0.2
Maximum 279.0 310.0
ESR, mm/h 0.96
Median 51.5 425
Minimum 2 5
Maximum 120 120
WBC 0.5226
Average (+£SD) 11.24 (£8.5) 10.23 (£3.9)
Median 9.1 9.6
Minimum 2.9 4.6
Maximum 45.7 18.6
Hemoglobin, g/L 0.00007
Average (£SD) 106 (£18.2) 127 (£19.9)
Median 106 130
Minimum 70 81
Maximum 137 167
Serum creatinine level, umol/L 0.058
Median 93.5 70.0
Minimum 33 58
Maximum 1058 493

ANCA—anti-neutrophil cytoplasmic antibody; ENT—ear, nose, throat; CRP—C-reactive protein;
ESR—erythrocyte sedimentation rate; WBC—white blood cell count; SD—standard deviation.
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Table 3. Differences between AAV subgroups based on ANCA seropositivity in terms of demograph-
ics and organ involvement.

GPA MPA EGPA
ANCA+ ANCA- ANCA+ ANCA - ANCA+ ANCA -

Demographic characteristics

Female, n (%) 20 (71.4) 7 (58.3) 8 (57.1) 3 (100) 4 (66.7) 7 (70)
Male, 1 (%) 8 (28.6) 5 (41.6) 6 (42.9) 0 (0) 2 (33.3) 3 (30)
Mean age at diagnosis 48.14 48.89 47.45 56.52 54.84 45.63
Med'lan age at the time 51 48 51 49 50 48
of diagnosis
Clinical manifestation
Pulmonary involvement, 1 (%) 27 (96.4) 11 (91.7) 9 (64.3) 2 (66.7) 5(83.3) 9 (90)
Kidney involvement, 1 (%) 16 (57.1) 3(25) 13 (92.9) 3 (100) 0(0) 0(0)
ENT involvement, n (%) 26 (92.9) 12 (100) 6 (42.9) 3 (100) 5(83.3) 8 (80)
Skin involvement, 1 (%) 7 (25) 0(0) 4 (28.6) 2 (66.7) 1(16.7) 5 (50)
Joint involvement, 1 (%) 12 (42.9) 4(33.3) 5(35.7) 1(33.3) 2 (33.3) 6 (60)
Neurological involvement, nn (%) 6 (21.4) 2 (16.7) 4 (28.6) 1(33.3) 4 (66.7) 2 (20)
GPA—granulomatosis with polyangiitis, MPA—microscopic polyangiitis, EGPA—eosinophilic granulomatosis

with polyangiitis.

The difference in kidney involvement was statistically significant between the groups,
with higher incidence in the ANCA-positive group; 60.4% (29) of patients with positive
ANCA serology had signs of kidney involvement, whereas only 24.0% (6) of ANCA-
negative patients featured with kidney damage (p-value—0.0031). The difference was
most significant in the GPA patient subgroup (p-value—0.0621). Renal involvement was
confirmed by histopathological findings of pauci-immune necrotizing glomerulonephritis
in 52.1% (25) of ANCA-positive patients, compared to 20% (5) of ANCA-negative patients.
On the contrary, upper and lower respiratory tract involvement was present more often in
the seronegative group: 92.0% (23) of patients had ear, nose, and throat (ENT) involvement
and 88.0% (22) had pulmonary involvement, compared with 77.1% (37) and 85.4% (41) in
the seropositive group. However, in the GPA subgroup, lung involvement was slightly
more frequently found among ANCA-positive patients: 96.4% (27) compared to 91.7% (11).
In the seronegative group of patients, airway stenosis was also found more frequently:
16% (4) compared to 6.25% (3). Furthermore, more patients with bronchial asthma were
found in the ANCA-negative patient group: 28% (7) compared to 10.4% (5) in the ANCA-
positive patient group, reflecting the more frequent diagnosis of EGPA in this group.
Overall, respiratory histopathological changes supporting the diagnosis of AAV were
found in 40% (10) of ANCA-negative patients and 31.25% (15) of ANCA-positive patients,
confirming that respiratory lesions were more common in the seronegative patient group.
Due to the relatively small sample size, statistical significance was not found; however,
clinical difference was noted. There was no clinical and statistical significance noted for
other organ involvement: 28.0% (7) of the patients in the ANCA-negative group had
skin involvement, similar to 25.0% (12) in the ANCA-positive group. Arthralgia/arthritis
was more frequent in ANCA-negative patients: 44.0% (11) compared to 39.6% (19) in the
ANCA-positive group, but the result was not statistically significant, either. On the contrary,
polyneuropathy or mononeuritis, assessed as a neurological system disorder, was more
frequently found in the ANCA-positive patient group: 29.2% (14) compared to 20% (5), but
the difference was not statistically significant. In the subgroup of GPA patients, damage
to all assessed organ systems, except for ENT, was more often found among seropositive
patients. The trend was not observed in the MPA and EGPA patient groups; on the contrary,
skin involvement in both groups, ENT involvement in MPA patients, and joint damage in
EGPA patients were more prevalent in the ANCA-negative group.
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Laboratory indicators of inflammatory activity were elevated in both groups, with
higher levels in the ANCA-positive group. The CRP median was 33.5 mg/L and ESR me-
dian 51.5 mm/h in the seropositive patient group compared to 21.0 mg/L and 42.5 mm/h in
the seronegative group. Moreover, WBC was equally elevated in both the ANCA-positive
and ANCA-negative groups: 9.1 x 10°/L and 9.6 x 10°/L, respectively. The difference in
decreased hemoglobin levels, indicative of anemia, was statistically significant between
groups. The median hemoglobin was 106 g/L in the seropositive group, in comparison to
127 g/L in the seronegative group. Furthermore, the serum creatinine level was higher in
the ANCA-positive patients’ group, with a median of 93.5 pmol/L (minimum 33; maxi-
mum 1058) compared with a median of 70.0 pmol/L (minimum 58; maximum 493) in the
ANCA-negative group; the difference was close to significance. Laboratory test results are
also shown in Table 2.

4. Discussion

In 2022 ACR/EULAR developed and validated new classification criteria for GPA [13],
MPA [14], and EGPA [15] that have improved sensitivity and specificity compared to
previous criteria. According to the literature, the concordance rate between the new and
previous criteria is 96.6% in the MPA group, 73.8% in the GPA, and 86.3% in the EGPA, with
ANCA being the main discriminator [17]. However, newer criteria have been approved for
the purpose of classifying vasculitis, which should be applied once the diagnosis is made
to ensure that a homogeneous population is selected for clinical trials and research studies
and that they are not appropriated for use in establishing a diagnosis of vasculitis [13].

This study was conducted to evaluate the similarities and differences between ANCA-
positive and -negative patients with vasculitis, focusing on clinical characteristics and
laboratory findings at the onset of the disease; therefore, we used the revised Chapel Hill
consensus 2012 criteria for vasculitis nomenclature.

We found the most prominent differences in kidney damage were more likely in
the ANCA-positive group, as well as lower hemoglobin levels found in this group. The
patients were divided into two groups according to ANCA serology at the onset of the
disease. Seroconversion was not taken into account. According to studies, either MPO-
ANCAs or PR3-ANCAs are present in 90% of patients with GPA, MPA, or EGPA [18,19];
on the contrary, our cohort consists of 65.8% seropositive and 34.3% seronegative patients,
indicating that more diagnoses were made based on clinicopathological features rather
than a positive ANCA test. Although GPA was the most frequently detected AAV in both
groups, accounting for 48% (12) in the ANCA-negative group of patients and 58.3% (28)
in the ANCA-positive group of patients, there was a clear difference in the distribution
of EGPA and MPA patients between the groups. In the group of seronegative patients,
EGPA accounted for 40%, but in the group of seropositive patients, only 12.5%; on the
contrary, MPA accounted for 12% and 29.2%, respectively. Our findings on the distribution
of different AAVs in the groups support the findings of previous studies that patients
diagnosed with EGPA are more likely to be ANCA-negative [5]. Overall, in our study,
37.5% of EGPA patients were ANCA-positive, while 70% of GPA patients and 82.4% of
MPA patients were seropositive.

Although according to studies AAV is more common in men than in women, with
a prevalence ratio between 1.07:1 and 1.48:1 and the peak incidence of vasculitis is at
the age of 60-79 years [20,21], we estimated higher prevalence in women in both ANCA-
positive and ANCA-negative groups: our estimated female-to-male prevalence ratio in
both groups is 2:1. Moreover, we have found a younger age of the patients at the onset of
the disease—48.8 years for ANCA-positive and 48.5 years for the ANCA-negative group.
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As shown by others and confirmed by our data, ANCA positivity is related to higher
disease activity characterized by elevated inflammatory markers, decreased hemoglobin,
and higher prevalence of renal involvement [4,9,12]. Furthermore, elevated baseline CRP at
the onset of AAV disease has been observed to be predictive of renal damage and poor long-
term outcome, a trend particularly associated with MPO-ANCA seropositivity [22]. We
have found that laboratory inflammatory indicators CRP and ESR are elevated for all AAV
patients, but values are higher in the ANCA-positive patients” group. Due to the relatively
small group, our estimated difference was not statistically significant. Higher prevalence
of kidney involvement (60.4%) and elevated serum creatinine level (93.5 umol/L) were
observed in the ANCA-positive group, compared with 24.0% and 70.0 pmol/L in the
ANCA-negative group.

On the contrary, ENT, pulmonary, skin, joint, and neurological involvement were not
statistically different between the groups, confirming the results of previous studies and
revealing that ANCA titers are more predictive of renal disease activity than nonrenal
disease activity [23]. On the other hand, an inconspicuous difference in organ involvement
between groups was established in our study. In our cohort, 88.0% of patients with ANCA-
negative vasculitis had pulmonary, 92.0% ENT, 44.0% joint, and 28.0% skin presentation; in
comparison, involvement of these organs was less common in the ANCA-positive patients’
group: 85.4%, 77.1%, 39.6%, and 25.0%, respectively. ANCA-positive patients were more
likely to experience neurological symptoms, as polyneuropathy or mononeuropathy was
observed in 29% of this group of patients compared with 20% of ANCA-negative patients.
Analyzing separate disease subgroups, we have noted that in the GPA patients” group,
organ damage, except for ENT, was more prevalent among seropositive patients. The trend
was not observed in MPA and EGPA patients’ groups, although, due to the small number
of patients in each group, the statistical significance of the trend was not noted.

However, we did not take into account other organ involvement; AAV can involve any
organ system, such as orbital structures, genitals, gastrointestinal, or cardiovascular [24].

AAV has complex symptomatology, and the specificity of ANCAs is limited. This
might be explained by studies revealing that some ANCAs are more pathogenic than others,
depending on the epitope specificity of the antibody [25]. Therefore, not the presence of
ANCAs but their specificity might help predict relapse of AAV [26]. Furthermore, in some
of these patients, laboratory tests for ANCAs can give false-negative results because of
fragments of ceruloplasmin binding to the ANCAs in the serum [27].

This study focused on seropositivity rather than ANCA type. Moreover, since the first
included patients were diagnosed with AAV as early as 2001, and the study analyzed only
data from disease onset, ELISA testing was not available at that time; therefore, we do not
have MPO and PR3 test results for some patients. This is a rather significant limitation
of our study because, as mentioned in the literature, the ANCA type is closely related to
the clinical presentation and prognosis, as patients with PR3-ANCA have more organs
involved compared to patients with MPO-ANCA, resulting in a faster deterioration of
renal function and more frequent relapses of the disease [26,28]. Moreover, a recent review
of AAV relapse prognostic factors defined low- and high-risk relapse subgroups: women
who are anti-PR-3 negative, with high creatinine levels and no ENT involvement, have a
lower risk of exacerbation compared with men who are PR-3 positive, with low creatinine
levels and ENT involvement [26]. On the other hand, some studies have revealed the
opposite, that the type of disease (GPA or MPA) rather than the type of ANCA is more
closely associated with relapse [4,29].

Furthermore, our study was limited by its single-center, retrospective character, based
on hospital records where not every single clinical feature may have been recorded.
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5. Conclusions

Our results support that diagnosis should be based on clinical features rather than
ANCA assay results, as the differences in involvement of most organ systems between
ANCA-positive and -negative patient groups were not statistically significant. However,
ANCA-positive patients appear to be in a more difficult clinical situation in terms of
kidney involvement and laboratory changes. Renal involvement should be at the fore-
front of clinical attention from the onset of the disease, followed by careful monitoring
and management.
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