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Rheumatic diseases encompass a group of disorders that primarily target the mus-
culoskeletal system, including joints, bones, muscles, and connective tissue. Common
rheumatic diseases, such as rheumatoid arthritis (RA), systemic lupus erythematosus (SLE),
primary Sjogren’s syndrome, and ankylosing spondylitis (AS), are chronic diseases that
result in the dysregulation of the immune system [1]. These diseases often involve multiple
organ systems, leading to significant morbidity and mortality among those diagnosed
with rheumatic diseases [2,3]. Managing these diseases presents challenges not only for
physicians but also for rheumatologists. The COVID-19 pandemic further complicated the
management of patients with rheumatic diseases [4].

This Special Issue of Medicina, entitled “Rheumatic Diseases: New Progress in Clinical
Research and Pathogenesis”, features ten articles focusing on applying standard Western
medications, Chinese medicine, and complementary therapies to patients with rheumatic
diseases, increasing incidence of morbidity of these diseases, and changing mortality rates
during the COVID-19 pandemic period, representing critical issues within the field.

Téllez Arévalo et al. [5] have provided us with a comprehensive review concerning
the mechanism of action, efficacy, safety, and, most importantly, monitoring parameters
of important synthetic drugs used in the treatment of SLE. SLE serves as a prototype for
systemic autoimmune diseases. This article provided a valuable resource for physicians
seeking to become familiar with SLE treatment. In addition to traditional immunosuppres-
sants, biologic agents such as rituximab and belimumab are recommended for patients
with SLE who demonstrate inadequate responses to standard therapies [6]. Capdevila
et al. examined the characteristics and the predictive factors of rituximab and belimumab
use in real-world practice among patients with SLE [7]. They found that rituximab was
primarily used for conditions like hemolytic anemia or thrombocytopenia, lupus nephritis,
and neuropsychiatric lupus, whereas belimumab was mainly used for arthritis. Currently,
more biologic agents, such as anifrolumab, are available [8]. The integration of biologics
could enhance the clinical outcomes for those with SLE.

Besides Western medicine, Chinese medicine and complementary therapies have
been extensively investigated for their potential use in treating rheumatic diseases [9,10].
Liao et al. demonstrated that patients with RA using Chinese medicine could reduce
the risk of developing Sjogren’s Syndrome, a common extra-articular manifestation of
RA [11]. Regarding complementary therapy usage, our previous study found that more
than 85% of Taiwanese patients with SLE used complementary therapies on a regular
basis [12]. We found that different clinical manifestations of SLE were associated with
the use of specific complementary therapies. For example, Raynaud’s phenomenon was
significantly associated with fitness walking or strolling, and fish oil supplements. In
contrast, photosensitivity was associated with probiotics and white renal involvement,
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with both probiotics and visits to the Chinese medicine department in hospitals [13]. These
associations might guide future research toward possible efficacious therapies for SLE.

Mahmoud et al. evaluated Siwan sand therapy, a traditional treatment in Egypt for
alleviating joint pain. They found that five days of Siwan traditional therapy could reduce
inflammation, improve the lipid profile, and enhance the quality of life in patients with RA
compared to those receiving only three days of this therapy [14]. Although a systematic
review indicated that limited evidence supports the therapeutic effect of hot sand baths on
symptoms and functionality in patients with rheumatic diseases [15], the potential impact
of hot sand baths on cardiovascular diseases and quality of life in patients with RA merits
further study.

Cardiovascular disease is an important cause of death in patients with rheumatic
diseases [16]. Bedekovi¢ et al. reviewed the effect of RA on the cardiovascular system [17].
They concluded that chronic inflammation and some medication for treating RA could ac-
celerate atherosclerosis, and that maintaining long-term remission using novel therapeutic
agents in RA may prevent cardiovascular events. Chronic lung disease is another leading
cause of morbidity and mortality in patients with rheumatic diseases. Recently, the associa-
tion between RA and the airway has been reported [18]. It is known that anti-melanoma
differentiation-associated gene 5 (MDAJ) antibodies (Abs) are linked with amyopathic
dermatomyositis developing into rapidly progressive interstitial lung disease (ILD). Higher
levels of anti-MDAJ5 Abs were found in RA patients with airway disease compared to those
without [19]. Investigating the role of anti-MDAS5 Abs in the pathogenesis of lung diseases
in patients with rheumatic conditions can be a fruitful avenue of research.

Bones and joints are often the direct targets of rheumatic diseases, and it is unsurprising
that patients with rheumatic diseases are seriously affected by joint deformity and bone
damage. These individuals may experience a higher likelihood of undergoing orthopedic
surgeries. Chen et al. revealed that patients with RA had an increased risk of receiving
lumbar spine surgery, with older age and concurrent osteoporosis as risk factors [20]. Our
group has been investigating this issue for years, summarizing the risks associated with
four common orthopedic surgeries, including total knee replacement, total hip replacement,
cervical spine surgery, and lumbar spine surgery, in prevalent rheumatic diseases including
RA, SLE, AS, and psoriasis [21]. Given that joint deformity and bone damage in rheumatic
patients take time to develop, we hope that the implementation of biologic agents and a
treat-to-target strategy could minimize the need for orthopedic surgeries.

The recent COVID-19 pandemic has significantly impacted global health, including
those with rheumatic diseases who have impaired immunity. Therefore, COVID-19 infec-
tions undoubtedly affect their clinical outcomes. Dadoniené et al. found that patients with
rheumatic diseases had a lower mortality rate than expected in Lithuania [22]. Stringent
lockdown measures, social distancing, and early vaccination can reduce the incidence of
influenza and other infectious respiratory diseases. Though most restrictions have lifted
with the end of the COVID-19 pandemic, continuing personal protective behaviors like
handwashing, wearing masks, and regular vaccination is vital to prevent infections that
could be fatal for those with weakened immunity.

The articles published in this Special Issue offer fresh perspectives on the clinical
care of patients with rheumatic diseases. Rheumatologists can benefit from these insights,
leveraging them to reduce patient morbidity and mortality.

Author Contributions: Conceptualization, M.K. and M.-C.L.; methodology, M.-C.L.; writing—
original. preparation, M.-C.L.; writing—review and editing, M.K. and M.-C.L.; funding acquisition,
M.-C.L. All authors have read and agreed to the published version of the manuscript.
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Abstract: The pharmacological treatment of systemic lupus erythematosus (SLE) aims to decrease
disease activity, progression, systemic compromise, and mortality. Among the pharmacological
alternatives, there are chemically synthesized drugs whose efficacy has been evaluated, but which
have the potential to generate adverse events that may compromise adherence and response to
treatment. Therapy selection and monitoring will depend on patient characteristics and the safety
profile of each drug. The aim of this review is to provide a comprehensive understanding of the
most important synthetic drugs used in the treatment of SLE, including the current treatment options
(mycophenolate mofetil, azathioprine, and cyclophosphamide), review their mechanism of action,
efficacy, safety, and, most importantly, provide monitoring parameters that should be considered
while the patient is receiving the pharmacotherapy.

Keywords: immunosuppressant agent; glucocorticoid; antimalarial drug; efficacy; safety; systemic
lupus erythematosus

1. Introduction

The pharmacological treatment of systemic lupus erythematosus (SLE) aims to de-
crease disease activity, progression, systemic compromise, and mortality, thus improving
patient quality of life [1]. However, all pharmacological alternatives can potentially precipi-
tate adverse reactions, which is why risk management programs that evaluate the safety
and efficacy of treatments must be an integral part of the selection and during therapy.
A wide variety of drugs are available; therapy choice depends on many diverse factors,
such as organ systems compromised, disease activity, previous therapy response, desire for
parenthood, pregnancy or lactation, contraindications, and therapy adherence [2,3].

Non-adherence to drug therapy in SLE patients is a significant obstacle, as it ranges
between 3-76% of patients and is associated with disease progression and increased mor-
bimortality [4]. Education of all SLE patients at the time of diagnosis regarding the disease,
the selected drugs, and non-adherence consequences is predicted to play a vital role in
circumventing therapy non-adherence [3].

This section aims to provide a general description of chemically synthesized pharmacolog-
ical agents for SLE treatment, emphasizing their safety margins and monitoring parameters.

Medicina 2023, 59, 56. https:/ /doi.org/10.3390/ medicina59010056
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2. Antimalarial Drugs

Chloroquine (CQ) and hydroxychloroquine (HCQ, a hydroxylated analog of CQ) are
chemically synthesized disease-modifying drugs derived from alkaloids found in the cortex
of Chinchona officinalis [5]. CQ and HCQ were synthesized in 1934 and 1950, respectively,
and approved by the FDA for medical use in 1949 and 1955, respectively. Their anti-
inflammatory and immunomodulatory effects underlie their effectiveness in treating SLE
and other immunopathological diseases [6].

CQ and HCQ are lipophilic drugs that enter cells by simple diffusion. Their basic side
chains concentrate in acidic organelles, such as endosomes, lysosomes, and Golgi vesicles,
increasing the organelles’ pH and interfering with multiple cellular processes involved in
innate and adaptive immunity [7]. The pH changes in lysosomes—an increase from ~4.7 to
~6 [8]—destabilize its membrane and promote the loss of lysosomal enzymes in the cytosol.
The pH changes also impede lysosomal enzyme function, which impairs endolysosome
cargo degradation in autophagy, endocytosis, and phagocytosis pathways, essential in
antigen processing for presentation [6] (See Figure 1).

Endocytosis Autophagy
(phagocytosis) — pathway

:\‘\ Endosome with cargo

Lysosomal N
enzymes N

N

e

Lysosome

HCQ ' \ ‘ -
accumulation ® Degradation

in lysosomes “3 —| and recycling
S of cargo
MHC class Il S

/K’ N g/'
"_é; _l Autoantigen

presentation

MHC class II- containing endosome

Figure 1. Mechanism of action of antimalarial immunomodulation during autoimmunity. HCQ
accumulates in lysosomes and inhibits the degradation of cargo derived externally (via endocytosis
or phagocytosis) or internally (via the autophagy pathway) in autolysosomes by increasing the pH
to prevent the activity of lysosomal enzymes. Inhibition of lysosomal activity can prevent MHC
class II-mediated autoantigen presentation. Adapted from Schrezenmeier et al. [6]. Created with
BioRender.com (accessed on 17 October 2022).

Other immunomodulatory mechanisms of CQ and HCQ include: (1) Interference
with the activation and signaling of Toll-like receptors 7 and 9 present on endosomal
surfaces, which are involved in inflammatory responses and production of co-stimulatory
molecules that participate in antigen presentation [6]. (2) Interference of cyclic GMP/AMP
synthase, an essential enzyme in the function of type I interferon and IL-1. (3) Inhibition
of Phospholipase A2 (PLA2) [7]. (4) Downregulation of the synthesis of proinflammatory
cytokines, such as IL-1, IL-6, TNF, and IFN-y in T and B cells [6]. (5) Enhancement
of nitric oxide production by endothelial cells, inhibition of platelet aggregation [9,10],
reduced formation of aPL-B2GPI complexes in phospholipid bilayers, and restoration
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of the anticoagulant function of annexin 5, collectively leading to vascular protective
effects [8,11].

2.1. Efficacy

Antimalarials are most efficacious in treating mucocutaneous and musculoskeletal
SLE [12]. They are effective in flare prevention and reduction of disease activity and
mortality [13,14]. Accordingly, non-adherence to HCQ treatment was found to increase the
patient’s risk of flare-ups with lower complement C4 values, particularly those who only
complied for less than a year [15]. CQ was shown in a randomized placebo-controlled trial
of 24 patients to reduce disease progression rates, therapeutic glucocorticoid (GC) doses,
and SLEDAI (Systemic Lupus Erythematosus Disease Activity Index) scores [16].

Antimalarials have also proved potent in managing lupus nephritis (LN), the com-
monest life-threatening complication of SLE [17]. A study showed that they improved
the 12-month renal therapy response rates, reduced the risk of flares, and delayed the
progression of renal insufficiency [18]. Additionally, they improve clinical outcomes in
pregnant patients with SLE [18]. In a retrospective cohort study of 151 pregnant SLE
patients, preeclampsia incidence was significantly lower, and neonatal weight was sig-
nificantly greater, in patients treated with HCQ than control patients [19]. Furthermore,
antimalarials reduced the risk of neonatal cardiac manifestations in pregnant SLE patients
positive for anti-SSA /Ro antibodies [20].

Other benefits include a reduced risk of thromboembolism in patients with antiphos-
pholipid antibodies [9], better glycemic control in SLE patients, and improved insulin
sensitivity, thus decreasing the risk of developing diabetes [21,22]. The use of antimalarials
leads to improved lipid profiles through reduced cholesterol synthesis and LDL receptor
activity [7,22,23], improved bone density [24], and lower cancer risk [25].

2.2. Safety

HCQ and CQ have an established good safety profile and are usually well tolerated [7].
They are considered immunomodulatory, but not immunosuppressive, because their usage
is not associated with an increased risk of infection or cancer [1]. Despite their ubiquitous
clinical use in treating several inflammatory rheumatic diseases, antimalarials have an un-
determined dose-response relationship and no defined minimum clinically efficacious dose.
Hence, predicting dose-dependent side effects or toxicity is a challenge in clinical practice.

2.2.1. Gastrointestinal Adverse Reactions

The main adverse reactions associated with the antimalarials are gastrointestinal
effects, including nausea, vomiting, abdominal pain, and diarrhea. For better tolerance, it
is recommended to take them with meals. Cases of elevated liver enzymes in liver function
tests and fulminant liver failure have been described. Hence, cautious use in patients with
liver disease, alcoholism, or known use of hepatotoxic drugs is necessary [26].

2.2.2. Dermatologic Adverse Events

Generalized itching that responds poorly to antihistamine treatment, beginning a
few hours after taking antimalarials, may occur. However, the itch usually resolves spon-
taneously within 72 h [8]. Furthermore, aquagenic pruritus has been described, but it
is rare [27]. Another cutaneous manifestation is the loss of hair pigmentation [28] and
hyperpigmentation; these are more frequent in patients with ecchymosis and those using
antiplatelet agents or anticoagulants [29]. Still, other cutaneous reactions, such as DRESS
(Drug Reaction with Eosinophilia and Systemic Symptoms), erythema multiforme, erythro-
derma, generalized exanthematous pustulosis, Stevens—Johnson syndrome, toxic epidermal
necrolysis, or psoriasis exacerbations, may occur in the first days or weeks of treatment.
These reactions strictly require treatment suspension [28].
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2.2.3. Ocular Toxicity

CQ and HCQ have an affinity for melanin, whereby prolonged exposure causes
concentration in melanin-rich tissues, such as the skin and retina [30]. When accumulated
in these cells, they interfere with lysosome function, inhibiting autophagy and stimulating
lipofuscin accumulation, which results in toxicity to the photoreceptors and the retinal
epithelial cells [6,31]. HCQ also inhibits the activity of the OATP1A2 (Organic Anion
Transporter Polypeptide 1A2), involved in the recycling of all-trans-retinol in the retinal
epithelial cells, an essential step in the visual cycle [32]. This interference causes retinopathy,
the most severe complication of antimalarial treatment [30,32]. Risk factors for ocular
toxicity are described in Table 1.

Table 1. Risk factors for antimalarial-induced ocular toxicity [5,32].

Daily HCQ dose > 5 mg/kg (real weight)

CQ dose > 2.3 mg/kg (real weight)

Daily HCQ dose >6.5 mg/kg of ideal weight in obese patients
Use for >5 years

Cumulative dose > 600-1000 g

CKD stage 3, 4, or 5

Concomitant tamoxifen for >6 months

Macular degeneration, retinal dystrophy, cataracts

PN T BN

Clinical features include difficulty reading, scotomas, reduced visual acuity, altered
color perception, and diminished peripheral and nocturnal vision [30-32]. In the fundo-
scopic examination, bulls-eye maculopathy can be visualized, a characteristic image caused
by depigmentation of the retinal pigment epithelium of the macula with an unaffected cen-
tral portion [31]. If exposure to the drug continues, retinal atrophy and retinitis pigmentosa
may occur [33].

2.2.4. Cardiotoxicity

Antimalarial-induced cardiomyopathy (AICM) is a rare complication secondary to
myocardial lysosomal dysfunction and cation (Na, K, and Ca) current alterations in the
heart’s electrical conduction system [34]. The features of AICM include hypertrophic
and restrictive cardiomyopathy with or without conduction and rhythm abnormalities,
bradycardia, tachycardia, T wave flattening, cQT interval prolongation [7,34], right bundle
branch block, left anterior fascicular block, and complete atrioventricular block [35]. Due to
cQT prolongation, pharmacological interactions that further increase the risk for ventricular
arrhythmia must be avoided. Risk factors for AICM include advanced age, female sex,
exposure for more than ten years, high daily dose per kg of body weight, high cumulative
dose, preexistent cardiac disease, liver disease, renal disease, concurrent myopathy, and
CYP2C8 polymorphisms [8].

2.2.5. Neuromuscular Adverse Events

In the central nervous system, headaches, dizziness, insomnia, vertigo, tinnitus, hear-
ing loss, and lessened seizure threshold have been described [36]. Neuropsychiatric symp-
toms include psychosis, delirium, personality changes, and depression [8]. In the peripheral
nervous system, reversible proximal myopathy and non-painful neuropathy with bilat-
eral proximal limb involvement, associated with hyperreflexia, and respiratory muscle
involvement may occur [8,37]. The induced myopathy is dose independent, detectable
by various means. Creatine phosphokinase (CPK) levels may be normal or slightly ele-
vated, but LDH (lactate dehydrogenase), being the most sensitive in detecting muscular
damage, shows increased levels [38]. Electromyography can show a neuropathic, as well
as a myopathic, component, but has a low diagnostic sensitivity [39]. Muscle biopsy can
exhibit mitochondrial and vacuole alterations, as well as the presence of curvilinear bodies,
atrophy, muscle fiber degeneration, and necrosis [38]. Risk factors include renal disease,
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use of myotoxic drugs, and Caucasian status [38—40]. Table 2 summarizes organ-specific
side effects of antimalarial therapy.

Table 2. Summary of organ-specific side effects of antimalarial therapy.

Organ

Side Effects

Gastrointestinal tract

Skin
Eye
Heart

Neuromuscular system

Nausea, vomiting, abdominal discomfort, diarrhea, hepatotoxicity

Pruritus (generalized, aquagenic), hyper- or depigmentation, ecchymosis, DRESS, erythema
multiforme, erythroderma.

Retinopathy, diminished peripheral and nocturnal vision, bulls-eye maculopathy, difficulty reading,
altered color perception.

Cardiomyopathy, bradycardia, tachycardia, T-wave flattening, left anterior fascicular block, complete
atrioventricular block.

Headaches, dizziness, insomnia, vertigo, tinnitus, hearing loss, psychosis, delirium, depression,
reversible proximal myopathy, non-painful neuropathy.

2.3. Monitoring

Even though side effects of antimalarial use tend to be rare and less severe than
some other immunomodulatory treatments, risk of these effects can be further minimized
through proper administration and monitoring. Several references have established criteria
for proper use, as follows.

1. Ensure the daily dose does not exceed 5 mg/kg [7,41].

2. InCKD patients with a GFR < 30 mL/min, the dosage must be adjusted to a maximum
of 3 mg/kg of body weight [41].

3. Monitor complete blood count at the beginning and during prolonged therapy [8].

Surveillance of muscle strength and tendon reflexes [7].

5.  Use CPK and LDH as a screening test for myopathy and cardiomyopathy at the
beginning of treatment and 3 to 6 months later [41].

6.  Monitor cQT prolongation in patients at risk [7].

7. During the first year of treatment, use fundoscopy with visual field and spectral-
domain optical coherence tomography (SDOCT) or other objective tests as needed,
according to the ophthalmologist criteria, such as multifocal electroretinogram and
autofluorescence imaging (in case of maculopathy) to monitor ocular toxicity [5,41].

8.  Ophthalmological control after five years of use or annually if the patient possesses
risk factors [5,41].

9.  Inform patients at the beginning of therapy about possible adverse events and the
importance of early recognition.

10. Monitoring for the presence of new cardiac conduction abnormalities, biventricular
and septal hypertrophy, or elevations in troponin, BNP, and CPK, can help identify
patients at risk of cardiotoxicity to facilitate a diagnosis [35]. For this reason, an
electrocardiogram could be performed at the start of treatment and annually.

11. Given its safety and benefits during pregnancy and lactation, treatment should con-
tinue if indicated.

L

3. Glucocorticoids (GCs)

After inflammation is induced to handle insults to the body, anti-inflammatory home-
ostatic mechanisms reverse the inflammatory processes as the insulting agent is removed.
The hypothalamic—pituitary—adrenal axis, through the induction of endogenous GCs (corti-
sol, particularly), drives this anti-inflammatory process [42].

Endogenous GCs possess broad inhibitory effects on T- and B-cell-mediated functions,
as well as a potent suppressive effect on the effector functions of monocytes/macrophages,
dendritic cells, and neutrophils. Hence, the endogenous GCs are essential for the immune
system’s correct functioning, preventing tissue destruction and inflammatory diseases by
obviating exaggerated and persistent responses to injury or infection [43-45]. A plethora of
synthetic GCs, which mimic the potent effects of the endogenous GCs, have been developed
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to treat inflammatory disorders, such as asthma, allergies, sepsis, cancers, and autoimmune
diseases, including rheumatoid arthritis and SLE [42,45,46]. The inhibitory effects of GCs
on adaptive and innate immunologic functions, coupled with their rapid onset of action,
account for their remarkable efficacy in managing the flare-ups of SLE [43,44].

The discovery of “Compound E” (hydrocortisone) in 1936 from animal adrenal gland
extracts by Hench, Kendall, and Reichstein and its introduction as a clinical therapeutic
agent for rheumatoid arthritis was a landmark in medical history, for which they received
the Nobel Prize in Medicine and Physiology in 1950 [47-49]. Between 1954 and 1958, six
synthetic steroids were developed for systemic anti-inflammatory therapy [49]. GCs have
since become the cornerstone of SLE treatment [43]. GCs are used to treat such a wide range
of inflammatory diseases that it is estimated that up to 2% of the population is receiving
long-term GC therapy [50].

3.1. Mechanism of Action

Being highly lipophilic, GCs, after freely crossing the cell membrane, bind cytosolic
GC receptors (GCRs), inducing an allosteric conformational change that results in the
dissociation of the GCR from the heat shock proteins (HSPs) that chaperone the unbound
GCRs to maintain their proper conformation for proper ligand binding [42,44,45,51,52]. The
GC-GCR complex subsequently translocates to the nucleus in homodimeric or monomeric
forms, where the immunomodulatory effects are exerted via several mechanisms [43] (see
Figure 2). The first is termed transactivation. Homodimeric GC-GCR (hGC-GCR) complex
binds to a specific DNA motif called glucocorticoid response element (GRE) on the promoter
of glucocorticoid-responsive, anti-inflammatory genes, such as Ikf3, IL-1RII, Lipocortin-1,
IL-10, and «2-macroglobulin. Binding of the GREs recruits chromatin-modifying co-factors
and the transcriptional machinery to drive the anti-inflammatory genes [42—44,51-53]. In
the second, termed transrepression, monomeric GC-GCR complex (mGC-GCR) binds to
pro-inflammatory transcription factors, such as AP-1 and NF-kf3, inhibiting the expression
of their target genes, including IL-1p3, TNFe, and IL-2, cytokines, which are the major
drivers of inflammation [42—44,51-53]. Additionally, prostaglandins, cytokine receptors,
adhesion molecules, class II MHC molecules [43], and chemotactic proteins that play
a crucial role in coordinating the inflammatory response are downregulated [54], and
chemotactic proteins that play a crucial role in coordinating the inflammatory response
are downregulated [55-57]. Another form of transrepression occurs through the GC-GCR
complex binding directly to DNA sites (composite GREs), alongside AP-1 on its promoter,
and hindering the expression of AP-1 target pro-inflammatory genes [44,45,52,53] (see
Figure 2).

The mechanisms discussed above are collectively called genomic mechanisms because
they all involve gene expression modulation. Several other mechanisms that preclude
gene expression manipulations, termed non-genomic mechanisms, contribute significantly
to the effects of GCs. They underlie the rapid onset of action of GCs, as they require no
gene expression to impact the cell [54,58]. The best-elucidated non-genomic mechanism
involves the activation of endothelial nitric oxide synthetase (eNOS) [59]. In this path-
way, the GC-GCR complex activates phosphoinositide-3-kinase (PI3K) in endothelial cells,
which activates Akt via phosphorylation. Phosphorylated Akt also activates eNOS via
phosphorylation, resulting in nitric oxide production, which produces the physiological
effects. This pathway was shown in mice to abate vascular inflammation and reduce my-
ocardial infarct sizes following ischemia and reperfusion injury [46]. Other non-genomic
mechanisms include: (1) activation of annexin I (lipocortin-1), an anti-inflammatory protein
that inhibits phospholipase A, (PLA;) and, therefore, arachidonic acid synthesis [54]; and
(2) induction of the anti-inflammatory protein MAPK phosphatase 1, which inactivates all
members of the MAPK protein family, including Jun N-terminal kinase and kinases 1, 2,
and p38. As these MAPKs promote inflammatory pathways, their inactivation boosts the
control of inflammation. Consequently, MAPK phosphatase 1 can indirectly inhibit the
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activity of PLA, by blocking the MAPKSs required for its activation and reduce the activity
of lymphocytes through the p38 MAPK inhibition [42,54,58].
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Figure 2. Genomic mechanisms of glucocorticoid-induced anti-inflammation. GCs bind to their

cytosolic glucocorticoid receptor (GCR), which subsequently loses its chaperoning proteins, such as
heat shock proteins (Hsp). Homodimers are formed, travel to the nucleus, bind to the glucocorticoid
response element (GRE), and upregulate the expression of certain genes (e.g., lipocortin-1 and genes
involved in metabolism), a mechanism called transactivation. Monomeric GC-GCR complex (mGC-
GCR) can bind to transcription factors as AP-1 and NF-kf, inhibiting the transcription of their
target genes (e.g., IL-2 and TNF«) by a mechanism called transrepression. Further, direct binding of
mGC-GCR alongside AP-1 on composite GREs lead to transrepression. Created with BioRender.com
(accessed on 17 October 2022).

GCs also affect blood cell numbers; they increase the circulating neutrophil count,
but decrease lymphocyte, eosinophil, basophil, and monocyte counts. The increased
neutrophil count is secondary to their increased release from the bone marrow and the
inhibition of their emigration [54]. The diminished circulating T cell numbers result from
promoting apoptosis and migration to the bone marrow or secondary lymphoid tissues [47].
Furthermore, GCs can decrease fibroblast proliferation, fibronectin production [54], and
dendritic cell maturation, survival, and migration, inhibiting their immunogenic functions,
including stimulation of T cells [57].

3.2. Dosage

The dosage of GCs is more art than science. Albeit several organizations have pub-
lished dosage guidelines, there are discrepancies between them, and standardization of
GC dosage has proved challenging even till now. Consequently, physicians manage pa-
tients on a case-by-case basis, based on patient factors and their experience, guided by
published recommendations [43,51,58,60]. The dosage of GC therapy determines the ex-
tent of GCR saturation. Low GC doses—i.e., prednisone doses—(up to 7.5 mg/day) are
associated with up to 50% GCR saturation. Intermediate doses (>7.5-30 mg/day) achieve
progressively higher saturation, with high doses (>30-100 mg/day) reaching 100% GCR
saturation [43,54,58].

At very high doses (>100 mg/day), the rapid-onset non-genomic GC mechanisms are
invoked [58]. Methylprednisolone (MP) and dexamethasone have non-genomic effects up
to five times more potent than their genomic effects. Therefore, they act rapidly and are
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effectively used for intravenous (IV) pulse therapy, employed to manage severe organ and
life-threatening manifestations [55,61].

SLE can be vaguely categorized as mild, moderate, or severe. The treatment of mod-
erate to severe SLE comprises an initial phase of intensive immunosuppressive treatment
called induction therapy, of which GCs (oral or IV) are central [62,63]. Induction ther-
apy is purposed to halt active systemic inflammation and induce remission, followed
by a less aggressive ‘maintenance therapy’ to consolidate remission and reduce the risk
of flares [62,63]. The choice of GC dose, administration route, and duration of therapy,
therefore, varies based on several factors [64]. In general, low prednisone doses are used as
maintenance therapy and intermediate doses in moderate disease (fever, fatigue, weight
loss, lymphadenopathy) or after MP pulses in severe SLE [43]. For instance, lymphadenopa-
thy, arthritis, arthralgia, and myalgia can be controlled with doses of up to 20 mg/day
of prednisone; however, lupus myositis cases will require higher doses of <60 mg/day
coupled with cyclophosphamide (CYC) IV pulses [43,65,66]. In addition, Zhou et al. found
that doses of <100 mg/day can suppress SLE-induced fever in 80.6% of patients [59]. High
doses are indicated in severe manifestations [67], such as moderate cytopenia or some
types of serositis. Moreover, very high doses or pulses of MP are used in life-threatening
situations involving vital organs [55,56,61]. Such cases include lupus nephritis (LN), se-
vere leukopenia or thrombocytopenia, and hemolytic or aplastic anemia. Others include
gastrointestinal (autoimmune hepatitis, pancreatitis, enteritis), pulmonary (alveolar hemor-
rhage, shrinking lung syndrome), cardiac, and central nervous system (neuromyelitis optica,
seizures, coma, peripheral neuropathy, optic neuritis, transverse myelitis) involvement [64].

In LN, the combination of medium-dose prednisone with IV pulses of MP, CYC, and
HCQ is as effective as high-dose prednisone regimens, which are fraught with several
adverse effects [51,68]. Ruiz-Arruza et al. compared the efficacy and safety of prednisone
regimens at doses <30 mg/day versus >30 mg/day as initial treatment in recently diag-
nosed SLE patients with highly active disease without renal involvement. They found that
the prednisone doses <30 mg/day were as effective as the higher doses for SLE treatment,
but safer [69]. Accordingly, the lowest effective GC doses are increasingly preferred for treat-
ment to reduce the risk of adverse events [64]. For this reason, the 2019 EULAR/ERA-EDTA
(Joint European League Against Rheumatism and European Renal Association-European
Dialysis and Transplant Association) guidelines for managing LN recommends a total in-
travenous MP dose of 500-2500 mg as induction therapy, then followed by oral prednisone
maintenance therapy doses of 0.3-0.5 mg/kg/day for up to 4 weeks, and then reduced to
<7.5mg/day by 3-6 months [52,53].The current recommended doses are less than previous
ones [70].

Once an SLE flare is diagnosed, the goal is to achieve remission as soon as possible
and prevent new flare-ups, usually using GCs in combination with other drugs [51,63]. As
the disease activity is controlled, less toxic immunosuppressive therapy is favored while
the GC dose is tapered after 4-6 weeks of therapy initiation. A typical tapering starts
with lowering the GC dose by 5-10 mg every 2—4 weeks until a daily dose of 20 mg, after
which a reduction of 2.5-5 mg every 2-4 weeks is adopted until a maintenance dose of
2.5-10 mg/day is achieved [43]. A study showed that tapering GC doses below 5 mg have
increased since 2000, probably due to a better understanding of long-term GC side effects
even at low doses. The positive predictors of successful GC tapering in a cohort of SLE
patients in the study were the absence of sustained skin and joint lupus activity [71].

3.3. Corticosteroid Resistance

In general, GC resistance is defined as the total or partial inability of cells to elicit
GC responses or the absence of overt Cushing’s syndrome signs with biological hyper-
cortisolism [45,72]. Resistance to the therapeutic effects of GCs is a considerable problem
in managing inflammatory diseases [45]. In fact, up to a third of SLE patients have a
partial response to GCs [51]. This underlies the marked variability of patient response
to GC treatment, leading to inadequate therapy in some patients, which indicates higher
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doses or the addition of immunosuppressive drugs [45]. Several molecular mechanisms
underlie resistance to GCs: (a) GCR loss-of-function mutations [72]; (b) decreased expres-
sion of GCR«, the GCR isoform mediating GC’s molecular effects [55]; (c) overexpression
of GCRp, a GCR isoform, functioning as a negative inhibitor of GCRe«, hence, the ac-
tion of GCs [43]; (d) post-translational modifications of GCR, altering its function [73];
(e) overexpression of pro-inflammatory transcription factors, such as AP-1 or NFkf{;
(f) overexpression of macrophage migration inhibitory factor [74]; and (g) overexpression
of P-gp (P-glycoprotein), a GC efflux pump that removes GCs from cells [43].

3.4. Safety

Although GCs are very potent quick-acting drugs, the concomitant damages of their
use are substantial, especially with prolonged use at high doses [58,67]. Some side effects,
including hyperglycemia, Cushing’s syndrome, and psychosis, are reversible. These are
ameliorated by decreasing doses or therapy suspension. Others, such as cataracts, avas-
cular osteonecrosis, and growth retardation, are irreversible [67,75]. The severity of side
effects correlates with the administered doses [58]. For instance, sustained prednisone
doses >7.5 mg/day were associated with increased adverse events, correlating with in-
creased patient morbidity and permanent damage [76,77]. Moreover, a study with a cohort
of 747 SLE patients linked high cumulative prednisone doses to osteoporotic fractures,
coronary artery disease, and cataracts; twice-monthly high-dose prednisone to avascular
necrosis and stroke; and MP IV pulses to cognitive impairment [78]. The side effects of GCs
are summarized in Table 3.

Table 3. Summary of Organ-Specific Side Effects of High-Dose or Prolonged GC Therapy.

Organ

Side Effects

Kidney
Musculoskeletal system

Cardiovascular system
Adrenal gland
Skin

Eyes

Central nervous system
Gastrointestinal tract

Immune system

Reproductive system

Increased sodium retention and potassium excretion

Osteoporosis, osteonecrosis, myopathy and atrophy, and growth retardation,

Dyslipidemia, hypertension, hyperglycemia, lipodystrophy and weight gain, thrombosis,

and vasculitis

Adrenal atrophy and Cushing’s syndrome

Atrophy, delayed wound healing, erythema, hypertrichosis, perioral dermatitis, petechiae,
glucocorticoid-induced acne, striae rubrae distensae, and telangiectasia

Cataracts, glaucoma, myopia, exophthalmos, papilledema, chorioretinopathy, and
subconjunctival hemorrhages.

Depression, psychosis, bipolar disorders, delirium, panic attacks, obsessive-compulsive disorder,
anxiety, insomnia, catatonia, and cognitive impairment

Bleeding, pancreatitis, and peptic ulcer

Broad immunosuppression; activation of latent viruses; increased risk of bacterial, fungal, and
viral infections.

Delayed puberty, fetal growth retardation, hypogonadism, gestational diabetes, hypertension,
preeclampsia, premature rupture of membranes, and risk of cleft palate

Adapted from Rhen et al. [42].

3.4.1. Musculoskeletal Side Effects
Osteoporosis

GCs have been linked to bone diseases since 1932. Due to their wide usage, GC-
induced osteoporosis is the most common cause of iatrogenic osteoporosis today and, in
fact, the commonest cause of osteoporosis in adults 20 to 45 years old [50,51].

Within 12 months of therapy, GCs stimulate osteoclastic activity, decreasing bone
density via excessive resorption—mediated by overexpression of the receptor activator of
NF«kf ligand and macrophage colony-stimulating factor—and suppressing osteoprotegerin
production, which promotes osteoclastogenesis. These osteoclast-mediated effects occur
first, but transiently [79].

The slower, long-lasting impact of GCs is exerted via suppression of osteoblast activ-
ity, mediated via multiple mechanisms: (a) decreased expression of Insulin-like Growth
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Factor-1, involved in osteoblastogenesis; (b) increased levels of the Dickkopf protein that
negatively regulates the Wnt pathway involved with the differentiation, proliferation, and
maturation of osteoblasts; (c) coaxing of osteoblast progenitor cells toward adipogene-
sis, hence, reducing osteoblast numbers; and (d) caspase 3 stimulation, which promotes
apoptosis of osteoblasts and osteocytes [80,81].

Bone loss is more prominent in trabecular bone-rich areas, posing a higher risk of
hip and vertebral fractures than forearm fractures. Loss of bone mass can become ev-
ident within three months of starting treatment and is correlated with high doses and
longer treatment durations [82,83]. No GC dose eliminates the risk of osteoporosis. Even
<2.5 mg prednisolone doses confer a higher risk of hip and vertebral fractures relative to
controls [82].

Osteonecrosis

Osteonecrosis (ON) can result from significant reduction or interruption of the blood
supply to bone, including intraluminal obstruction, vascular compression, or trauma to
the vessels [84]. Several other conditions can cause ON, including SLE, sickle cell dis-
ease, pancreatitis, Gaucher’s disease, and exogenous or endogenous hypercortisolism (GC
medications, Cushing’s disease) [84]. According to a meta-analysis published in 2017,
the prevalence of symptomatic and asymptomatic avascular osteonecrosis (AO) in SLE
patients is 9% and 29%, respectively. The most frequent site of AO is the femoral head
because a terminal arterial system supplies it and it has no collateral blood supply, which
renders it more susceptible to ischemia when occluded [85]. GCs induce an increase in the
marrow fatty mass and fat cell sizes, resulting in intraosseous hypertension. Consequently,
microvasculature occlusion by fatty emboli or impedance of sinusoidal blood flow occurs,
leading to ischemia [84]. If ischemia is prolonged, necrosis progresses to sequestra forma-
tion, which results in a subchondral stress fracture, and then collapse and degenerative
arthritis [84,86].

The mean daily dose and duration of GC exposure do not seem to be related to ON.
Pharmacological interventions include low molecular weight heparin, lipid-lowering drugs,
acetylsalicylic acid, and iloprost; however, it is not clear whether these treatments delay
or reverse the disease progression. MRI is pivotal in diagnosis. The most useful MRI
applications in ON diagnosis include (a) detecting early or small lesions, (b) differentiating
ON from other bone diseases, and (c) predicting the likelihood of subchondral collapse.
ON shows a characteristic MRI appearance for conclusive diagnosis [86].

Myopathy

Long-term use of GCs is associated with muscle atrophy, with decreased muscle
strength mediated by two main mechanisms: reduced synthesis and increased degradation
of proteins [87,88]. GC-induced myopathy primarily affects proximal muscles (e.g., the
pelvic girdle muscles) [87]; yet, less frequently, distal muscles, sphincters, or facial muscles
may be compromised [89]. Serum levels of CPK and aldolase are often normal, but LDH
may be elevated [90]. Electromyography may present a myopathic pattern in the late stages.
Muscle biopsy may show an increased number of central sarcolemma nuclei and loss of the
crossed striae of type IIb muscle fibers without necrosis or inflammation, differentiating it
from inflammatory myopathies [87,90].

Myopathy is uncommon in patients treated with prednisone doses of 10 mg/day, but
with doses >40-60 mg/day, it can occur within the first 2 weeks of treatment [90].

Treatment suspension, physical therapy, and adequate protein intake have been shown
to improve muscle strength between 3-4 weeks, although recovery may be slower [91].

Growth Retardation

GC-induced growth retardation is frequent in children receiving long-term GC treat-
ment, averagely delaying skeletal maturation by 3.1 years and growth rates to only
3 cm/year [92]. GCs decrease growth hormone (GH) secretion, insulin-like growth factor
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I (IGF-I) bioactivity, collagen synthesis, nitrogen and mineral retention, and chondrocyte
proliferation [92]. They can also induce gonadotropin, testosterone, androstenedione, and
estrogen deficiency [93]. For this reason, they have been associated with delayed growth
and puberty. In a cohort of 25 GC-treated children with SLE, Abdalla et al. recorded
32% growth retardation [94]. Furthermore, in the PRINTO study with juvenile SLE pa-
tients, children with early-onset disease treated with cumulative doses of GCs > 400 mg/kg
had a higher risk of growth disturbances and delayed puberty [94].

Given the significant degree of growth failure in many GC-treated children, there is
great interest in the potential reversal of GC-induced growth failure with GH therapy [92].
In their study, Allen et al. showed that GH therapy counterbalances the effects of GCs
effectively, albeit its effectiveness was negatively correlated with GC dose. They also
showed that IGF-I, IGF-binding protein-3, osteocalcin, and procollagen were appropriate
markers for monitoring growth retardation and GH therapy effectiveness [92].

3.4.2. Metabolic Side Effects
Hyperglycemia/Diabetes Mellitus (DM)

Along with chronic inflammation and obesity, GC therapy causes or exacerbates
insulin resistance in non-diabetics or known diabetics, respectively [95]. The prevalence
of GC-induced DM ranges between 5% and 45%; however, most studies agree that it is
approximately 10-20% [96]. GC therapy increases the risk of DM by 2-3 times, the risk
increasing in a dose-dependent manner [97]. In diabetics, administration of MP pulses
increases the need for insulin therapy in up to 64% of patients [98]. GC-induced DM
is mediated by complex mechanisms that are not well understood [99]. The effect of
GCs on glucose metabolism likely results from the impairment of multiple pathways [99].
Excess GCs stimulate gluconeogenesis and glycogenolysis [100], alters insulin secretion
and sensitivity in tissues [98], reduces 3-cell mass [99], reduces GLUT-2 expression, inhibits
GLUT4 translocation to the plasma membrane in skeletal muscle [101], and potentiates the
effects of insulin-counteracting hormones, such as glucagon and epinephrine [102].

The main risk factors for developing DM include higher dosages, type of GC, longer
duration of treatment, advanced age, high body mass index, family history of DM, and
concurrent use of MMF (Mycophenolate Mofetil) and calcineurin inhibitors [102].

In general, GC-induced hyperglycemia improves with dose reduction; however, an
individualized approach must be taken for each patient, such as lifestyle modifications and
the requirement to initiate hypoglycemic drugs [102].

Dyslipidemia

The prevalence of dyslipidemia in SLE patients ranges from 36% at the time of diag-
nosis to 60% after 3 years [103], even 75% being reported in a cohort from Indonesia [104].
Sajjad et al. reported that the frequency of an altered lipid profile in SLE patients with
LN of proteinuria > 1 g is increased significantly [105]. Dyslipidemia in SLE patients is
associated with cardiovascular events and aggravation of kidney and central nervous
system damage [106]. Many factors influence dyslipidemia development in SLE patients,
such as autoantibodies, cytokines, and GC and cyclosporine A treatment [98,104,107]. The
effects of GC on lipid metabolism are not well understood. However, it is known that
cortisol activates lipolysis; increases triglycerides (TG) hydrolysis in adipocytes, free fatty
acid levels [98,102], lipoprotein lipase and adipokine activity, and insulin resistance; and
inhibits beta-oxidation of lipids [103]. Additionally, GCs induce changes in lipoprotein
metabolism, stimulating the production of very-low-density lipoproteins (VLDL) and HDL
and inhibiting the uptake of LDL [108]. As such, the lipid profile should be monitored
in all SLE patients. Lipid-lowering drugs, mainly statins, should be administered when
necessary to reduce coronary heart disease, cerebrovascular disease, kidney disease, and
mortality [105,109].
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While low doses equivalent to prednisolone < 10 mg/day do not significantly affect
the lipid profile [109], doses >30 mg/dL are associated with high levels of total cholesterol
(TC) and TG [104], but have a weak influence on LDL and HDL [108].

Weight Gain and Lipodystrophy

During systemic GC therapy, weight gain and morphological changes secondary to
adipose tissue accumulation are frequently observed. This fatty tissue accumulation is often
seen in the face (“full moon face”), dorsal-cervical area (“buffalo hump”), supraclavicular,
and abdominal regions. However, there is a decrease in the subcutaneous fat of the
extremities [110]. In a cohort of 236 SLE adolescent patients, 90% had a normal BMI at the
beginning of GC therapy, but by the end, approximately 20% had a BMI > 25, and 10%
were obese. Overall, 60% gained less than 10 kg, 25% gained 10-20 kg, and 15% gained
more than 20 kg after treatment [111].

Cushingoid features can develop within the first two months of therapy. As many
as 15-40% of patients may present with “moon face” after just 8-12 weeks of prednisone
treatment (doses of 10-30 mg/day) [110].

The risk of these complications appears to depend on both the dose and the duration
of treatment. In a cohort of 88 patients put on long-term systemic GC treatment, incidence
rates increased over time. The risk of lipodystrophy was higher in patients who were
women, were under 50 years of age, had a high BMI at the beginning of treatment, or had
high caloric intakes [110].

The pathophysiologic mechanisms are multifactorial. They include the mechanisms of
dyslipidemia and hyperglycemia described above; induced hormonal changes in growth
hormone, testosterone, estrogens, catecholamines, and cytokines [112]; as well as stimula-
tion of orexigenic pathways in the hypothalamus [98].

3.4.3. Cardiovascular Side Effects
Arterial Hypertension

Overall, about 20-30% of patients undergoing long-term GC therapy suffer GC-
induced hypertension [100,113], and the incidence rates increase with higher cumulative
doses [114]. L Fardet suggests that there may be two forms of arterial hypertension associ-
ated with GC therapy—an early-onset type (within days to weeks of treatment) in patients
without risk factors and a late-onset type in patients with drug-induced lipodystrophy
and weight gain [98]. Proposed mechanisms include an increased transcription of genes
(sgk-1, a-ENaC, and GILZ) responsible for sodium reabsorption in the renal tubules and a
decreased expression of the endothelial nitric oxide synthase. Other mechanisms include
increased oxidative stress [115], increased expression of type I angiotensin II receptors, and
stimulation of Na* and Ca2* entry into endothelial cells [116].

Cardiovascular Risk

Patients with SLE treated with GCs at a dose greater than 10 mg/day or those with a
cumulative dose equivalent to more than 10 mg/day for more than 10 years have signifi-
cantly higher rates of cardiovascular events [117]. The use of oral GC is associated with
heart failure [118], explained by sodium retention, increased extracellular fluid, stimulation
of cardiac remodeling and fibrosis, increased myocardial oxidative stress, and coronary
vascular inflammation mediated by mineralocorticoid receptors [119].

3.4.4. Adrenal Insufficiency

Exogenous GC administration generates a negative regulation of the hypothalamic—
pituitary—adrenal (HPA) axis [106]. Minutes after GC administration, the increase in cortisol
levels inhibits the release of ACTH and CRH. Later on (2-20 h), the transcription of pro-
opiomelanocortin transcription factors (POMC) is inhibited, which leads to decreased
ACTH synthesis, consequently reducing endogenous cortisol secretion by the adrenal
gland [120].
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The mean prevalence of adrenal insufficiency associated with GC use is 37% [106].
It occurs in up to one third of patients treated with 5 mg prednisolone/day, and the
prevalence increases in patients who receive topical, intramuscular, or intra-articular GCs
concurrently [121]. It most often occurs when therapy is discontinued abruptly or in
acutely stressful situations. Physicians, therefore, wean patients off GCs by tapering
the doses. After stopping treatment, HPA axis suppression may occur, with or without
clinical manifestations such as asthenia, adynamia, nausea, abdominal pain, headache, or
dizziness [122].

There is a great variety of information regarding the axis recovery time after therapy
discontinuation. The earliest recovery time is 4 weeks [120], but axis suppression can
persist for 24 months [123].

3.4.5. Skin Disorders

GCs cause a reduction in the mitotic activity of keratinocytes; reduce the size of
fibroblasts, cause thinning of the dermis; and increase the fragility of the skin. Additionally,
they cause a decline in monocyte and macrophage count, diminish phagocytosis, and delay
re-epithelialization and fibroblast response [89].

The reported dermatological conditions include rosacea, erythema, telangiectasias,
acneiform eruptions, purpura, pruritus, atrophy, hirsutism, stretch marks, decreased heal-
ing, and dermatitis [123]. Atrophy and ecchymoses are often reversible with GC therapy
suspension, but stretch marks persist [89]. Purpura generally affects sun-exposed areas,
such as the neck, back of the hands and forearms, face, and lower legs [79].

3.4.6. Neuropsychiatric Disorders

GCs can induce neuropsychiatric manifestations, such as depression, hypomania,
psychosis, bipolar disorders, delirium, panic attacks, agoraphobia, obsessive-compulsive
disorder, anxiety, insomnia, restlessness, catatonia, and cognitive impairment [124]. Symp-
toms can become severe in 5% of the treated patients [125]. They can appear within the
first 6 weeks of treatment; in fact, some cohorts have reported 86% of patients presenting
symptoms in the first week [126].

Female gender, SLE, and high doses may be risk factors for the development of symp-
toms [125]. Dose reduction or gradual suspension of GC is the mainstay of management;
up to 90% of patients improve within the first 6 weeks of recess [127].

Some of the proposed pathophysiological mechanisms are the downregulation of GCR,
the induction of neuronal oxidative stress, decreased serotonin levels, increased dopamine,
and decreased sex steroid production [127].

3.4.7. Ophthalmic Alterations

The administration of systemic GC can lead to the formation of cataracts, glau-
coma, myopia, exophthalmos, papilledema, chorioretinopathy, and subconjunctival hem-
orrhages [89]. GC-induced glaucoma is a form of open-angle glaucoma generated by
morphological alterations of the trabecular meshwork, an increase in extracellular matrix
proteins, and a decrease in vasodilator prostaglandins, which results in a diminished net
output of aqueous humor. Risk factors include myopia, a history of penetrating kerato-
plasty or refractive surgery, patients under 10 years of age or the elderly, a history of
diabetes mellitus, and endogenous hypercortisolism [128,129].

The frequency of oral GC-induced cataracts varies between 11% and 15% [129]. The
risk is dependent on the dose and duration of therapy, and accrued damage is irreversible,
even with treatment withdrawal. The mechanisms involved include enzymatic and cel-
lular modifications, oxidative stress, protein alteration, and the action of various growth
factors [128].

Central serous chorioretinopathy is a disorder characterized by neurosensory retinal
detachment associated with detachment of the retinal pigment epithelium that can occur in
patients with SLE [130], GC therapy being one of the main risk factors [131].
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3.5. Safety in Pregnancy

GCs are one of the main treatments for lupus flares during gestation, as many other
drugs are incompatible with pregnancy. They retain their potent anti-inflammatory effects
without any significant teratogenicity [18]. The GC of choice depends on whether the goal
is to treat the mother or the fetus [132,133]. Non-fluorinated GCs, such as prednisone,
prednisolone, and MP, are the suitable GCs for treating the mother as they are inactivated
by placental hydroxylases. Fluorinated GCs, such as betamethasone and dexamethasone,
are less metabolized by the placenta. Hence, they are preferred if the fetus is the target of
the treatment, especially in patients at risk of preterm birth, between 24 and 34 weeks of
gestation, where induction of fetal lung maturation would be required [132,133].

The use of high GC doses during pregnancy is associated with an increased risk
of complications, including infections, gestational diabetes, hypertension, preeclampsia,
premature rupture of membranes, and the risk of cleft palate. For this reason, it is recom-
mended to use the lowest possible dose for the shortest time, ideally a dose <20 mg/day.
Hydrocortisone administration is recommended at delivery in patients on long-term GC
therapy to reduce the risk of adrenal insufficiency [133].

During lactation, moderate doses are recommended, and at least a 4 h gap is to elapse
after drug intake before breastfeeding [132].

3.6. Monitoring

As GCs have devastating effects, patients on GC treatment must be carefully monitored
as follows:

1.  Determine anthropometric measurements, blood pressure, metabolic profile (glu-
cose, glycosylated hemoglobin, LDL, HDL, TC, TG, apoB), and densitometry at the
beginning of treatment [79].

2. Guidelines for a healthier lifestyle, such as diet, regular physical activity, avoiding
smoking, and reducing alcohol consumption [79].

3. Monitor blood glucose at least 48 h after the start of therapy, then every 3—6 months
during the first year, and then annually [134].

4. Patients receiving prednisone doses >7.5 mg/day for more than 3 months should be
prescribed calcium and vitamin D supplements [134].

5. Use FRAX scores to evaluate the risk of fractures at 10 years [79].

6.  Determine anthropometric measurements in each consultation [134].

7.  Perform bone densitometry at the start of therapy and annually if there is a decrease
in bone mineral density or biannually if it remains stable [134].

8.  X-ray of the lateral spine in patients >65 years for early detection of vertebral
fractures [134].

9.  Determine if the patient requires bisphosphonate therapy according to risk factors
and bone mineral density [134].

10.  Monitor lipid profile after 1 month of treatment, then every 6 to 12 months.

11.  Assess cardiovascular risk periodically.

12.  Perform bone densitometry and lateral column radiography in children receiving
>3 months of GC therapy and repeat annually.

13.  Monitor the growth rates of children and adolescents, and refer to endocrinology, if
necessary, to ascertain if growth hormone therapy is needed [134].

14. Request an annual ophthalmological evaluation or earlier if there are risk factors or
symptoms [134].

15.  Monitor blood pressure, signs of fluid overload, and heart failure at each visit [134].

16.  Watch for signs/symptoms of adverse reactions during therapy.

17.  Patients treated with a GC concurrently with a nonsteroidal anti-inflammatory drug
should receive gastroprotection with proton pump inhibitors or misoprostol. Alterna-
tively, they could switch to a selective cyclooxygenase-2 inhibitor (taking into account
increased cardiovascular risk) [134].
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18. In patients requiring more than 10 mg prednisone/day, other less toxic immunosup-
pressants should be combined with GCs to accomplish quick tapering of prednisone
and ultimately reduce GC-associated organ damage [58,62,135]. The immunosup-
pressants play an essential role in managing severe SLE manifestations, minimizing
the risk of organ damage, reducing the cumulative dose of GCs, and preventing new
flares of the disease [135]. Among the agents used are CYC (Cyclophosphamide), AZA
(azathioprine), MMF (Mycophenolate Mofetil), Tacrolimus (TAC), and Methotrexate
(MTX) [135].

4. Cyclophosphamide (CYC)

Developed by the German chemist Norbert Brock in 1958, CYC is an alkylating
immunosuppressant derived from nitrogen mustard [136]. CYC was first used to treat SLE
in the 1970s when Donadio et al. demonstrated that patients receiving prednisolone with
oral CYC were more likely to have better renal preservation than GC monotherapy [137].
As with all other immunosuppressants, CYC is used in combination with GCs as oral or IV
formulations [63,99].

4.1. Mechanism of Action

CYC is a prodrug predominantly (70-80%) hydroxylated by hepatic cytochrome
P450 enzymes (CYP2B6, CYP2C9, CYP2C19, CYP3A4, CYP3A5, or CYP2J2) to
4-hydroxycyclophosphamide and its tautomer aldophosphamide. These metabolites enter
target cells by simple diffusion [138], where 4-hydroxycyclophosphamide is inactivated.
Aldophosphamide undergoes spontaneous non-enzymatic 3-elimination, generating the ac-
tive metabolite phosphoramide mustard and acrolein as a by-product. The former mediates
the pharmacological effect of CYC, but the latter is urotoxic [136].

Phosphoramide mustard is a potent DNA alkylating agent that readily forms irre-
versible covalent bonds with N7 of guanine, leading to interstrand cross-links [139]. It
can also bind other purine and pyrimidine atoms, blocking DNA replication and leading
to apoptosis [140]. These actions exert a cytotoxic effect on actively proliferating cells,
including mainly the less mature B lymphocytes, reducing antibody production by these
lymphocytes [140]. Additionally, CYC dwindles the number of circulating effector T cells
CD8+ CD44+ CD62L— and CD8+ CD44+ CD62L— [140].

4.2. Efficacy

CYC is a potent, but aggressive, drug; hence, it is only indicated for severe organ-
threatening disease, especially neuropsychiatric SLE (NPSLE), cardiopulmonary, and renal
compromise, where the toxicity-to-benefit ratio is justifiable [135]. It may also be indicated
as rescue therapy in refractory manifestations of non-major organs [135].

A retrospective study that included 50 cases of CYC-treated patients with neuropsychi-
atric manifestations, such as psychosis, polyneuropathy, cerebrovascular disease, seizures,
or cranial neuropathy, observed a partial or complete response in 84% of cases [141]. In a
systematic review published by Cochrane in 2013 that compared CYC versus MP as NPSLE
treatment, 94.7% of CYC-treated patients responded to treatment. Moreover, CYC was
associated with a reduction in prednisone dose requirements [142].

GC monotherapy or in combination with CYC, MME, or AZA is recommended in inter-
stitial lung disease and constricted lung syndrome associated with SLE. However, this rec-
ommendation is mainly based on expert opinion as there is only tenuous evidence [142,143].

In the treatment of LN classes III, IV, and V, the combination of high-dose GC with
low-dose CYC (500 mg IV bolus administered every 2 weeks for 3 months) or oral MMF
(2 to 3 g/day for 6 months) is suggested [17]. High-dose CYC should be reserved for severe
cases, such as rapidly progressive glomerulonephritis, where serum creatinine is >3 mg/dL
with crescents or fibrinoid necrosis, or in those irresponsive to treatment [144]. However,
in patients with a creatinine clearance of less than 30 mL/min, the dose should be reduced
by about 30% [135]. The caution taken with high-dose CYC is due to its association with
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cervical neoplasms and ovarian failure [137] without superior efficacy than low doses, as
evidenced by the multicenter prospective clinical trial (Euro-Lupus Nephritis Trial, ELNT).
The ELNT trial compared high-dose and low-dose CYC IV regimens in patients with
LN, followed by maintenance therapy with AZA. Treatment failure occurred in 16% and
20% of the low-dose and high-dose groups, respectively. In addition, renal remission
was achieved in 71% and 54% of the low-dose and high-dose groups, respectively. While
the efficacies were similar, episodes of severe infection occurred more frequently in the
high-dose group [145].

CYC may be taken orally or intravenously, but IV pulse is preferred due to its superior
efficacy-to-toxicity ratio [2]. Daily oral CYC as induction therapy may be more effective
than intravenous pulses; however, its greater ovarian toxicity makes it justified only in
high-risk or refractory LN [2]. Moreover, some studies suggest that CYC may have efficacy
differences between different races of people [135]. For example, Dooley et al. [146] found
a poorer renal survival in African Americans during the initial period of monthly IV CYC
administration, with many of them rapidly progressing to renal failure. Further disparity
was observed in long-term follow-up studies, with renal survival after 5 years at 94.5% for
Caucasians and 57% for African Americans [146].

4.3. Safety

Notwithstanding its significant toxicity, CYC remains a mainstay of treatment for
severe SLE. Its clinical effects (therapeutic or toxic) vary, depending on the dose, route of
administration, duration of administration, and cumulative dose [135]. In the past two
decades, minimizing the use of CYC for even the most severe SLE manifestations (particu-
larly in LN) has assumed utmost importance. The main approaches for achieving this goal
include: (1) using sequential therapy with CYC for induction of remission, followed by
maintenance therapy with MMF or AZA; (2) shortening the period of induction with CYC;
and (3) substituting MMF for CYC as induction therapy in LN [135]. The main side effects
of CYC are compiled in Table 4.

Table 4. Summary of Organ-Specific Side Effects of Cyclophosphamide Therapy.

Organ

Side Effect

Gastrointestinal tract
Reproductive system

Urinary tract
Immune system
Lung

Cardiovascular system

Nausea, gastrointestinal dysmotility, emesis, and hepatotoxicity

Ovarian failure (reduced estradiol, progesterone, maturation of oocytes, and number of ovarian
follicles), amenorrhea, azoospermia, spontaneous abortions, congenital malformation, growth
retardation, anatomical abnormalities, and cervical atypia

Necrosis of bladder mucosa, hematuria, hemorrhagic cystitis, and bladder carcinoma
Hematologic malignancies, neutropenia, lymphopenia, thrombocytopenia, anemia, and increased
risk of infections.

Interstitial pneumonitis and fibrosis

Hypertrophy, myocardial fibrosis, tachyarrhythmias, hypotension, heart failure, myocarditis,

and perimyocarditis

4.3.1. Gastrointestinal Events

The most frequent CYC adverse effects are gastrointestinal-related, such as nausea, GI
dysmotility, and emesis shortly after administration, especially with the dose ranges used
for SLE treatment [147]. CYC is strongly emetic; hence, the American Society of Clinical
Oncology recommends antiemetics, such as Ondansetron, a potent 5-hydroxytryptamine
receptor antagonist, to alleviate emesis [147]. Furthermore, serious hepatotoxicity may
occasionally occur with the doses used for autoimmune diseases [135].

4.3.2. Gonadal Insufficiency

Gonadal insufficiency is a significant side effect of CYC in both men and women.
Amenorrhea may occur after treatment in 25-77% of treated women. The risk of ovarian
failure is higher among older women and lower in patients receiving low doses. Ovarian
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failure results from a reduction in the number of granulosa cells, follicle sizes, maturation
of oocytes, and levels of estradiol and progesterone [148]. In men, prolonged or permanent
oligospermia or azoospermia has been observed [149]. Due to the risk of gonadal insuffi-
ciency, therapeutic alternatives, such as biologics, are suggested in patients of childbearing
age. However, if CYC must be used, gonadotropin-releasing hormone analogs (GNRHa)
should be combined with treatment [2]. GnRHa can exert direct protective effects on the
ovaries through peripheral GnRH receptors and significantly reduce the risk of ovarian
failure in young women with severe SLE [149]. CYC treatment is strongly associated with
azoospermia; therefore, sperm banking before therapy should be considered. Additionally,
testosterone supplementation during treatment helps preserve testicular functions and
fertility [150,151].

4.3.3. Urotoxicity

Acrolein is an extremely reactive CYC metabolite [152]. In the urogenital epithelium,
it promotes the intracellular production of reactive oxygen species (ROS) and nitric oxide
(RNOS), which cause oxidative stress, lipid peroxidation, and mitochondrial dysfunction.
The ROS and RNOS also promote protein-DNA adducts formation that causes inflam-
mation, necrosis of the bladder mucosa, and gross hematuria [153]. Hemorrhagic cystitis
(HC) can occur in 4-36% of CYC-treated patients with autoimmune diseases [151], with
the cumulative CYC dose being the most important predictor for its presentation [154].
HC is considered a premalignant lesion that can eventually progress to transitional cell
carcinoma of the urinary tract or fibrosis of the bladder, requiring the definitive interrup-
tion of treatment [155]. Patients should be advised to consume copious fluids or be given
intravenous fluids with CYC administration to dilute the toxic metabolites in the urine to
avoid HC. Patients receiving pulsed cyclophosphamide may simultaneously receive oral or
IV sodium 2-mercaptoethanesulfonate (MESNA) at 20-40% of CYC dose, which will slow
down the metabolism of 4-hydroxymetabolites and help detoxify acrolein in urine [156].
CYC increases the risk of bladder carcinoma and cervical intraepithelial neoplasms [147].
Daily CYC intake is associated with a heightened risk of bladder carcinoma and is depen-
dent on the dose and duration of exposure. IV CYC regimens have lower total doses than
prolonged daily oral regimens, and their associated incidence of bladder cancer may be
lower because it is typically coupled with MESNA [154,157].

Additionally, development of non-urinary tract cancers in CYC-treated patients with
rheumatic diseases, such as rheumatoid arthritis, is not uncommon. Neoplastic complica-
tions, including skin and hematologic malignancies and cervical atypia, are probable, even
in patient treated with cumulative doses less than 10 g [135].

4.3.4. Infections

CYC can induce neutropenia, lymphopenia, thrombocytopenia, and anemia [158].
After CYCIV therapy, the lymphocyte count nadir occurs within approximately 7-10 days
and granulocytes between 10 and 14 days. These counts typically recuperate after 21 to
28 days [135]; however, severe hematologic toxicity may occur in patients with polymor-
phisms of CYP2B6, GSTA1, and GSTP1 [159].

The frequency of infections—bacterial, herpes zoster, fungi, and some opportunistic
infections (e.g., P. carinii), being the most reported—is about 37% [158,160]. The prevalence
of infection is similar between IV CYC (39%) and oral (40%), the risk factors including
leukocyte nadir <3000 cells, sequential CYC regimens, and combination with high-dose
GC [161].

4.3.5. Pulmonary Toxicity

Adverse events affecting the pulmonary system occur in less than 1% of treated
patients. They manifest as early-onset interstitial pneumonitis (within six months of
starting treatment) or as late fibrosis [162]. Acute interstitial pneumonitis may mimic new
lupus pulmonary manifestations in a patient with active disease, making it difficult to

21



Medicina 2023, 59, 56

diagnose, and late-onset fibrosis may insidiously develop after months to years of CYC
therapy [135].

4.3.6. Cardiac Toxicity

Oxidative stress and activation of the inflammatory pathway via NF«(3, with the si-
multaneous release of pro-inflammatory cytokines (IL-2, IL-10, IL-6, and TNF-«) associated
with acrolein, induces hypertrophy, myocardial fibrosis, and arrhythmogenesis [163]. The
clinical manifestations include tachyarrhythmias, hypotension, heart failure, myocarditis,
and perimyocarditis. Albeit cardiac toxicity is rare with CYC treatment regimens in SLE, it
is more frequent in oncology regimens [158].

4.4. Safety in Pregnancy

Exposure to cyclophosphamide during the first trimester of pregnancy can lead to
spontaneous abortion or congenital malformations, including growth restriction, ear and
craniofacial abnormalities, absence of fingers, hypoplastic limbs, exophthalmos, cleft palate,
and skeletal abnormalities [164].

4.5. Monitoring

Due to the potentially severe toxicity of cyclophosphamide, the following monitoring
regimens are of the highest importance.

1. Rule out pregnancy in women of childbearing age before starting therapy [165].

2. Advise women of childbearing potential to use effective contraception during treat-
ment with cyclophosphamide and for up to one year after the last dose [165].

3.  Recommend male patients with female partners of reproductive potential to use
effective contraception during CYC treatment and for four months after the last dose.

4. Inform patients about the possible risks of infertility with therapy [165].

5. Perform a baseline blood count weekly for the first four weeks, every two weeks until
the second month, and monthly thereafter. Do not start treatment in patients with an
absolute neutrophil count of <1500/ mm? and platelets of <50,000/ mm? [166].

6.  Correct or exclude any type of urinary obstruction because this may increase the risk
of urotoxicity [166].

7. Perform urinalysis to evaluate the presence of hematuria, proteinuria, or bacterial
infections. This test is initially recommended weekly for the first four weeks, then
twice weekly until the second month, and monthly thereafter.

8.  Surveillance for signs/symptoms of infection.

9. Monitor for signs and symptoms of cardiotoxicity or pulmonary toxicity [167].

5. Azathioprine (AZA)

AZA is one of the oldest immunosuppressive agents in use, having been used for
several decades [135,168]. It is a purine analog developed from the anti-cancer agent
6-mercaptopurine (6-MP), initially purported to be a long-lived pro-drug version of 6-MP
for better chemotherapy [168,169]. It was soon found to possess a better therapeutic
index and effectively induced remission in childhood acute leukemia [168]. Later, it was
shown to have immunosuppressive properties, such as reducing antibody production,
prolonging allograft survival in transplant patients, reducing the severity of experimental
lupus nephritis, and showing efficacy in treating rheumatologic diseases [168,169]. AZA
is currently a valuable immunosuppressant for managing multiple SLE manifestations
and a myriad of hematologic malignancies, rheumatologic disorders, and solid organ
transplantation [168,170,171]. AZA is the only drug in its class currently in wide use for
SLE management [171].
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5.1. Mechanism of Action

Although the immunomodulatory mechanism of AZA is not well elucidated, its
generally accepted to be mediated by DNA synthesis inhibition [171]. After its absorp-
tion, AZA is first non-enzymatically reduced by glutathione to 6-MP and then enzy-
matically converted to 6-thioinosinic acid (6-TIA), 6-thiouric acid (6-TUA), 6-methyl-MP
(6-MMP), and 6-thioguanine (6-TG), which are collectively called thioguanine nucleotides
(TGNs) [135,168,172]. The TGNs (6-TG and 6-TIA) block the de novo purine synthesis
pathway and, ultimately, DNA synthesis by incorporation. Blocking the de novo purine
synthesis is thought to underlie AZA’s relative specificity to lymphocytes as they lack a
salvage purine synthesis pathway; however, the DNA synthesis blockade alone does not
sufficiently explain all the clinical findings of AZA-induced immunosuppression [168].
For instance, AZA reduces the levels of T cells, B cells, and natural killer cells, inhibiting
both cellular and humoral immunity, as well as suppressing autoantibody formation and
prostaglandin synthesis [173].

Other mechanisms contributing to AZA-induced immunosuppression, such as the
following. (1) Direct apoptosis of T cells and inhibition of cell migration: in vitro studies
showed that AZA and its metabolite, 6-TG triphosphate, interact with and block RAC1,
a GTPase functioning in T-cell activation pathways, survival, migration, and adhesion.
By blocking RAC1, all RAC1 target genes crucial for inflammation, T-cell activation, and
survival, such as NF-«f3, mitogen-activated protein kinase (MAPK), and bcl-Xp,, a protein
complex with antiapoptotic properties, are suppressed [174]. Therefore, AZA surges T-cell
susceptibility to apoptosis [174]. (2) Decreased synthesis of inducible nitric oxide synthase
(iNOS): another in vitro study has shown that AZA can block RAC1 action in macrophages,
a function necessary for iNOS expression. This blockade reduces iNOS mRNA levels,
which is associated with decreased expression of IRF-1 (interferon regulatory factor 1) and
IFN-beta (beta-interferon) mRNA. Hence, the inhibition of iNOS might contribute to the
anti-inflammatory properties of AZA [174,175].

5.2. Efficacy

Despite several decades of clinical use, AZA has not been established as a first-line
drug in severe SLE treatment [135]. In LN, it is most effectively used as a maintenance or
steroid-sparing agent (2-3 mg/kg/day) employed after induction of remission with more
potent and faster-acting agents, such as CYC or MMF [171]. Following the MAINTAIN
trial, MMF usurped AZA as the preferred treatment in LN. However, AZA has found its
niche in predominantly female patient populations of child-bearing age, as it is one of the
few immunosuppressants deemed safe during pregnancy [176]. Indeed, it is considered
the first-choice drug in pregnant patients [171,176].

The remission-maintaining benefits of AZA are not restricted to LN SLE manifestations
alone. It is generally prescribed in SLE cases without renal involvement, where recurrent
flares occur, due to its ability to reduce the frequency of flares [171,176]. It is reported
to be effective in managing severe cutaneous SLE, autoimmune hepatitis, inflammatory
bowel disease (IBD), and organ transplantation [135,170,173]. AZA is also efficacious as
maintenance therapy in neuropsychiatric SLE and rheumatoid arthritis; however, it is not
well tolerated with arthritis [177].

5.3. Safety
5.3.1. Genetic Predispositions

In hematopoietic cells, the primary enzyme that metabolizes AZA to its final active
metabolites (TGNs) is thiopurine methyltransferase (TPMT). It has been shown that TGN
accumulation in cells, which is inversely related to TPMT activity, is a significant determi-
nant of AZA’s toxicity and efficacy [172,178]. Interestingly, population studies show that
1 in 300 patients lack TPMT activity, and 10% have partial activity. These patients have
genetic polymorphisms of TPMT that make for poor AZA metabolism; thus, they have
an increased risk of toxicity or failed treatment [62,172,178]. Hence, testing for TPMT is
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recommended to help predict efficacy and drug-induced toxicity in AZA-treated patients
with such polymorphisms [62]. However, pre-treatment TPMT genotyping or phenotyping
is not widely implemented in rheumatology because it lacks consistency and may not
identify many patients who eventually develop myelotoxicity [170,178]. The side effects of
AZA are summarized in Table 5.

Table 5. Summary of Organ-Specific Side Effects of Azathioprine Therapy.

Organ

Side Effect

Reproductive system
Gastrointestinal tract

Immune system

Developmental delays, pancytopenia, premature birth, mild malformations

Anorexia, nausea, vomiting, and diarrhea, pancreatitis, hepatotoxicity

Myelosuppression (leucopenia and thrombocytopenia), anemia, bleeding, increased risk of
herpesvirus (CMV, VZV, HSV, EBV) and bacterial infection, non-Hodgkin’s lymphoma

5.3.2. Hematological Effects

Myelosuppression is a significant complication of AZA treatment. Leucopenia and
thrombocytopenia complications occur in up to 27% and 5% of AZA-treated patients,
respectively. The risk of these myelosuppressive side effects is greatest in patients with low
TPMT activity [170], although it also occurs in patients with normal TPMT activity [135,178].
Low or no TPMT function leads to the accrual of higher intracellular concentrations of
TGN, increasing the risk of severe myelosuppression [178,179]. The MAINTAIN study
showed that AZA induces hematological cytopenias more frequently than other drugs,
such as MMF [176], eliciting subsequent complications, including sepsis, severe anemia,
and bleeding [180]. Yet, mild symptoms are usually reversible with treatment withdrawal
and are dose-dependent [170,178]. Concurrent usage with allopurinol, febuxostat, xanthine
oxidase inhibitors, or ACE inhibitors augments the risk of myelosuppression by altering the
balance between active and inactive metabolite levels [178,181]. Some authors recommend
a switch to a different medication or tapering the doses in severe cases [170,180].

Reports of AZA causing neoplasms remain controversial, as the many studies designed
to answer this conundrum have generally been underpowered and only yielded conflicting
results. The preponderance of reported cancers in the literature is non-Hodgkin’s lym-
phoma. Many of these lymphomas have been associated with Epstein—-Barr virus (EBV)
and immunosuppression, and some lymphomas resolve after treatment cessation [178].

5.3.3. Increased Risk of Infections

Like all immunosuppressive regimens, AZA increases the risk of infections. An exten-
sive comparative study of SLE patients taking immunosuppressants found no significant
difference between the infection rates of AZA (17.8%) and MMF (17.4%) [182]. Due to its
cytotoxic effects on lymphocytes, AZA has a propensity for causing viral infections, includ-
ing EBV, cytomegalovirus (CMV), or varicella-zoster virus (VZV) [178]. However, some
studies suggest that bacterial infections are more common [182]. In contrast, studies show
that MMF-AZA combination therapy gives a very low risk of severe infections compared
to CYC, GCs, or either of them alone, being matched only by TAC [183].

As there is potentially an enhanced risk of vaccine-preventable infections in AZA-
treated patients with rheumatological diseases, such as SLE and IBD, a vaccination strategy
is essential. The European Crohn’s and Colitis Organization (ECCO) guidelines espouse an
intensive screening and vaccination program for infections, including VZV, pneumococcal,
hepatitis B, HPV, and influenza, at the time of diagnosis for such patients as a preventive
strategy. However, they advise against the use of live vaccines [184].
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5.3.4. Gastrointestinal Effects

Gastrointestinal (GI) intolerance is the most prevalent side effect with AZA ther-
apy, accounting for about 10% of treatment discontinuation [180]. AZA instigates several
well-documented GI symptoms, including anorexia, nausea, vomiting, and diarrhea, occa-
sionally severe enough to warrant therapy cessation [62,185].

AZA-induced pancreatitis rarely occurs in SLE patients; however, it affects 2-7% of IBD
patients. It appears in a dose-dependent but unpredictable manner. Risk factors associated
with onset include GC treatment and cigarette smoking; however, no predictive clinical tests
are available to identify at-risk patients [185,186]. Yet, a recent retrospective study involving
373 AZA-exposed IBD patients by Wilson et al. has revealed that predictability is possible
after all [185]. They showed in their work that single nucleotide polymorphisms in the
class I HLA gene region at rs2647087 mapped to the HLA-DQA1*02:01-HLA-DRB1*07:01
haplotype was a useful marker and predictor of AZA-induced pancreatitis. Accordingly,
they proposed that a genotype-guided treatment algorithm be implemented to obviate
adverse reactions [185].

Another significant AZA-induced complication is hepatotoxicity [187]. It has long
been associated with AZA therapy and demonstrated as a dose-dependent and reversible
(when the inciting agent is removed) phenomenon [178]. Generally, AZA-mediated liver
toxicity arises within 12 months of therapy initiation. The overall incidence ranges from
<1-10%, and about 90% of cases occur in males [187]. Several markers on the liver function
test panel, including the liver enzymes, are usually elevated, which can mimic cholestatic
hepatitis [187].

5.4. Safety in Pregnancy and Lactation

Notwithstanding the United States food and drugs board’s classification of AZA
as a class D agent (potentially harmful to the fetus, hence should be prescribed during
pregnancy only after careful evaluation of risk versus benefit), it is considered the first-
choice immunosuppressant during pregnancy [135,178,188]. The teratogenicity of AZA
has been established in mice and rabbits, but human fetuses lack the requisite enzymes
to convert the pro-drug (AZA) into active metabolites, hence, deemed protected from the
disfiguring effects [178,189]. Some studies have corroborated this claim; however, some
studies show that some mild complications, such as developmental delays, pancytopenia,
increased risk of premature birth, and mild malformations, may occur [178,189,190].

AZA and its metabolites are detectable in breast milk; therefore, breastfeeding is ill-
advised. However, some later studies show that AZA levels in breast milk are diminished
significantly within four hours of drug intake; hence AZA treatment is compatible with
breastfeeding [178,191,192].

5.5. Considerations in Renal Insufficiency

AZA is principally eliminated through the kidneys, and it has a short elimination
half-life between 60-120 min after its conversion to 6-MP [193]. Although it is very ef-
fective as maintenance therapy (comparable to MMF) in treating LN [176], patients with
KDIGO 3 chronic kidney disease have a higher risk of developing adverse reactions [194].
Where adverse effects occur, it is recommended to cut the dose by 75% for patients with
estimated glomerular filtration rates of <50 mL/min/ m? calculated by the Cockcroft-Gault
equation. For patients with renal replacement therapy, such as hemodialysis, 50% of the
dose should be administered before the procedure and supplemented with 0.25 mg/kg
afterwards [194,195].
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5.6. Monitoring

To prevent or minimize potential side effects of azathioprine administration, the
following monitoring mechanisms are useful.

1. Consider genotyping or phenotyping patients for TPMT deficiency and genotyping
for NUDT15 deficiency in patients who develop severe myelosuppression [195].

2. Monitor hemogram, including platelet counts weekly during the first month, twice
monthly for the second and third months of treatment, then monthly or more fre-
quently if dosage alterations or other therapy changes are necessary [196].

3. Liver function tests should be monitored periodically during therapy for early detec-
tion of hepatotoxicity https:/ /www-micromedexsolutions-com.roseman.idm.oclc.org
/micromedex2/librarian/CS/7F44AE/ND_PR/evidencexpert/ND_P/evidencexper
t/DUPLICATIONSHIELDSYNC /217C6E/ND_PG/evidencexpert/ND_B/evidence
xpert/ND_AppProduct/evidencexpert/ND_T/evidencexpert/PFActionld /evidence
xpert.DolntegratedSearch?SearchTerm=Azathioprine&fromInterSaltBase=true&User
MdxSearchTerm=%24userMdxSearchTermé&false=null&=null-cite97_de, every two
weeks for the first four weeks and monthly thereafter [196].

4. Surveillance for signs/symptoms of infection.

6. Mycophenolate

MMEF, synthesized around 1990, is an ester prodrug derivative of mycophenolic acid
(MPA), an immunosuppressant used initially to avert rejection in kidney, heart, and liver
transplantation, later employed to treat rheumatic diseases. The first MMF clinical trial in
SLE was undertaken around the year 2000, and it is now considered a standard treatment
for LN [197]. There are also clinical trials demonstrating its efficacy in treating non-renal
SLE manifestations, such as arthritis, skin, or hematological involvement [198]. MMF is
usually administered at a fixed oral dosage, and side effect monitoring is not routinely
performed. However, MMF administration is sometimes associated with tolerability prob-
lems due to gastrointestinal adverse effects, such as vomiting, diarrhea, abdominal pain,
and gastritis [199]. Hence, another MPA derivative, mycophenolate sodium (MPS), has
been developed to tackle the side effects of MMEF. The enteric-coated formulation of MPS
(EC-MPS) releases MPA in the small intestine instead of the stomach, therefore, reducing
MPA-related upper gastrointestinal adverse events [2].

6.1. Mechanism of Action

MMEF, being a prodrug, is metabolized to its active form, MPA, which inhibits inosine
5-monophosphate dehydrogenase (IMPDH), an essential enzyme for guanine nucleotide
synthesis. Thus, MMF causes the dwindling of B cell, T cell, and fibroblast numbers
by inhibiting guanine synthesis. In addition, MMF has antifibrotic effects by reducing
serum concentrations of transforming growth factor  (TGFp), fibronectin synthesis, and
proliferation of mesangial cells involved in the pathogenesis of renal fibrosis [173].

MPA has also been shown to inhibit the expression and function of cell adhesion
molecules, thereby hindering the recruitment of lymphocytes and monocytes to sites of
inflammation. It also induces apoptosis of activated T lymphocytes and suppresses nitric
oxide production by reducing inducible nitric oxide synthase activity [200].

6.2. Efficacy

MMF or CYC combined with high dose GC are used as the induction and maintenance
regimens for LN classes III, IV, and V. The ALMS study (Aspreva Lupus Management
Study), involving 370 patients with LN classes III-V, compared MMF (3 g/day) with
CYC (0.5-1.0 g/m? in monthly pulses) as induction therapy and showed that MMF and
CYC had similar efficacies at 6 months and after 3.5 years. No significant differences
were detected between the groups concerning the rates of serious adverse events or infec-
tions [201]. However, race, ethnicity, and geographic region were shown to affect response
to treatment—more black and Hispanic patients responded to MMF than to CYC [201].
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Rathi et al. compared MMF (1.5-3 g/day for 24 weeks) with low CYC doses (6 infusions of
500 mg every 15 days) as induction therapy in LN. All patients also received GC therapy.
The complete remission rates were 50% and 54% in the CYC and MMF groups, respectively.
Gastrointestinal symptoms were significantly more frequent in the MMF-treated patients,
but other adverse events were similar [202]. Although gastrointestinal symptoms can occur
with MMF and CYC, MMF symptoms tend to be mild and self-limiting, while in the CYC
group, the risk of dehydration, hospitalizations, and discontinuation of therapy is higher.
MMEF is preferred in young men and women due to the high risk of sperm abnormalities
and gonadal failure associated with CYC [203,204]. In a retrospective analysis of 63 patients,
the ALMS and AURA clinical trials compared high- and low-dose MMF treatment com-
bined with GCs in LN. The low-dose regimen showed no decrease in efficacy, but reduced
the risk of lymphoproliferative disorders, skin cancer, and GC-related side effects [205].

As maintenance therapies, MMF and AZA are more effective and less toxic than
CYC [17]. In a clinical trial that included 227 patients, treatment failure rates were 16.4%
and 32.4% in the MMF and AZA groups, respectively. While minor side effects, such as
infections and gastrointestinal disorders, occurred in more than 95% of patients in both
groups, serious adverse effects occurred in 33.3% and 23.5% of the AZA and MMF groups,
respectively [206]. MMF is the most widely used agent in maintenance treatment. However,
MMF's superiority over AZA was neither affirmed in the MAINTAIN study that compared
them in the long term [207], nor in a meta-analysis study that included seven controlled
clinical trials, where no significant differences were found between groups in terms of
mortality, relapse, exacerbation of renal disease, doubling of serum creatinine, infection, or
gastrointestinal symptoms. Nonetheless, the MMF group had a lower risk of leukopenia
and amenorrhea [203].

MMF’s efficacy in managing non-renal SLE manifestations has only been published
in case reports and uncontrolled clinical trials. In a retrospective study where a cohort
of patients with vasculitis and SLE were treated with MMF and GC, the therapeutic
GC doses were significantly lower when combined with MME, and 46% of the patients
responded well to therapy [208]. In their systematic review published in 2017, Fong et al.
suggested that MMF may be efficacious in managing refractory SLE manifestations, such as
hemolytic anemia, thrombocytopenia, and cutaneous lupus, and patients with low-grade
disease activity that is irresponsive to other immunosuppressive agents, such as AZA
and MTX [209]. There are reports of the use of MMF in treating pulmonary hemorrhage,
interstitial lung disease, pericarditis, and myocarditis [210]. However, it is not possible
to definitively determine the optimal dose or duration of treatment, as more compelling
studies are required to make recommendations.

6.3. Safety

Patients treated with MMF have a lower risk of ovarian failure, alopecia, leukopenia,
and serious infections compared to CYC, but diarrhea is more common with MMF [211].
Gastrointestinal symptoms, such as diarrhea, nausea, and vomiting, are more frequent with
peak plasma concentrations of MPA. For better tolerance, it is advisable to subdivide the
daily MMF dose into two or three administrations [139]. MPS has a lower peak plasma
concentration and may decrease the incidence of gastrointestinal events compared to
MME [139].

The risk of leukopenia is low with the doses used in treating SLE [2]; hence, serious
infections occur in less than 12%, and herpes zoster infection occurs in 4-18% of patients
exposed to MMF [212]. Cases of progressive multifocal leukoencephalopathy (PML) have
been reported in MMF-treated SLE patients [213], with hemiparesis, apathy, confusion,
cognitive alterations, and ataxia being the most frequent manifestations [213].
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6.4. Safety in Pregnancy

MMEF is contraindicated in pregnancy because about 45-49% of MMF-treated pregnant
women go through spontaneous abortions, and 23-27% of babies show congenital malfor-
mations, such as cleft lip, cleft palate, microtia, external auditory canal atresia, micrognathia,
coloboma, and hypertelorism. Other less frequently reported anomalies are abnormalities
in the extremities, congenital heart defects, esophageal atresia, diaphragmatic hernia, ver-
tebral defects, and renal anomalies [214]. Due to its speculated teratogenic potential, the
European Medicines Agency recommends that sexually active men on MMF use a condom
during sexual intercourse and for 90 days after therapy discontinuation. Additionally, it
recommends that men donate sperm no earlier than 90 days after MMF treatment [214].
Furthermore, breastfeeding is not recommended during MMF treatment; however, there is
only tenuous evidence for this recommendation. Rats secrete MPA in their breast milk, but
there is no data for human breast milk [214,215].

6.5. Monitoring

The following recommendations have been found to maximize effectiveness, while
minimizing side effects using MPAs.

1. There is pharmacokinetic variability with MPA metabolism, and side effects are
more probable with higher plasma concentrations in SLE patients. Hence, ascer-
taining the MPA concentration per patient can help reduce the risk of adverse reac-
tions and improve effectiveness. Plasma MPA levels can be requested before and
after any modification in MPA therapy, or when initiating or stopping concomitant
medications [212].

2. Monitor patients with previous hepatitis B virus (HBV) or hepatitis C virus (HCV)
infection for signs of reactivation [216].

3. Complete Blood Count weekly for the first month, twice a month for the second and
third months, and then monthly for the first year of therapy [216].

4. Watch for signs/symptoms of infection [216].

5. Perform a pregnancy test 8 to 10 days before starting MMF, another immediately
before starting the drug, and periodically with controls [217].

6.  Women must use two effective contraception methods simultaneously before starting
and during treatment and for six weeks after treatment [217].

7. Sexually active men (including vasectomized ones) taking MMF are advised to use
condoms for intercourse during treatment and for 90 days after cessation. Their
partners of childbearing potential should also use contraception during the same
period [217].

8. Patients should be advised not to donate blood during therapy or within six weeks of
stopping treatment [217].

9. Men should not donate sperm during therapy or for 90 days after discontinuation [217].

7. Calcineurin Inhibitors
7.1. Tacrolimus

Tacrolimus (TAC, FK506) is an immunosuppressant macrolide isolated from Strepto-
myces tsukubaensis in a soil sample obtained from Tsukuba, Japan, in 1984 [173,218,219]. It
is categorized as a calcineurin inhibitor (CNI), along with its predecessor, cyclosporin A
(CSA). However, TAC is more potent (about 30-100 times) and less toxic than CSA [220,221].
It was initially employed in preventing allograft rejection in transplant patients with very
satisfactory outcomes [219]. Later, several studies demonstrated its efficacy in managing
autoimmune diseases, such as SLE, rheumatoid arthritis, and psoriasis [222-224]. TAC is
currently used in treating SLE, particularly recalcitrant LN, severe cutaneous and discoid
manifestations [62,188,218].
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7.1.1. Mechanism of Action

Calcineurin is a calcium/calmodulin-dependent serine/threonine protein phosphatase
involved in T-cell activation. When activated, calcineurin dephosphorylates and ac-
tivates target transcription factors, chiefly, nuclear factor of activated T-lymphocytes
(NFATs), crucial in IL-2 expression and T-cell activation. TAC complexes FK506 bind-
ing protein 12 (FKBP12) and inhibits calcineurin’s function by binding it tightly in the
cytosol. Consequently, NFAT is left inactive and unable to upregulate IL-2 transcription.
Hence, T-cell activation and subsequent secretion of cytokines, such as IL-2, IL-1f3, IFN-
¥, TNF-«, IL-6, and IL-10, as well as B-cell activation and antibody class-switching, is
impaired [188,218,225,226].

Also, IL-2 production can be attenuated by inhibiting nuclear factor x5 (NF-kf3).
TAC favors Ik3 /NF-kf3 complex formation (the inactive state of NF-«k[3), which leads to
modulation of pro-inflammatory gene expression [227,228]. TAC has also been associated
with other actions in vitro, such as promoting the expression of transforming growth factor-
beta 1 (TGF-f1), which could underly the nephrotoxicity and pulmonary fibrosis associated
with this drug [229].

7.1.2. Efficacy

Tacrolimus is available in injection, capsules, or ointment formulations for intra-
venous, oral, or topical administration, respectively [230]. TAC is strongly recommended
for treating SLE, especially recalcitrant LN and severe cutaneous manifestations, due to its
top-grade efficacy and safety profile [188,227,231]. Topical formulations of TAC have excel-
lent effectiveness in treating a wide range of cutaneous autoimmune disease manifestations,
such as atopic dermatitis, psoriasis, perineal Crohn disease, uveitis, and SLE [222-224,227].
Cutaneous autoimmune lesions are widespread and often mar its victims [231]. These cuta-
neous diseases are mainly treated with systemic immunosuppressants, such as HCQ, MME,
CYC, AZA, or methotrexate, with some good outcomes. However, this approach is fraught
with systemic side effects stemming from the generalized immunosuppression [231,232].
Better results are achieved when topical TAC is employed, and the systemic side effects
are circumvented [231]. Lampropoulos et al. showed that even 0.1% topical TAC was
efficacious in treating cutaneous SLE resistant to other treatments [231].

In LN mouse models, TAC diminished proteinuria and preserved their renal function
by stabilizing podocyte cytoskeleton and preventing podocyte apoptosis [218]. In these
models, TAC also suppressed the progression of glomerular hypercellularity, crescent
formation, and serum anti-dsDNA antibody levels [188]. Thus, it has been used in humans
as both induction and maintenance therapy for LN, usually in combination with GCs (“duo
therapy”) or with MMF added (“triple therapy”) [188]. Some small randomized clinical
trials (RCTs) show that TAC is as potent as intravenous CYC in treating proliferative LN,
but a meta-analysis study suggests that it is superior to CYC as induction therapy in LN.
However, some of these reports should be taken with some reservations as their sample
sizes were small [218]. RCTs comparing TAC with MMF and CYC as induction therapy
in proliferative and membranous LN or with AZA as maintenance therapy showed equal
efficacies in all cases [218]. Even in LN classes III, IV, and V, TAC (0.06-0.1 mg/kg/day)
was shown to be non-inferior to MMF (2-3 g/day) over 6 months in an RCT involving
150 patients [218].

TAC combined with MMF (triple therapy) is even more potent. Low-dose MMF-TAC
combination was shown in an RCT to be superior to IV CYC pulses over 24 weeks (45.9%
versus 25.6%; p < 0.001) [233]. The same regimen was successfully used to treat recalcitrant
LN and patients from diverse backgrounds (African Americans and Caucasians) with
proliferative LN partially responsive to MMF treatment [218].

However, it is noteworthy that long-term evidence about the effectiveness of TAC is
lacking, as most RCTs only extend to six months [188,218]. Secondly, the CNIs (TAC and
CSA) exhibit inter- and intra-individual pharmacokinetic variability due to inherent high
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variability in absorption, distribution, metabolism, and clearance [234]. Lastly, TAC shows
superior efficacy in Asians with LN than in other subgroups [188].

7.1.3. Safety
Drug-Drug Interactions

TAC undergoes substantial first-pass metabolism, mediated by hepatic cytochrome
P450 enzymes, CYP3A4, and CYP3A5. Certain CYP3AS5 polymorphisms are associated
with increased TAC clearance and others with slower clearance. Hence, for optimal efficacy,
the CYP3A5 genotyping of TAC-treated patients should be determined, as it would have
dosage and toxicity implications [173,230,235]. TAC is also metabolized by P-glycoprotein
(P-gp), whose expression levels are thought to be a good predictor of the dose requirements,
especially within the first week of transplant [173,230,235]. TAC is often used concur-
rently with other drugs that are essential for transplant patients. Some of these drugs,
including ketoconazole, cyclosporine A, diltiazem, erythromycin, and fluconazole, are
also metabolized by P-gp and the CYP3A enzymes; hence, they affect the metabolism of
TAC, decreasing its clearance [230,236]. Conversely, Rifampicin potentiates the elimination
of TAC, reducing its bioavailability. Therefore, these drug-drug interactions should be
considered in TAC dosage determination [230,236].

Renal Effects

Nephrotoxicity associated with CNIs is the primary concern with their usage; hence,
it is dubbed their “Achilles heel” [237]. CNIs induce vasoconstriction of the afferent renal
arteriole by elevating vasoconstrictors, such as endothelin and thromboxane, and activating
the renin-angiotensin system, while suppressing vasodilator factors, such as prostaglandin
E2, prostacyclin, and nitric oxide. In addition, CNIs inhibit COX-2, which contributes
to the vasoconstriction, resulting in a reduced glomerular filtration rate [234,237]. This
reversible, hemodynamically mediated renal dysfunction is known as “acute CNI nephro-
toxicity” and is reversible [234,237]. Moreover, free radical formation plays a role in acute
nephrotoxicity [237]. In addition to the hemodynamic effects, CNIs cause renal tubular
functional alterations, leading to hypomagnesemia, hyperkalemia, hyperuricemia, and
hyperchloremic metabolic acidosis [237]. Acute nephrotoxicity is associated with high
systemic CNI doses [218].

In 1984, Myers et al. found that in addition to acute nephrotoxicity, long-term use
of CSA in heart transplant recipients was associated with irreversible renal functional
deterioration due to irreversible and progressive tubulointerstitial injury and glomeru-
losclerosis [238]. This irreversible injury was also found with TAC and termed “chronic CNI
nephrotoxicity” [237,239]. Histological features, including arteriolar hyalinosis, tubular
atrophy, interstitial fibrosis, and focal segmental or global glomerular sclerosis, are typical,
but not pathognomonic of chronic CNI nephrotoxicity [218]. However, TAC appears to be
less renotoxic than CSA because of its weaker vasoconstrictive effect and lower fibrogenic
potential [218,237]. Risk factors for CNI nephrotoxicity include higher doses, concurrent
use of other nephrotoxic drugs (e.g., NSAIDs), salt-depleting medicines and diuretics, and
older kidney age. Others include genetic polymorphisms of the liver cytochrome enzymes
(CYP3A4/5) and the multidrug efflux transporter P-gp and interactions with CYP3A4 and
P-gp inhibitor drugs (e.g., ketoconazole) [218,234,237].

Neurological Effects

TAC-induced neurotoxicity occurs in approximately 25-31% of treated patients, of
which 20% experience mild symptoms, such as tremors (most common), headaches, ver-
tigo, photophobia, dysesthesia, paresthesia, mood disturbances, and insomnia [240]. Major
neurotoxic symptoms, including confusion, seizures, cortical blindness, encephalopathy,
and coma, occur in 5-8% of treated patients [240-242]. The major complications usually
manifest within 30 days and are linked with high plasma TAC levels [241]. Rare com-
plications, such as peripheral neuropathy and posterior cerebral edema syndrome, may
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occasionally occur [240,243]. These neurologic symptoms are reversible with cessation
of TAC administration [240,241,243]. Some risk factors for developing TAC neurotoxicity
include intravenous administration, high blood levels, and concurrent use with CYP3A4
inhibitor drugs (e.g., Nefazodone) [240].

Metabolic Abnormalities

Treatment with the CNIs is linked to metabolic disorders, including hyperglycemia,
hyperuricemia, hypomagnesemia, and hyperkalemia, which are alterations that have been
described in patients taking TAC; however, they tend to be less frequent compared to the
other calcineurin inhibitors [244,245]. While hyperlipidemia (elevated LDL-cholesterol and
triglyceride levels) is more uncommon with TAC treatment than CSA, diabetes mellitus
(DM) is more frequent with TAC treatment [188,244]. TAC was shown to reversibly inhibit
insulin mRNA transcription, insulin synthesis, and ergo insulin secretion in both in vitro
and in vivo studies [244,246]. TAC-affected islet beta-cells show degranulation, vacuolation,
and swelling of the mitochondria, Golgi apparatus, and rough endoplasmic reticulum [247].
These abnormalities usually resolve with dose reduction, although sometimes they require
treatment suspension [244]. Consequently, all CNI-treated patients should have serum
glucose, lipid profile, serum uric acid, and electrolyte monitoring [222].

Infections

Relative to other immunosuppressive regimens for SLE patients, TAC has a top-grade
efficacy-to-toxicity ratio. In a comparative meta-analysis study of several immunosuppres-
sive drugs for SLE, TAC was associated with a significantly lower risk of severe infections
than AZA, MME, GC, and CYC, only matched by MMF-AZA combination therapy [183].
Nevertheless, gram-negative sepsis and cytomegalovirus infection, as well as herpes sim-
plex virus and chickenpox infections, have been described in transplant patients [183,248].
The risk of infections is linked with the concomitant use of other immunosuppressants,
such as AZA, and hematological disorders, such as leukopenia [249]. Hence, clinical and
laboratory monitoring is recommended for patients on CNIs [249].

7.1.4. Safety in Pregnancy and Lactation

Unlike CYC and MMF, TAC (along with AZA) is one of the few pregnancy-compatible
immunosuppressants for SLE patients because it has no ill effects on fertility in
women [214,250,251]. Albeit AZA is considered the first-choice medicine for pregnant
LN patients, TAC is indicated in AZA-resistant or AZA-intolerant cases [188,218]. Further,
only a negligible amount of TAC is detectable in breastmilk; hence, it is breastfeeding-
safe and recommended for younger patients who want to preserve fertility [218]. Table 6
summarizes organ-specific side effects Tacrolimus therapy.

Table 6. Summary of Organ-Specific Side Effects of Tacrolimus Therapy.

Organ Side Effect
Acute nephrotoxicity (hypomagnesemia, hyperkalemia, hyperuricemia, hyperchloremic metabolic
Kidney acidosis), chronic nephrotoxicity (arteriolar hyalinosis, tubular atrophy, interstitial fibrosis,

Central nervous system

Cardiovascular system
Immune system

glomerular sclerosis)

Tremor, headache, vertigo, photophobia, dysesthesia, paresthesia, mood disturbances, insomnia,
confusion, seizures, cortical blindness, encephalopathy, coma, peripheral neuropathy, posterior
cerebral edema syndrome

Hyperlipidemia (high LDL cholesterol and triglycerides), hyperglycemia

Slightly increased risk of bacteria and herpesvirus infection
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7.1.5. Recommendations in Drug Administration and Monitoring

There are two recommended administration forms: the conventional and modified
release forms. The latter attempts to favor the drug’s bioavailability and, therefore, reduces
the dosage to once daily, increasing patient adherence to the treatment. Ideally, it should
be taken on an empty stomach, and it is not recommended for the patient to chew the
drug [173].

1.  Monitor frequently: blood glucose, renal function, liver function, serum potassium lev-
els (especially in patients receiving other medications associated with hyperkalemia),
electrolytes (i.e., magnesium, potassium, calcium) [245,252].

2. Monitor ECGs periodically during treatment, especially in patients at risk for QT
prolongation (concomitant use of other QT-prolonging drugs or CYP3A inhibitors,
electrolyte disturbances, congestive heart failure, or bradyarrhythmia) [253].

3. Surveillance for signs/symptoms of opportunistic infections.

4. Surveillance for signs/symptoms of Neurologic abnormalities.

7.2. Cyclosporine

Cyclosporin A (CSA) was introduced as an alternative immunosuppressant in 1980 [254].
It is a calcineurin inhibitor that preferentially binds to cyclophilin, unlike tacrolimus, which
has an effect on FKBP12. Cyclosporine is generally considered to have a lower potency (up
to 100-fold less) than TAC [250].

Inhibition of calcineurin prevents the translocation of cytokine-related transcription
factors (such as those responsive to IL-2), with subsequent inactivation of T cells achieving
modulation of autoimmune activity [255]. In addition, cyclosporine has been shown to
have effects on podocytes that may reduce proteinuria [250,254,256].

CSA is a lipophilic drug, with a narrow therapeutic range. It is metabolized mainly
through CYP3A4 and is a substrate of P-glycoprotein. Its pharmacokinetics can be altered
by food intake or even in situations such as hypoalbuminemia or hepatic failure [254,256].

7.2.1. Safety

In general, calcineurin inhibitors have been associated with metabolic, hematological,
renal, and neurological effects. Monitoring of cyclosporine levels is recommended to avoid
toxicity-associated effects [256]. Adverse effects usually improve after discontinuation of
the drug. Currently, in different consensuses, the use of TAC is preferred over CSA due to its
better safety profile and better control of the disease during maintenance therapy [17,256].

Nephrotoxicity

Acute and chronic nephrotoxicity have been described with cyclosporine. The drug’s
own vasoconstriction and fibrogenic potential were considered as factors associated with
the development of this adverse reaction. The reduction in glomerular filtration rate
associated with these drugs has not been associated only with elevated levels—it appears
that other associated pathological or genetic conditions could trigger renal injury. It
is recommended to monitor serum electrolytes as cyclosporine may be associated with
hyperkalemia [256].

Metabolic

Cyclosporine patients are at risk of developing dyslipidemia and hirsutism, as well
as hypertension. Monitoring of blood pressure, lipid profile, and changes in body hair
distribution is recommended [256].

8. Methotrexate (MTX)

MTX is an antifolate drug derived from aminopterin. It is indicated as a disease-
modifying drug in RA [257,258], inflammatory polyarthritis [259], severe psoriasis [260,261],
psoriatic arthritis [261], juvenile idiopathic arthritis [257], ankylosing spondylitis [262],
dermatomyositis [263], polymyositis [263], Crohn’s disease [264], and SLE [258,265]. In
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SLE, its use is indicated in patients who respond inadequately to antimalarials [266] and in
patients with moderate SLE with skin, joint, and serous involvement, but without kidney
involvement [258,265].

8.1. Mechanism of Action

MTX enters cells through the folate transporter type [257] and the reduced folate
carrier type 1 (RFC1) [267]. At the intracellular level, MTX in the form of monoglutamate
undergoes glutamic acid additions, forming polyglutamates, a more active and potent
form of drug [267]. These polyglutamates inhibit several enzymes: (a) 5-aminoimidazole-4-
carboxamide ribonucleotide (AICAR) transformylase (ATIC), an enzyme that participates
in the de novo biosynthesis of purines [267]—when this enzyme is inhibited, levels of
adenosine, a molecule with anti-inflammatory effects, increase [262]; (b) thymidylate
synthase (TYMS), an enzyme that participates in the synthesis of pyridimines; (c) en-
zymes involved in polyamine transmethylation and synthesis reactions, thus decreasing
the production of ammonium and H,O,, harmful agents for cells and joint tissues [267];
(d) dihydrofolate reductase (DHFR) and methylenetetrahydrofolate reductase (MTHFR),
folate-dependent enzymes involved in the synthesis of purines, thymidylate, serine, me-
thionine, and DNA [257,262].

Inhibition of DHER further inhibits the production of tetrahydrobiopterin (BH4), a
cofactor of nitric oxide synthase. By decreasing the activity of this enzyme, the formation of
nitric oxide is decreased and the production of ROS that activate JUN N-terminal kinases
(JNKs) increases. This activation increases the activity of the transcription factors AP-1 and
NF-«B, promoting apoptosis of inflammatory cells [267].

8.2. Efficacy

In rheumatic diseases, MTX is administered once a week, orally, subcutaneously or
intramuscularly [268]. It can be considered in moderate or severe SLE [268], which responds
sub-optimally to antimalarials and in those cases where it is not possible to reduce the GC
dose [269]. It is administered in doses of 7.5 to 25 mg per week, and favorable responses can
be observed in 4 to 12 weeks [268]. Parenteral MTX seems to be useful in general, especially
in those patients with insufficient response to oral MTX [270]. The parenteral route does
not seem to increase the rate or severity of adverse events compared to the oral route and
could reduce costs in those patients with an inadequate response to oral MTX [270].

Sakthiswary et al. evaluated the evidence for the use of MTX in SLE in a sys-
tematic review that included three controlled trials [258,271,272] and five observational
studies [273-277], finding a significant reduction in the SLEDAI score and reduction in the
mean dose of GC among patients treated with MTX [269]. MTX also reduces the average
use time of prednisone [258], and this GC-sparing effect is relevant in light of the risk of
adverse reactions associated with its use [258].

Patients with SLE where there is evidence of benefit are those with joint, cutaneous,
and serous involvement [268,272,274]. In contrast, it seems to be effective in improving
the serological alterations that are frequently observed during a lupus flare, observing
increased levels of C3 and C4 and a decrease in the levels of anti-dsDNA, IgG, IgA, and
IgM antibodies [277]. It is not recommended for interstitial lung disease, hepatitis, or
cytopenias [268], and clinical trials where its efficacy has been studied have excluded
patients with LN and NPSLE [278].

8.3. Safety

Although it is generally well tolerated, the use of MTX can cause pancytopenia,
hepatotoxicity, pulmonary toxicity, nephrotoxicity, gastrointestinal adverse events, and
skin rashes [279]. The most frequently reported adverse events are gastrointestinal [67,280]
and leukopenia [67]. The prevalence of adverse events varies between 10-70% of patients
with SLE [220,278,280], leading to the suspension of treatment in 19-33% of cases [67,280].
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8.3.1. Gastrointestinal Side Effects

The prevalence of gastrointestinal symptoms varies between 20% and 40% in patients
taking MTX [221]. The most frequent manifestations are nausea, vomiting, abdominal
pain, and mucositis [281]. Risk factors for its presentation include doses greater than
8 mg/week [221]; concomitant drugs, such as NSAIDs; bisphosphonates and GC [221]; the
absence of folic acid supplementation [282]; and kidney disease [279].

To reduce the risk of gastrointestinal reactions, it is recommended: (a) consider the
administration of MTX as a relative contraindication in patients with active gastric ulcer;
(b) supplement with folic or folinic acid at a dose greater than 5 mg/week [282,283]; (c) start
with doses of 12.5 to 20 mg/week and slowly titrate [283]; (d) administer divided oral
doses of MTX [284]; and (e) if gastrointestinal symptoms persist, consider changing the
route of administration of MTX from oral to parenteral [270,283,284].

8.3.2. Hepatotoxicity

MTX can cause elevation in liver function tests in 10-43% of patients [285]. Temporary
suspension of the drug or dose adjustment in general produces resolution of these alter-
ations; however, the evolution to chronic disease due to fibrosis has been described [281,285].
Risk factors associated with hepatotoxicity include alcohol consumption, obesity, hyperc-
holesterolemia, elevation of liver function tests before starting treatment with MTX, use of
biological agents, absence of folic acid [286], advanced age, hypoalbuminemia, diabetes
mellitus, kidney failure, and viral hepatitis [285].

Pathological changes found in liver biopsies include hepatic steatosis, focal necro-
sis, liver fibrosis, chronic inflammatory infiltrate in portal tracts, and nuclear pleomor-
phism [287].

8.3.3. Hematological Side Effects

Between 1-12% of patients treated with MTX present cytopenias [285,288], and in up
to 1.4%, pancytopenia [288]. Risk factors for the development of pancytopenia include:
advanced age, renal failure, hypoalbuminaemia, daily intake of MTX due to medication
error, absence of folic acid substitution, polypharmacy [288], and being a carrier of the
C677T polymorphism of methylenetetrahydrofolate reductase (MTHER) [289].

The temporary suspension of the drug recovers the moderate suppression of the bone
marrow within two weeks after withdrawal. However, a mortality rate between 17% and
44% can occur in patients with pancytopenia secondary to sepsis [288].

In contrast, MTX treatment has also been associated with lymphoproliferative disor-
ders. Associated risk factors include intense immunosuppression, genetic predisposition,
and increased frequency of latent infections with pro-oncogenic viruses [285,290,291].

8.3.4. Pulmonary Side Effects

Approximately 1% to 8% of patients receiving treatment with MTX may present
with pulmonary alterations, such as interstitial pneumonitis [285,291]. Its presentation is
independent of the accumulated dose and the duration of treatment [285]. Risk factors
for the presence of MTX-induced pneumonitis include age older than 60 years, diabetes
mellitus, hypoalbuminemia, previous use of DMARDs, kidney dysfunction, male gender,
and pre-existing lung disease [292].

The proposed mechanism, although not clear, include hypersensitivity, direct toxicity
of the drug, and repeated viral infections [292]. Within the paraclinical findings, it is possible
to find a restrictive pattern in pulmonary function tests; a diffuse interstitial pattern on
chest radiograph; ground glass opacities, with or without consolidation foci [291]; and
basal fibrosis on CT in more advanced stages [292].
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8.3.5. Renal Side Effects

The etiology of MTX-induced renal dysfunction is mediated by a direct toxic effect or
by precipitation of MTX and its metabolites in the renal tubules at acidic urinary pH [293].
This crystallization generates infiltration of inflammatory cells and oxidative stress at the
level of the renal tubules, which manifests with an increase in renal function tests and
greater deterioration in the excretion of MTX [294].

Nephrotoxicity with low doses of MTX can be precipitated by doses not adjusted to
renal function or by concomitant treatment with drugs that interfere with the excretion
of MTX, such as probenecid, salicylates, sulfisoxazole, penicillins, and non-steroidal anti-
inflammatory agents [293].

8.3.6. Neurotoxicity

The neurotoxicity induced by MTX is described mainly in patients who receive the
drug at high doses or intrathecally [295]. The manifestations described include acute,
subacute, or chronic neurotoxicity [296]. Acute neurotoxicity occurs after hours of ad-
ministration of the drug and includes drowsiness, disorientation, seizures, headache, and
dizziness. Subacute toxicity presents after days to weeks of treatment and includes findings
of encephalopathy or myelopathy. Finally, chronic neurotoxicity, which occurs months
to years of treatment, can manifest with cognitive alterations, dementia, and leukoen-
cephalopathy [295].

At low doses, neurological symptoms are infrequent, mainly dizziness, vertigo, or
headache [297].

8.4. Safety in Pregnancy

Associated abnormalities include spontaneous abortions, preterm delivery, metatarsal
varus, palpebral angioma, growth deficiency, dysmorphic facies, multiple skeletal abnor-
malities of the skull and extremities, and less frequently, central nervous system abnormali-
ties and congenital heart defects [298].

8.5. Monitoring

The following recommendations should be followed to ensure minimal side effects
and optimal selection of candidates for MTX therapy.

1.  Evaluate risk factors for serious adverse events due to MTX, such as alcohol intake,
age over 70 years, and acute or chronic infections [299]. Avoid starting the drug in
these patients [299].

2. Perform a complete blood count before the start of treatment and at least once a
month during the first 3 months. It should then be done every 4 to 12 weeks during
therapy [283,285].

3. Perform liver function tests before the start of treatment, every month for the first
3 months, and then every 2 to 4 months [283,285].

4. Ifliver function tests are elevated less than three times the upper normal value, a dose
reduction is recommended. If they are persistently elevated more than three times
the upper normal value despite dose reduction, it will be necessary to suspend the
drug [299] and carry out complementary studies with evaluation by hepatology if the
elevation of transaminases persists despite suspension [299].

5. Itis recommended to take hepatitis B and C serology and measure serum albumin
before starting treatment and repeat it in those patients who persist with altered liver
function tests despite suspension of treatment [285].

6.  The patient should receive simultaneous treatment with folic acid to reduce the
adverse events associated with treatment with MTX [282,284,285].

7.  Perform a pregnancy test before the start of treatment and periodically during treat-
ment. Discuss with the patient the importance of contraception during treatment and
the need to discontinue treatment with MTX 3 months before conception [299].
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8. Determine the glomerular filtration rate before starting treatment, every month for
the first 3 months, and then every 4-12 weeks during treatment [285]. The dose of
MTX should be adjusted to renal function: Glomerular filtration rates (GFR) between
30 and 60 mL/min, require a reduction of the MTX dose of 30-50%, and perform renal
function tests during therapy, initially twice a week and then every 4 weeks. The
administration of MTX with a GFR <30 mL/min is not recommended [294].

9.  Evaluation of respiratory symptoms and history in patients with suspected parenchy-
mal lung disease, perform pulmonary function tests and chest radiography. Consider
more frequent monitoring of respiratory symptoms and pulmonary function tests
during therapy in this type of patient [299].

9. Dapsone

Dapsone, or 4,4-diaminodiphenylsulfone, is currently considered second-line therapy
in bullous systemic lupus erythematosus (BSLE), either in monotherapy or in combination
with GC [300-302]. Additionally, it is a treatment option in some refractory types of
cutaneous lupus erythematosus (CLE), such as discoid lupus erythematosus (DEL) and
subacute cutaneous lupus erythematosus (SCLE) [303].

After oral administration, it has a bioavailability of 70-80% [304]. It is hepatically
metabolized by hydroxylation (CYP2E1, CYP2C9, CYP3A4) to dapsone hydroxylamine
(DDS-NOH) or by N-acetylation to monoacetyldapsone (MADS) [305]. The parent molecule
and its metabolites are conjugated with glucuronic acid or sulfate for renal elimination [304].
It has a volume of distribution of 1.5 L/kg, reaching most of the tissues, especially skin,
kidney, liver, central nervous system, and placenta [305].

9.1. Mechanism of Action

The anti-inflammatory mechanism of action of dapsone involves multiple pathways:
inhibition of pro-inflammatory cytokines, such as IL-8 [305,306]; alteration of chemotaxis
and integrin-mediated neutrophil adhesion [307]; inhibition of leukocyte and eosinophil
myeloperoxidases enzymes [308]; decrease in the generation of reactive oxygen species;
and inhibition of the arachidonic acid cascade, thereby decreasing the generation of
5-lipoxygenase, prostaglandin E2, and thromboxane products [302].

9.2. Efficacy

EULAR recommends the use of dapsone at a dose of 100 mg per day in patients with
BSLE who do not respond to or require high doses of GC [309]. However, it is common to
start with a dose of 50 mg per day, which is titrated according to response and tolerance up
to a maximum of 200 mg per day [300,309].

BSLE occurs in less than 5% of SLE cases [300] and may be the initial manifestation of
the disease or be associated with lupus activity, in which case bullous lesions occur more
frequently with lupus nephritis [300]. Most of the evidence for the use of dapsone, due to the
frequency of the disease, results from case reports and retrospective analyses [300,310-312].

Hall et al. reported four patients with GC-resistant BSLE who, within the first day of
dapsone therapy, had improvement of the lesions [310].

Lourengo et al. report 3 cases of BSLE in children aged 5 to 10 years. Two were treated
with dapsone with improvement of the lesions on average between four weeks and four
months of treatment. No adverse reactions were reported [313].

In a retrospective analysis of 181 cases of patients with BSLE, 91% of patients treated
with dapsone improved partially or completely; however, treatment was discontinued
in 23% of patients due to adverse reactions, mainly anemia, hypersensitivity reactions,
and hepatitis [314]. Discontinuation of dapsone therapy before one year may result in
recurrence of lesions, but they respond to reintroduction of the drug [300].
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9.3. Safety

Hematological, cutaneous, and immunological, neuropsychiatric, gastrointestinal and
hepatic alterations may occur [305].

9.3.1. Hematological Alterations

DDS-NOH, being a potent oxidizing agent, can submit the erythrocyte to oxidative
stress, inducing hemolytic anemia, and can also oxidize the iron in hemoglobin, generating
methemoglobinemia [305]. Some risk factors for these alterations include high doses, pre-
existing hemoglobin abnormalities, low levels of cytochrome b5 reductase enzyme activity,
glucose 6 phosphate dehydrogenase (G6PD) deficiency, and the use of other drugs that
may induce methemoglobinemia [315]. Small amounts of DDS-NOH could be transported
by the erythrocytes to the bone marrow, where it could possibly interact with neutrophils
and induce agranulocytosis [305].

9.3.2. Cutaneous and Immunological Alterations

Dapsone has been associated with several cutaneous adverse reactions, such as
fixed rash, exfoliative dermatitis, erythema nodosum, erythema multiforme, morbilli-
form and scarlatiniform rashes, Stevens—Johnson syndrome, toxic epidermal necrolysis,
and DRESS [305,316].

Dapsone hypersensitivity syndrome (DHS), an idiosyncratic adverse reaction with
multiorgan involvement, has been described [317], which develops within 1 to 6 weeks
after the start of treatment [318], but it could occur even in the first 6 h of exposure in
a previously sensitized individual [317], or after six months of therapy [319]. It has an
incidence of 1.4% [320], and among the most frequent manifestations are fever, skin lesions,
hepatosplenomegaly [317], hepatic lesion with a more frequent cholestatic than hepatocel-
lular pattern, lymphadenopathy, nausea, vomiting, mucosal involvement, hematological
alterations (hemolysis, agranulocytosis, leukocytosis, anemia, eosinophilia, reticulocytosis,
atypical lymphocytosis, leukemoid reaction [317], interstitial pneumonitis, carditis, and
nephritis [319].

Duration of DHS is about four weeks or more, usually self-limiting with drug discon-
tinuation, but systemic GCs are often used as adjuvants [317]. A mortality rate of 11-13%
has been described [315,318].

9.3.3. Neuropsychiatric

Ischemic optic neuropathy [315] and motor-predominant axonal degenerative periph-
eral neuropathy have been described. They may improve after one year of drug withdrawal,
but recovery may be delayed and partial [302]. In addition, psychiatric symptoms, includ-
ing irritability, insomnia, and confusion have been reported [321].

9.3.4. Gastrointestinal

Reactions at this level include nausea, vomiting, abdominal pain, liver injury, and pan-
creatitis [302,322,323]. The highly reactive metabolite DDS-NOH induces oxidative stress
and lipid peroxidation in the liver, leading to hepatic necrosis, hepatitis, and
cholestasis [322,323].

Cases of pancreatitis have been reported within 4 months after initiation of the drug,
or weeks after dose increase in patients on prolonged therapy. All cases have resolved with
discontinuation of the drug [323].

9.3.5. Safety in Pregnancy and Lactation

Dapsone is considered category C in pregnancy because it crosses the placental barrier,
but no teratogenic effects have been observed in animals or humans [324].

It can be administered during lactation. However, because it is eliminated through breast
milk, it should be avoided in infants with G6PD deficiency and/or hyperbilirubinemia [324].
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9.4. Monitoring

1. Avoid use in patients with a history of allergy to sulfas and in patients with severe
liver disease [302].

2. Determine glucose-6-phosphate dehydrogenase levels prior to initiating therapy [302,305].

3.  Perform baseline CBC, then weekly for the first month, monthly for 6 months, and
then semi-annually thereafter [305].

4. Request reticulocyte count at the beginning of treatment, and then periodically every
3-4 months [305].

5. Perform liver and renal function tests at the start of treatment, and then every
3-4 months thereafter [305].

6.  Consider determining the methemoglobin level at the beginning of treatment and
according to symptoms [302].

7. Monitor for clinical signs of jaundice, hemolysis, and blood dyscrasias during each
visit [302,305], inquire about adverse reactions, monitor for neurological and psychi-
atric disorders [302].

10. Conclusions

SLE is one of the most common autoimmune diseases affecting our modern societies,
hence, several immunomodulatory or immunosuppressive drugs, including antimalarials
and glucocorticoids, have been developed to manage the disease. In this review article, we
described current therapies and their possible side effects.

Having been in clinical use for several decades, the antimalarials have been rigorously
studied. They are immunomodulatory rather than immunosuppressive; hence, their usage
is associated with less risk of infection and cancer, and they are better tolerated than other
treatment alternatives. Besides their high efficacy, antimalarials are also considerably safer
than many other SLE drugs, as their side effects tend to be mild, few, and rare, and they
are among the very few SLE drugs not contraindicated during pregnancy. However, they
are generally employed in symptomatic management and not useful as induction therapy.
Glucocorticoids are probably the most essential drug in treating autoimmune diseases,
such as SLE. Owing to their efficacy as immunosuppressants, GCs are used to manage
the most severe SLE manifestations as induction therapy, but are also commonly used
as maintenance therapy, usually in combination with other treatments. Albeit effective,
GCs engender significant dose-dependent side effects; hence, it is good practice to taper
their dosage over the shortest amount of time possible. Antimalarials and GCs are both
essential drugs in the doctor’s cabinet for managing SLE. Multiple other drugs, such as
cyclosporine, methotrexate, mycophenolate, azathioprine, and cyclophosphamide, are also
useful in specific cases, especially when monitored carefully.
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Abstract: Objectives: To analyze the characteristics and the predictive factors of the use of rituximab
and belimumab in daily practice in patients from the inception cohort Registro Espafiol de Lupus
(RELES). Material and methods: The study included 518 patients. We considered patients treated
with biologics who received at least one dose of rituximab or belimumab, and possible indications
of those manifestations registered at the same time or in the previous 2 months of the start of the
therapy. Results: In our cohort, 37 (7%) patients received at least one biological treatment. Ritux-
imab was prescribed in 26 patients and belimumab in 11. Rituximab was mainly prescribed for
hemolytic anemia or thrombocytopenia (11 patients, 42%), lupus nephritis and neuropsychiatric lupus
(5 patients each, 19%). Belimumab was mostly used for arthritis (8 patients, 73%). In the univari-
ate analysis, the predictive factors at diagnosis for the use of biologic therapy were younger age
(p = 0.022), a higher SLEDAI (p = 0.001) and the presence of psychosis (p = 0.011), organic mental
syndrome (SOCA) (p = 0.006), hemolytic anemia (p = 0.001), or thrombocytopenia (p = 0.01). In the
multivariant model, only younger age, psychosis, and hemolytic anemia were independent predic-
tors of the use of biologics. Conclusions: Rituximab is usually given to patients with hematological,
neuropsychiatric and renal involvement and belimumab for arthritis. Psychosis, hemolytic anemia
and age at the diagnosis of lupus were independent predictive factors of the use of biological agents.
Their global effects are beneficial, with a significant reduction in SLE activity and a low rate of
side effects.

Keywords: systemic lupus erythematosus; belimumab; rituximab

1. Introduction

Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune multisystemic
disease, with a complex pathogenesis in which immune dysregulation plays an important
role [1].
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Signs and symptoms of SLE can affect a single organ or several organ systems, making
it a difficult disease to diagnose. Typical manifestations include skin rashes, arthritis,
serositis, and lupus nephritis. Hematological and neuropsychiatric involvement are less
frequent. Early diagnosis of SLE is crucial to prevent flares and resultant tissue damage.
Treatment response can be variable and difficult to predict.

Despite the improvement in the prognosis of lupus within the last decades, the burden
of disease is still determined by both the degree and the severity of the immunologic
inflammatory disease and the resultant organ damage, either caused by the disease itself,
by comorbidities, and/or by treatments [2,3]. Sustained remission is an important goal.

With the aim of achieving better control of disease activity, new therapeutic alternatives
to glucocorticoids and immunosuppressants are being developed. A better understanding
of the etiopathogenesis of SLE has led to the introduction of a number of biologic agents
that specifically target disease pathways underlying the development and progression
of lupus [4,5]. Some of these therapies, such as rituximab and belimumab, are available
in clinical practice, while others are being tested in ongoing clinical trials. The use of
such biologic agents is recommended in patients with an inadequate response to standard
therapies [6].

Rituximab (RTX) is a chimeric mAb that targets CD20, a transmembrane protein
on all B cells except pro-B cells and plasma cells, which results in cytotoxicity and B cell
depletion [7]. Several case series and retrospective studies have shown improvement in SLE
parameters, including lupus nephritis, despite negative results of randomized controlled
trials (RCT) [8,9]. RTX efficacy was studied in nonrenal SLE with moderate to severe disease
activity and is used off-label in refractory and relapsing SLE based on several observational
nonrandomized studies [10,11].

Belimumab is a recombinant, fully human monoclonal antibody (mAb) that blocks the
binding of soluble B lymphocyte stimulator to its receptor on B cells, thus, decreasing B
cell survival, differentiation, and activation. It was the first biologic to be FDA-approved
for SLE and is available as an i.v. infusion or a subcutaneous injection. In several large
double-blinded phase III randomized controlled trials RCT, it has been shown to improve
musculoskeletal and mucocutaneous manifestations and immunologic parameters in pa-
tients with active disease on background standard-of-care therapy. These studies initially
excluded severe renal and central nervous system (CNS) forms [12-14]. A recent trial has
also demonstrated its beneficial effect on lupus nephritis when added to standard treat-
ment [15]. More recently belimumab has shown efficacy in decreasing SLE exacerbations
and reducing glucocorticoid doses, thus, contributing to decreased damage accrual [16,17].

The aim of the present study is to analyze the use of these biologic agents in daily
practice in our setting. RELES (Registro Espafiol de Lupus Eritematoso Sistémico) is the first
Spanish multicentric inception lupus cohort, a research project of the Group of Autoimmune
Diseases within the Spanish Society of Internal Medicine, in which patients with a new
diagnosis of SLE have been included since January 2009. Thus, we analyze the indications,
baseline predictive factors, efficacy, and side effects of the use of biologic therapy in the
RELES cohort.

2. Materials and Methods

A total of 518 patients were enrolled in RELES by the end of 2020. Among them, 425
had completed at least one year of follow up, 371 two years, 268 three years, and 200 four
years or more. All patients were attended at Internal Medicine Services of 44 Spanish public
hospitals. Patients were enrolled at the time when at least 4 ACR classification criteria were
met [18].

Recruitment started in January 2009 and data were prospectively collected and en-
tered in a computerized database. All patients signed an informed consent document
at the time of enrolment. The study protocol has been approved by the institutional re-
search ethics boards of the coordinating center (Hospital Universitario Cruces) and all
participating centers.
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Information on demographic characteristics, clinical manifestations, laboratory re-
sults, disease activity measured by the Safety of Estrogens in Lupus Erythematosus Na-
tional Assessment (SELENA) version of the SLE Disease Activity Index (SLEDAI) [19],
and treatments received are registered at the time of enrolment and yearly thereafter.
Damage accrual, measured by the Systemic Lupus International Collaborating Clinics
(SLICC)/American College of Rheumatology (ACR) Damage Index (SDI) [20], is first
recorded after 6 months of enrolment and yearly thereafter.

For the purposes of this study, we considered patients treated with biologics who
received at least one dose of rituximab or belimumab. We considered as possible indications
of a biological treatment those manifestations registered at the same time or in the previous
2 months of the start of the therapy. We considered biologics-related infections to be those
diagnosed within the first year after the administration of rituximab or belimumab.

Statistical Analysis

Descriptive data were generated using percentages, means, and standard deviations
(SD). Such data included baseline demographic characteristics, clinical manifestations, and
immunological profiles at baseline. Likewise, the indications for biologic use, as defined in
the previous section, were summarized.

The comparison of data from patients receiving or not receiving biologic therapy
was performed using the Chi-square test, Fisher’s exact test, non-paired Student’s t-test,
or Mann-Whitney test, as appropriate. Those variables with a p value of 0.2 or less in
the univariate analysis were subsequently included in a logistic regression model with
a backward stepwise selection of variables, in order to identify independent predictive
factors at baseline for the use of biologic drugs during the follow up.

The efficacy of biologic therapy was assessed by comparing mean SLEDAI scores just
before and 6 months after starting therapy in patients receiving these drugs by paired T-test.
Finally, infections after biologic therapy were summarized, and the proportions of treated
and untreated patients suffering infections within the same period were compared by a
Chi-square test.

All statistical analyses were performed using the IBM SPSS statistics19 software
package for Windows.

3. Results
3.1. Baseline Clinical Characteristics at Diagnosis

A total of 518 patients were included in this study. The main clinical characteristics
of the cohort and treatments received are shown on Table 1. Overall, 89% of patients
were women and 78% were Caucasians. The mean SLEDAI score at diagnosis was 9.
Most patients had mucocutaneous (75%) or articular manifestations (78%) followed by
hematological disorders (21%), nephritis (19%), and serositis (17%).

Table 1. Baseline clinical characteristics of the Registro Espanol de Lupus Eritematoso Sistémico
(RELES) cohort.

No Biologics (1 = 479) Rituximab (1 = 26) Belimumab (n = 11)
Age at disease onset, mean (SD) 40 (16) 33 (14) 32 (16)
Female, 1 (%) 426 (89) 23 (88) 11
Caucasian, n (%) 372 (78) 19 (73) 10 (91)
Hispanic, n (%) 95 (20) 5(19) 109
Asian, 1 (%) 7(1) 2(8)
Afro-American (%) 5(1)
Cutaneous disease, 1 (%) 360 (75) 19 (73) 10 (91)
Arthritis, n (%) 370 (77) 20 (77) 11
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Table 1. Cont.

No Biologics (1 = 479) Rituximab (1 = 26) Belimumab (z = 11)
Neurologic disease, 1 (%) 29 (6) 6 (23) 1(9)
Seizures 7 (1) 0 1(9)
Psychosis 4(1) 3(11) 0
Organic mental syndrome 0 2(8) 0
Myelitis 4(1) 1(4) 0
Serositis, n (%) 83 (17) 4 (15) 109
Pleuritis 67 (14) 3(11) 0
Pericarditis 50 (10) 4 (15) 1(9)
Pneumonitis, n (%) 15 (3) 2 (8) 0
Glomerulonephritis, 1 (%) 86 (18) 9 (35) 2 (18)
Proliferative glomerulonephritis 51 (11) 5(19) 1(9)
Hematological, 1 (%) 86 (18) 15 (58) 5 (45)
Hemolytic anemia 33(7) 10 (38) 4 (36)
Thrombocytopenia 65 (14) 11 (42) 1(9)
SLEDAI mean (SD) 9(7) 15 (11) 12 (7)

3.2. Main Indications of Biologic Therapies and Concomitant Treatments

In our prospective cohort, 37 (7%) patients received at least one biological treatment.
Rituximab was prescribed in 26 patients and belimumab in 11. Six patients received
rituximab and belimumab consecutively during the study period. In three patients, treat-
ment was administered for refractory diseases, and the other three received rituximab and
belimumab for different organ manifestations.

Rituximab was mainly prescribed for hemolytic anemia and/or thrombocytopenia
(11 patients, 42%), followed by lupus nephritis and neuropsychiatric lupus (5 patients
each, 19%). Belimumab was mostly used for arthritis in the vast majority of patients
(eight patients, 73%). The detailed indications for rituximab and belimumab are shown in
Table 2.

Table 2. Indications for rituximab and belimumab.

SLE Manifestations Rituximab (n = 26) Belimumab (n = 11)
Arthritis 2(8%) 8 (73%)
Hematological 11 (42%) 0
Neuropsychiatric disease 5 (19%) 1 (9%)
Serositis 0 1 (9%)
Proliferative glomerulonephritis 5 (19%) 1(9%)
Pneumonitis 3 (11%) 0

The mean (SD) time from disease onset to the administration of the biologic treat-
ment was 28 (30) months, 25 (27) months for rituximab, and 38 (33) months for beli-
mumab. Rituximab was administered after a mean of 18, 23, and 39 months after the
diagnosis of SLE, respectively, for hematological, neuropsychiatric, and renal involvement,
whereas belimumab was administered after a mean of 30 months after the SLE diagnosis for
articular symptoms.
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All patients received glucocorticoids simultaneously to the biologic treatment, while
92% received hydroxychloroquine and 84% received immunosuppressants (5 azathioprine,
18 mycophenolate, 5 methotrexate, and 3 cyclophosphamide).

3.3. Predictive Factors at Baseline for the Use of Biologic Therapy

In the univariate analysis, the predictive factors at baseline for the eventual use of
biologic therapy were younger age (33 vs. 40 years in patients not given biologics, p = 0.006),
a higher SLEDAI score (14 vs. 9, respectively, p = 0.001), and the presence of psychosis,
organic mental syndrome (SOCA), hemolytic anemia, or thrombocytopenia (Table 3). In
the multivariate model, younger age, psychosis, and hemolytic anemia were independent
predictors of the use of biologics (Table 4).

Table 3. Predictive factors at baseline associated with the use of biologic treatment.

Biologic Treatment (1 = 37) No Biologic Treatment (1 = 481) p
Age at disease onset, mean (SD) 33 (14) 40 (17) 0.006
Female, n (%) 34 (92) 427 (89) 0.79
Caucasian, n (%) 29 (78) 374 (78) 1
SLEDAI, mean (SD) 14 (10) 9(7) 0.001
Cutaneous disease, 1 (%) 28 (76) 362 (75) 1
Arthritis, n (%) 31 (84) 372(77) 0.42
Neurological disease, 1 (%) 7 (19) 29 (6) 0.01
Seizures 1(3) 7 (2) 0.45
Psychosis 3(8) 4(1) 0.01
Organic mental syndrome 2 (5) 4 (1) 0.06
Myelitis 1(3) 4(1) 0.31
Serositis, 1 (%) 5(14) 84 (17) 0.65
Pleuritis 3(8) 68 (14) 0.45
Pericarditis 5(13) 51 (11) 0.58
Pneumonitis, n (%) 2 (5) 15 (3) 0.34
Nephritis, 1 (%) 11(30) 86 (18) 0.08
Proliferative nephritis 6 (16) 51 (11) 0.27
Hematological, 1 (%) 20 (54) 87 (18) <0.001
Hemolytic anemia 14 (38) 34 (7) <0.001
Thrombocytopenia 12 (32) 65 (14) 0.006

Table 4. Multivariant analysis of predictive factors for the use of biologics at diagnoses.

Initial Model
OR (95% CI)

Final Model
OR (95% CI)

Age at disease onsett

Organic mental syndrome

Psychosis
Hemolytic anemia
Thrombocytopenia

Lupus nephritis
SLEDAI

1.031 (1.007-1.056)
0.147 (0.026-0.828)
0.095 (0.020-0.442)
0.125 (0.059-0.265)
0.326 (0.156-0.680)
1.938 (0.922-4.073)
0.939 (0.908-0.971)

0.970 (0.945-0.995)

11.07 (1.885-65.07)
7.283 (3.164-16.767)
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3.4. Efficacy and Safety of Biologic Treatment

Regarding efficacy, we observed a significant reduction in lupus activity according
to the mean (SD) SLEDAI scores before and after the administration of biologic treatment,
namely 12.9 (8.6) vs. 4.4 (4.7), respectively (p < 0.001).

Eleven (28%) patients suffered infections after the administration of biologic treatment:
three patients had herpes zoster, seven had bacterial infections (four urinary tract infections,
two had pneumonia, and one had pelvic inflammatory disease), while one had a cutaneous
leishmaniasis. None of these conditions were lethal. The proportion of patients with
infections within the same time span was similar in patients who did not receive biologic
treatment (128 /481 patients, 27%, p = 0.85).

4. Discussion

In our prospective cohort, 7% of patients received biologic agents within the first 5
years of the disease course. Data on the number of patients with SLE requiring treatment
with biologic agents are scarce. A French registry showed that 136/2551 patients (5.4%)
received at least one dose of rituximab [21]. Even taking into account that our cohort
includes patients who received either rituximab or belimumab, our results do not greatly
differ from those reported.

Younger age, psychosis, and hemolytic anemia at the time of diagnosis of SLE were
the only independent predictive factors of the use of biologics in our cohort. In fact, hema-
tological and neuropsychiatric lupus were also two of the main indications for rituximab,
which, although not considered a first-line treatment, is being increasingly used in these
scenarios due to the frequent lack of effectiveness of usual therapies [6].

It is noteworthy that although belimumab is the only biologic treatment approved
for lupus, rituximab was used more frequently and earlier than belimumab in our cohort.
Rituximab is usually prescribed for refractory or relapsing severe lupus manifestations,
which also include nephritis and arthritis apart from the already mentioned neuropsychi-
atric and hematological manifestations [22,23]. It is important to remark that rituximab was
given earlier within the course of disease to patients with hematological manifestations
than to those with neuropsychiatric lupus or nephritis. This is probably due to the fact
that usual first-line therapies are less effective in immune thrombocytopenia and hemolytic
anemia [22,24]. The role of rituximab in neuropsychiatric lupus is not well defined [25,26],
while it is clearly considered a rescue therapy in lupus nephritis [27,28].

In our cohort, belimumab was mainly used for arthritis. Standard treatments for
patients with arthritis and mucocutaneous manifestations include hydroxychloroquine
and low-dose prednisone, with immunosuppressants being added in refractory cases or
when glucocorticoid maintenance doses cannot be reduced [29]. Recent data could suggest
that an earlier use of belimumab in the SLE course could speed up the clinical response,
especially in patients with a relapsing—remitting pattern who are taking high prednisone
doses [30,31].

It well stablished that modifying the disease course with effective therapies and steroid-
sparing regimens may reduce organ damage, improve outcomes and decrease mortality
in patients with SLE [16]. However, what should be the role of biologic therapy within
the global therapeutic strategy of lupus is not well defined. High early and sustained
response rates with “conventional” therapy based on pulses of methyl-prednisolone and
reduced doses of oral prednisone have been recently shown [32]. In the RELES cohort,
patients receiving biologic therapy had a significantly more active disease at diagnosis
and a high concomitant use of other therapies, all suggesting refractory disease. After
starting biologics, a significant decrease in activity, as measured by SLEDAI scores, was
accomplished. These results support the current EULAR recommendations for the use of
belimumab and rituximab, both as a second-line therapy in patients who are refractory or
intolerant to non-biologic therapy [6]. It must be remarked upon once more that hydrox-
ychloroquine has convincingly shown long-term effects in reducing damage accrual and
improving survival, so its role as a universal therapy for lupus patients cannot be replaced
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References

at this time by any other therapy, including biologics [33], despite the promising long-term
effects of belimumab [32]. Our data are also reassuring in showing that biologic agents
were not associated with an increase in the number of infections, as previously described
by other authors [9,21].

We acknowledge some limitations of this study. This study is based on a multicenter
Spanish register and, therefore, it does not include a control group comparing the use of
biological treatment with the standard of care. The use of biologics was decided by the
physicians caring for the patients, without any pre-specified protocol. The main outcome
measure was the reduction in the SLEDAI score, without specific data on the evolution
of the clinical manifestation leading to the use of biologics. The low number of biologic-
treated patients and the diversity of indications made it impossible to offer a detailed
statistical analysis on this issue. The long-term effects on damage and glucocorticoid
use have not been addressed due to the low numbers of biologic-treated patients with
prolonged follow-up.

On the other hand, our real-world data offer a realistic view of the use of rituximab
and belimumab in our setting. The high proportion of those biologic-treated patients being
on prednisone, hydroxychloroquine, and immunosuppressive drugs point to a second-line
indication for patients who are refractory to conventional therapy, thus, following current
guidelines [6]. Our study has revealed the main baseline predictors for the use of either
rituximab or belimumab, as well as global beneficial effects on lupus activity in patients
who are refractory to other therapies.

5. Conclusions

In summary, our study reveals that younger age, neuropsychiatric lupus, and hemolytic
anemia at SLE diagnosis predict the use of rituximab or belimumab at some point of their
SLE course. The global effects of both drugs are beneficial in these groups of patients, with
a significant reduction in SLE activity and a low rate of side effects.
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Abstract: Background and Objectives: Sjdgren’s Syndrome (SS) is a common extra-articular feature
among subjects with rheumatoid arthritis (RA). While Chinese herbal medicine (CHM) has been used
to treat symptoms of RA for many years, few studies have examined its efficacy in guarding against
the SS onset. This study aimed to compare risk of SS for RA patients with and without use of CHM.
Materials and Methods: Data obtained for this nested case-control study were retrieved from Taiwanese
nationwide insurance database from 2000-2013. Cases with SS claims were defined and matched
to two randomly selected controls without SS from the recruited RA cohorts. Risk of SS in relation
to CHM use was estimated by fitting multiple conditional logistic regression. Results: Patients aged
between 20 and 80 years were included and 916 patients with incident SS were matched to 1832 non-SS
controls by age, sex and index year. Among them, 28.1% and 48.4% cases ever received CHM therapy,
respectively. After adjusting for baseline characteristics, CHM use was found to be related to a lower risk
of SS among them (adjusted odds ratio = 0.40, 95% confidence interval: 0.34-0.47). A dose-dependent,
reverse association, was further detected between the cumulative duration of CHM use and SS risk.
Those receiving CHM therapy for more than 730 days showed a significantly reduced risk of SS by 83%.
Conclusions: Findings of this study indicated that the add-on CHM formula, as part of RA care, may be a
beneficial treatment for prevention against the incident SS.

Keywords: rheumatoid arthritis; Sjogren’s syndrome; Chinese herbal medicines; nested case-control
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1. Introduction

Rheumatoid arthritis (RA) is a chronic debilitating inflammatory autoimmune disease
that primarily targets joints in the body and other connective tissues. This disorder affects
approximately 1% of the population worldwide and is more frequent among women [1].
Just as this chronic disorder has no known cure, estimates indicated that up to 30% of
affected patients become permanently work-disabled within the first 2-3 years of symptom
onset [2], thus imposing tremendous economic consequences. According to one study
conducted in recent year, the economic burden of RA has increased significantly in such a
way that the annual economic burden of RA in the United States was $19.3 billion, where
the total annual societal cost would rise to nearly 40 billion after adding the intangible and
indirect costs [3].

Not only is RA the cause of a profound economic burden, the concomitant systemic
inflammation might be responsible for a wide array of comorbid conditions commonly seen
in RA, particularly Sjogren’s Syndrome [1,4-6]. One meta-analysis of 19 studies reported
the pool prevalence of SS among RA patients was as high as 55% [7]. It is also worth noting
that the coexistence of RA and SS may pose a higher disease burden than is typical with RA
alone. A prior study noted that RA patients with SS may have higher levels of rheumatoid
factor or anti-citrullinated peptide antibody than did those with RA alone [8]. Consequently,
one recent nationwide survey disclosed that RA subjects with the concomitant SS may have
higher risks of comorbidities including cardiovascular disease, malignancies and serious
infections [5]. Thus, there is an urgent need for clinical treatments or drugs with safety and
efficacy to lessen the disease progression, particularly the incident SS.

Chinese herbal medicine (CHM), long-used in Asian countries to treat RA, has at-
tracted attention for a long time [9]. With the application of omics and bioinformatics
to natural herbs research, it had shown that some herb products could exert inhibitory
action on inflammatory cytokines that are involved in the pathogenesis of inflammatory
diseases [10,11]. Take the Tripterygium wilfordii hook F (TWHF) for example, former
studies showed that combination treatment with TwHF and methotrexate (MTX) was
more effective than MTX alone in decreasing the secretions of proinflammatory cytokines
and tumor necrosis factor-oc (TNF-o) [12,13]. Meanwhile, those receiving a combination
of TwHF and MTX experienced better control of disease activity when compared to RA
patients treated with MTX alone [14]. In light of the aberrant expression of inflammatory
mediators that may link RA and SS [15], understanding the relationship between CHM
use and sequent SS risk would be of importance in the solution of treatment and clinical
management for RA.

As of now, several studies reported that adding CHM to conventional therapy may
be beneficial in improving both symptoms burden and lacrimal and salivary dysfunction
caused by SS [16]. In contrast, another recent randomized controlled trial identified a
null association between CHM use and relief of SS symptoms [17]. Thus, no consensus
has been achieved regarding the effect of CHM on the management of SS. Most of the
previous studies were based mainly on self-reported questionnaires and chart reviews, and
the number of recruited patients was small [16,17]. In accordance with the belief that “an
ounce of prevention is worth a pound of cure,” early exploration of the impact of CHM
on reduction of predisposition to SS, particularly RA subjects, should be stressed. Such
documentation would provide an empirically robust ground for health care policymakers
to initiate strategies to reduce preventable morbidity among people with SS. To this end,
we carried out a nested case-control study using a real-world data to answer this question.

2. Methods
2.1. Data Source and Identification of Study Participants

We applied a retrospective, nested case-control study design using a national health
claims from the Longitudinal Health Insurance Database (LHID) in Taiwan. Nowadays,
nearly 99% of residents in Taiwan have enrolled in the National Health Insurance Ad-
ministration Ministry of Health and Welfare’s program [18]. LHID is a data subset of the
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NHI program and covers the claims of 1 million beneficiaries randomly selected from all
beneficiaries under the NHI program. This database contains all NHI enrollment files,
claims data, and prescription drug information that provides comprehensive information
on all insured subjects.

In the present study, the RA cohort was constructed by identifying all people in the
linked claims data set who were 20-80 years of age and had at least three outpatient service
claims or one hospital service in which RA was recorded (International Classification of
Diseases, 9th Revision, Clinical Modification, ICD-9-CM 714.0) between January 2000 and
December 2010. Afterwards, all enrollees were connected to the catastrophic illness registry
to ensure diagnostic validity. This is because beneficiaries with major diseases, such as
autoimmune disorders, are exempted from the required cost under the NHI program. This
approach allowed us to strictly define RA cases and reduce potential misclassification bias.
We, therefore, used the date of approval for catastrophic illness registration as the starting
point for patients diagnosed with RA. We adhered to the rule that subjects must be excluded
if they had any history of SS prior to RA onset. All enrollees were followed up from the date
of enrollment to the date of incident SS or the end of follow-up visit, whichever happened
first. This article research project was approved by Ethics Committee of the Buddhist Dalin
Tzu Chi Hospital (No. B10004021-1) and was conducted with consideration of Helsinki
Declaration in all phases of the study. Additionally, the institutional review board waved
the need for informed consent for this study since an encrypted database was fully used.

2.2. Identification of Case and Control

The primary outcome measure was first-time diagnosis of SS in which they occurred
between 2001 and 2013 (ICD-9-CM code 710.2). The documentation of the SS code was
regarded as valid if the enrollee has incurred at least twice in the records of outpatient clinics
within 1 year or at least one hospitalization during the study period. We also capitalized on
the catastrophic illness registry to ensure the accuracy of enrollees’ diagnoses, as conducted
in a previous study [19]. We excluded the cases with a diagnosis of SS prior to the onset
of RA (n = 144), and removed those patients who were followed for less than one year
after cohort entry or those who had missing data (1 = 17). The final cohort comprised
10,710 new-onset RA patients. Of them, each SS case was matched, according to age (within
2 years) and sex, using a risk set sampling of 1:2, with two control subjects who were not
diagnosed with SS (Figure 1). The outcome date for each case group was assigned as the
index date to the control group, for case and control groups with the same probability to
occurrence of SS event during the follow-up period.

2.3. Exposure Assessment of CHM Use

To define CHM exposure of subjects, we examined the individual CHM treatment
records occurring from the cohort entry date to the index date. Under the NHI program, the
medical services used to treat specific diseases that last for 30 days, or more, are considered
as one complete course of treatment. In this context, the patients are not required to make
copayments for medical services after the first clinic visit throughout the remainder of the
treatments. So based on the formerly-established method [20], CHM users were defined
as they ever received the relevant CHM treatments being made by the certified Chinese
medicine physician for more than 30 days due to RA or its associated symptoms, whereas
those visited Western medical doctors only were deemed non-CHM users. For CHM
users, we summed up the cumulative days of CHM therapy and categorized them into
three levels, low, medium, and high sub-periods, based on the length (in days) of time
of receiving CHM therapy, namely, use for 31-365 days, 366-730 days, and 731 days or
more. This procedure allowed us to clearly shed light on the dose effect of CHM on the
prevention of SS among participants.
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10,871 subjects aged 20-80 years with newly diagnosed RA between

2000-2010
Exclude criteria
1. Missing or incomplete data (1 = 2)
2. Loss to follow-up within 1 year after index
date (n =15)
v
Defined patients with RA

Delete those with SS before RA onset
(n=144)

A 4

RA cases included were followed up by end of 2013 (n =

10,710)

:

:

SS group (n=917) Non-SS group (n =9793)

Randomly matched by age, sex and index

A\ 4

year with 1:2 ratio

(n=916)

®  Cases with SS during study period ®  Previous history of CHM

®  (Cases without SS during study
period (n =1832)

+ use due to RA

Figure 1. Flowchart of patient screening.

2.4. Measurement of Covariates

Of the covariates considered for the study, it comprised gender, age, income for
estimating insurance payment, urbanization of the subject’s residential area and for-
mer comorbidities. Regarding income, we used the premium category as a proxy and
it was transformed to ordinal variables, namely New Taiwan Dollars [NTD] < 17,880,
17,881-40,000, and >400,001. Furthermore, we adopted the urbanization rate of insured
zone studied by former scholars, and ranging from level 1 (highly urban) to level 7 (highly
rural), as the standard to assess personal urbanization [21]. Baseline comorbidities for each
subject were assessed on the basis of individual medical records that occurred within one
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year prior to cohort entry, and all of them were evaluated by the established Charlson-Deyo
comorbidity index (CCI) [22]. It contains 17 chronic diseases and scores on a score of 1-6,
revealing higher total scores indicated severer burdens of comorbidities. Medication use
was separated into two subgroups according to if the enrollee had (vs. not used at all) the
disease-modifying anti-rheumatic drugs, or corticosteroids, for more than 180 days after
RA onset.

2.5. Statistical Modeling

For baseline characteristics, continuous variables were represented as the mean (stan-
dard deviation, SD) and categorical variables reported as frequencies and percentages. The
student’s t-test and Chi-square test were used to evaluate whether there was a significant
difference between two groups. Univariate conditional logistic regression analysis was
used to estimate the crude odds ratio (OR) and the corresponding confidence interval (CI)
of SS events among CHM users. Multivariate conditional logistic regression was then
performed in which the results were adjusted for all covariates that were measured in one
year preceding the index date, which included age, gender, urbanization level, income and
comorbidities. Subgroup analysis stratified by sex and age was also performed. All data
processing and statistical analyses were performed using SAS version 9.3 for Windows (SAS
Institute Inc., Cary, NC, USA). The statistical significance was determined at two-tailed and
p <0.05.

3. Results

A total of 10,710 RA patients who met the selection criteria during 2000-2010 were
identified. Among them, 916 and 1832 matched pairs of RA patients with and without SS
were recruited. Baseline characteristics are shown in Table 1. The mean age was 53.2 years
(SD = 14.4) and the majority were female (86.9%). Additionally, the majority of enrollees
had a monthly income of NTD 17,881-43,900 (52.0%) and lived in urbanized areas (57.2%).
Collectively, there were no differences in initial demographic data or comorbidities between
two groups.

Table 1. Demographic data and selected comorbidities between two groups.

Case Control
Variables Total Group p
N =916 (%) N = 1832 (%)
Age (years) 0.47
<50 1254 (45.6) 427 (46.6) 827 (45.1)
>50 1494 (54.4) 489 (53.4) 1005 (54.9)
Mean (SD) 53.2 (14.4) 53.1 (14.8) 53.3 (13.9) 0.81
Sex 0.99
Female 2388 (86.9) 796 (86.9) 1592 (87.0)
Male 360 (13.1) 120 (13.1) 240 (13.0)
Monthly income 0.53
Low 1210 (44.1) 406 (44.3) 804 (43.9)
Median 1430 (52.0) 469 (51.2) 961 (52.5)
High 108 (3.9) 41 (4.5) 67 (3.7)
Residential area 0.66
Urban 1572 (57.2) 516 (56.2) 1057 (57.7)
Suburban 416 (15.1) 128 (15.9) 270 (14.7)
Rural 760 (27.7) 272 (27.9) 505 (27.6)
Medication use 0.67
Yes 2038 (74.2) 684 (74.7) 1354 (73.9)
No 710 (25.8) 232 (25.3) 478 (26.1)
CCI 4.73 (7.9) 4.59 (7.8) 4.86 (8.0) 0.40

CCI: Charlson-Deyo Comorbidity Index; SD: standard deviation.
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Of the whole study cohort, after using multivariable logistic regression model to
explore the association between previous exposure of CHM use and SS risk by the end of
2013 (Table 2), we observed that those who ever received CHM therapy had a lower risk of
SS than those who did not use CHM (adjusted OR = 0.40; 95% CI: 0.34-0.47). Notably, this
benefit increased with longer exposure to CHM use, from 56% of those using low intensity
CHM, to 58% of those using medium intensity CHM, and to 83% for those receiving high
intensity CHM, thus suggesting a dose-dependent inverse relationship between CHM
use and SS risk. Table 3 presents these results, stratified by age and sex. Multivariable
stratified analysis showed that the benefit of CHM therapy in reducing SS appeared to be
more predominant in females, with an adjusted OR of 0.38 (95% CI: 0.32-0.46) (Table 3).
Furthermore, of the commonly prescribed CHM formulas, uses of several prescriptions
may be related to the lower risk of SS, which contained Da Huang, Shu-Jing-Huo-Xue-
Tang (SJHXT), Du-Huo-Ji-Sheng-Tang (DHJST), Ge-Gen-Tang (GGT), Ping-Wei-San (PWS),
Shao-Yao-Gan-Cao-Tang (SYGCT), and Zhi-Gan-Cao-Tang (ZHCT) (Figure 2).

Table 2. The association between SS onset and use of CHM.

Subjects
Crude OR Adjusted OR *
HM E
CHM Exposure Case Control (95% CI) (95% CI)
n =916 n =1832

Non-CHM users 659 72% 945 52% 1 1
CHM users 257 28% 887 48% 0.42 (0.35-0.49)  0.40 (0.34-0.47)
Low intensity (31-365 days) 215 23% 720 39% 0.44 (0.30-0.64)  0.44 (0.30-0.65)
Medium intensity (366730 days) 35 4% 112 6% 0.43 (0.36-0.51)  0.42 (0.35-0.50)
High intensity (731 days or more) 7 1% 55 3% 0.18 (0.09-0.34)  0.17 (0.10-0.32)

OR: odds ratio; CI: confidence interval; CHM: Chinese herbal medicine. * Model adjusted for age, residential area,
monthly income, medication use and CCI.

Single-herb products |Frequency of prescription|Daily dose(g) AdjustedOR*95%CI
Yan-Hu-Sue 10113 12.3 N 1.05(0.83-124
Dan-Shen 5624 9.54 —p— 1.02/0.90-1.19
Da-Huang 3611 32 —— 0.55/0.38-0.81
Bei-Mu 3547 9.1 —_— 0.96/0.65-1.29
Fu-Zi 8.6 _— 0.71/0.32-1.14
Hai-Pizo-Xis0 12.6 ——] 0.85/0.53-137
Ye-Jiao-Teng 04 9.9 . e E— 0.24/0.54-1.31
Mu-Li 212 24 —4 0.99/0.67-1.43
San-Qi 2142 129 —_— 0.92/0.55-130
Tian-Hua-Feng 1942 13.8 0.98/0.67-1.34
Multi-berb products

Shu-Jing-Huo-Xue-Tang 2048 2235 — 0.6/0.43.0.83
Jia-Wei-Hiso-Yao-San 8956 15.7 0.77/0.54-1.15
Du-Huo-Ji-Sheng-Tang 7168 0.9 0.63|0.43-0.92
Shao-Yao-Gan-Cao-Tang 7147 117 0.59/0.41.0.85
Ge-Gen-Tang 6312 21.7 0.62/0.43-0.88
Ping-Wei-San 3077 1 0.63|0.40-0.98
Dang-Gui-Nian-Tong-Tang 4984 19.8 1.01 0.62-1.37
Gan-Lu-Yin 4823 10. 1.05/0.66-1.33
Zhi-Gan-Cao-Tang 3931 17.6 —— 0.58/0.42-0.86
Xin-¥i-Qing-Fei-Tang 2697 4.7 M 1.1/0.67-1.70

02 08 1 14 18
Lower risk of 35 Higher risk of 35

Figure 2. Risk of SS in relation to the 10 most-used single-herb and multi-herb CHM products for RA
patients. * Model adjusted for age, residential area, monthly income, medication use and CCI.
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Table 3. SS risk for RA patients with and without CHM use stratified by sex and age.

Variables Subjects, n (%) Crude OR (95% CI)  Adjusted OR * (95% CI)

Female

Non-CHM users 566 (71.1) 1 1

CHM users 230 (28.9) 0.39 (0.33-0.47) 0.38 (0.32-0.46)
Male

Non-CHM users 93 (77.5) 1 1

CHM users 27 (22.5) 0.62 (0.37-1.02) 0.63 (0.37-1.03)
Age <50

Non-CHM users 291 (68.1) 1 1

CHM users 136 (31.9) 0.38 (0.30-0.48) 0.37 (0.29-0.47)
Age > 50

Non-CHM users 368 (75.3) 1 1

CHM users 121 (24.7) 0.44 (0.35-0.56) 0.42 (0.35-0.49)

OR: odds ratio; CI: confidence interval; CHM: Chinese herbal medicine. * Model adjusted for age, residential area,
monthly income, medication use and CCL.

4. Discussion

SS is a chronic autoimmune disease characterized by autoantibody production and
lymphocytic infiltration, which has been well recognized as one important extra-articular
feature of RA to exacerbate the negative clinical prognosis for RA patients. Faced with
few specific strategies of prevention of SS in the standard treatment, exploring alternative
treatments is of great therapeutic interest. As a whole, in this over 10-year follow-up study,
we had provided the first evidence to indicate the integration CHM into the standard
treatments was related to the lower risk of having SS. Notably, this benefit could be
increased with a long-term exposure to CHM use, from 56% for those using CHM for
31-365 days, to 58% for those using CHM for 366-730 days, and to 83% for those receiving
CHM for more than two years. The establishment of dose-response relationship in this
observational study may support the causal association between exposure and disease.
Despite the lack of comparable literature, the positive effect of CHM on SS prevention
among these patients could add to the growing body of literature on the clinical efficacy of
complementary therapies among patients diagnosed with rheumatic diseases [23-25]. A
variety of natural products from traditional Chinese medicine have been shown to possess
effective anti-inflammatory along with antiarthritic activities [26,27], which may explain
the beneficial effect of CHM found in our work.

Findings of the present study indicated that female patients benefited more from
CHM use than did males. As others have shown, females often display better knowledge,
attitudes, and self-care practices [28], and accordingly, they may tend to adhere to the
prescribed medical regimen, thus decreasing their chance of developing SS. In addition,
sex hormones, especially estrogen, have been shown to exert anti-inflammatory effects.
One study showed that high levels of estrogens were beneficial in downregulating the
expression of the inflammatory mediators [29], which has been proven to take on the role
of development of SS [11].

Of the commonly used single-herb products to treat RA, we noted that the prescription
of Da-Huang might lessen the risk of SS. Pharmacological studies have shown that Da-
Huang dose-dependently moderates the release of nitric oxide in lipopolysaccharide-
stimulated macrophage RAW264.7 cells and remarkably reduces IL-6 and IL-1§3 secretion
via mediation of the PI3K-Akt signaling pathway [30]. This action could account for the
positive effect of Da-Huang observed in this study. Of the commonly used multi-herb
products, we observed that DHJST use was associated with a decreased chance of SS among
RA patients. A previous study reported that DHJST exerts a powerful anti-inflammatory
effect [31]. The relevant mechanisms by which DHJST inhibits expression of cytokines,
like TNF-«, IL-1f3 and IL-6, may involve regulation of the toll-like receptor 4 (TLR4)/NF-
kB signaling pathway [32]. The TLR4/NF-«kB signaling pathway plays a central role in
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driving inflammation via the differentiation and amplification of T helper17 together with
over-expression of inflammatory mediators [33,34], thus promoting susceptibility to SS.

The current study pointed to a lower incidence of SS among RA patients who used
SJHXT and SYGCT. Clinically, these CHM products are often prescribed to arthritis patients
for the treatment of muscle pain. One earlier study in a rodent model suggested that SJHXT
may intensify anti-inflammatory and analgesic effects by modulating the activity of the «-2
adrenoceptor [35]. A review article reported that dysregulation of the «2- adrenoceptor
pathway may contribute to the aberrant cytokine gene expression [36]. SYGCT use also
correlated with a lower risk of SS. Chang and colleagues reported that this compound
markedly inhibited the production of inflammatory mediators in rats with polycystic ovary
syndrome by blocking TLR4/NF-«B signal pathway [37]. This pathway promotes proin-
flammatory activities in immune cells, thereby leading to a variety of other inflammatory
and autoimmune disorders [34].

An association between ZGCT and PWS use and a decreased rate of SS development
in RA patients was reported as well. Several previous animal experiments have shown
that the anti-inflammatory properties of these compounds were also present in compound
extracts, including Radix glycyrrhiza from ZGCT [38], and Magnolia officinalis from PWS [39].
The mechanisms by which these ingredients markedly decrease the secretion of inflam-
matory cytokines may be due in part to the inhibition of NF-kB and mitogen-associated
kinase signaling pathways [38,39]. Ge-Gen-Tang is proposed to exert anti-oxidant and
anti-inflammatory activities by suppressing inflammatory signaling. Puerarin, a major
ingredient of GGT, has proven to suppress inflammatory mediator release by blocking
NF-xB in lipopolysaccharide-induced peripheral blood mononuclear cells [40], decreasing
to some extent the risk of SS.

Despite its obvious strengths, several important limitations restrict the significance
of our study. First, information regarding family history, lifestyle, body weight, exercise
and laboratory parameters were not recorded in the database. Thus, it is possible that one
or more confounding variables may be partly responsible for this association. Therefore,
caution should be exerted when interpreting the findings, especially regarding daily drug
dosage. A randomized controlled trial is warranted in order to examine, more thoroughly,
the potential mechanisms underlying the clinical benefits of CHM products in controlling
the development of SS. Second, the findings herein are merely based on a nested case-
control design within a retrospective cohort study that uses ICD-9-CM diagnostic codes.
Thus, bias due to miscoding and misclassification may arise. To minimize this potential
error, we selected subjects with either RA or SS only after they were recorded as having at
least three ambulatory or inpatient claims reporting consistent diagnoses. It should also
be acknowledged that the NHI Bureau of Taiwan has randomly reviewed the charts and
audited all medical charges, and given heavy penalties for outlier charges or malpractice
to validate the quality of data. Additionally, as the probability of individuals being mis-
classified is equal for the two groups, a non-differential misclassification would only result
in bias toward the null-value. Third, data regarding RA severity were unavailable in the
database, and failure to examine this factor might bias any conclusions. To address this
concern, we utilized a proxy indicator to confirm RA severity. The indicator was com-
prised of the prescriptions of biological agents which included adalimumab, etanercept,
infliximab, rituximab and tocilizumab. Findings from the reanalysis showed that those
who did use CHM still had a lower risk of SS than those who were not receiving CHM
treatment (adjusted OR = 0.45; 95% CI = 0.31-0.58), which implied that the severity of RA
dose not alter the direction of association between CHM treatment and likelihood of SS.
After acknowledging the limitations of the research, this study has several strengths that
bolster the value of the findings. The first strength stems from the use of a large population
database. Over 90% of the Taiwanese population and healthcare providers are covered by
the NHI program, which includes a representative Taiwanese RA sample, leaving little
room for non-response or loss to follow-up, especially given the relatively low incidence
of RA in the population. The second merit stems from the long observation time used in
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our study. SS is a chronic disease and the employed longer than10-year follow-up period
allowed us ample opportunity to observe and assess the underlying correlation. Lastly, the
nested case-control approach used is a rival alternative to a cohort analysis when studying
time-dependent exposure, as in the use of CHM treatments. Hence, our study reflects
real-world data that approximate those present in clinical reports using a randomized
controlled trial.

5. Conclusions

To summarize our findings, this population-based nested case-control study revealed
that the integration of CHM, during routine treatment of RA, lessens the risk of developing
SS by approximately 60%. We believe that these findings may help to plan interventions to
make complementary therapies more responsive to the needs of individuals living with
RA. Future research efforts should adopt prospective randomized trials to overcome the
disadvantages of this study, thus providing more robust insights in clinical practice.
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Abstract: Background and Objectives: Systemic lupus erythematosus (SLE) is a chronic systemic
autoimmune disease that affects predominantly women in the childbearing years. Patients may
seek complementary therapies to manage their health and to reduce symptoms. However, to our
knowledge, no studies have explored the association between clinical manifestations of SLE and com-
plementary therapies. Therefore, this study aimed to investigate the association of complementary
therapies with common clinical manifestations in Taiwanese female patients with SLE. Materials and
Methods: A cross-sectional study was conducted at a regional teaching hospital in southern Taiwan.
Outpatients from the rheumatology clinic who met the inclusion criteria were consecutively recruited.
Demographic data, clinical manifestations of SLE, and types of complementary therapy use were
determined using paper-based questionnaire. Multiple logistic regression analyses were conducted to
investigate the use of complementary therapies associated with clinical manifestations of SLE. Results:
Of the 317 female patients with SLE, 60.9% were 40 years or older. The five SLE clinical manifestations
with the highest prevalence were Raynaud’s phenomenon (61.2%), photosensitivity (50.2%), Sjogren’s
syndrome (28.4%), arthralgia and arthritis (22.1%), and renal involvement (14.5%). Multiple logistic
regression analyses revealed that Raynaud’s phenomenon was significantly associated with fitness
walking or strolling (adjusted odds ratio [aOR] 1.77; p = 0.027) and fish oil supplements (aOR 3.55,
p < 0.001). Photosensitivity was significantly and inversely associated with the use of probiotics
(aOR 0.49; p = 0.019). Renal involvement was significantly associated with the use of probiotics (aOR
2.43; p = 0.026) and visit to the Chinese medicine department in a hospital (aOR 3.14, p = 0.026).
Conclusions: We found that different clinical manifestations of SLE were associated with the use
of different complementary therapies. Health care providers should have up-to-date knowledge
of common complementary therapies and be ready to provide evidence-based advice to patients
with SLE.

Keywords: systemic lupus erythematosus; complementary medicine; clinical manifestations; probi-
otics; Raynaud’s phenomenon

1. Introduction

Systemic lupus erythematosus (SLE) is a complex, chronic, systemic autoimmune
disease that mainly affects women of childbearing age. The worldwide prevalence of SLE
varied considerably from 2 to 7 per 10,000 people [1]. In Taiwan, the reported incidence
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of SLE in 2011 was 8.1 per 10,000 people with 14.3 and 1.6 per 10,000 women and men,
respectively [2]. Many organs or systems can be involved, leading to multiple clinical
manifestations in patients with SLE. In addition, poor body image, severe fatigue, and
psychological morbidity could negatively affect health-related quality of life, resulting in a
high prevalence of disability among patients with SLE [3,4].

Despite the substantial progress in the medical treatment of SLE, patients continue
to live with a range of clinical symptoms, such as fatigue, joint pain, and skin rash [5]. In
addition to conventional pharmacological therapies, patients may seek various comple-
mentary therapies to manage their chronic symptoms. While there is not yet a universal
accepted operational definition of complementary therapies [6], it was estimated that more
than half of patients with SLE had used complementary therapies to manage their health
and to reduce symptoms [7]. A nationwide survey in the United Kingdom of 2527 people
with SLE revealed that 32% of them sought complementary therapies, with acupuncture,
massage, and vitamin supplements being the most commonly used [8]. Moreover, our
previous study showed that over 85% of Taiwanese patients with SLE used complementary
therapies on a regular basis. The top five popular types of complementary therapies used
were fitness walking or strolling, Buddhist prayer or attending temples, vitamins, calcium
supplements, and fish oil [9]. Nevertheless, while there is some evidence that certain
complementary therapies could be beneficial for certain clinical conditions, studies on their
efficacy and long-term safety are still limited [10].

Motivation to use complementary therapies in patients with SLE is complex. A study
conducted in a tertiary-care rheumatology center in Singapore revealed that there were two
types of users—those who intended to use complementary therapies to treat SLE and those
who used them for general health maintenance [11]. Furthermore, a systematic review
of randomized controlled trials of non-pharmacologic therapies, predominantly psycho-
logical interventions, in patients with SLE revealed that these therapies were significantly
associated with an improvement in fatigue, anxiety and depression, and pain in some
studies [12]. However, to our knowledge, there were no studies on the association between
common clinical manifestations of SLE and the use of various complementary therapies.
Therefore, the aim to this study was to investigate the association of prevalent SLE clinical
manifestations and complementary therapy use in Taiwanese female patients with SLE.

2. Materials and Methods
2.1. Study Design and Population

This cross-sectional study was a sub-study of our previous investigation of factors
associated with the use of complementary therapies among Taiwanese patients with SLE [9].
In the present study, we focused on the use of complementary therapy in female patients
with different clinical manifestations of SLE. Only female patients were analyzed because
the clinical manifestations of SLE are different between the sexes [13].

Outpatients attending the rheumatology clinic in a regional teaching hospital in
southern Taiwan were consecutively recruited into the study between April and August
2019. A paper-based questionnaire was used to obtain information from the patients. Two
rheumatology clinic research nurses were available to assist with the completion of the
questionnaire, if necessary.

The sample size was estimated using G*Power software (version 3.1.9.4) [14]. For a
multiple regression analysis with 20 predictors, « of 0.05, power of 90%, and Cohen’s f2
effect size of 0.09, 307 participants would be needed. The f? was set at halfway between a
small effect size (0.02) and a medium (0.15) effect size [15].

The study was conducted according to the guidelines of the Declaration of Helsinki,
and all patients signed an informed consent. The study protocol was approved by the
institutional review board of Dalin Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation
(No. B10801017).

76



Medicina 2022, 58, 944

2.2. Inclusion and Exclusion Criteria

The inclusion criteria for this study were female patients aged > 20 years, those
who met clinician-confirmed diagnosis of SLE according to the 1997 American College of
Rheumatology revised criteria [16] or the 2012 Systemic Lupus International Collaborating
Clinics Classification Criteria [17]. Patients who had previously been diagnosed with
other important systemic autoimmune diseases, including rheumatoid arthritis, systemic
sclerosis, spondyloarthritis, dermatomyositis, polymyositis, or juvenile idiopathic arthritis
were excluded from the study.

2.3. Clinical Manifestations of Systemic Lupus Erythematosus

The clinical manifestations of SLE were defined in advance and evaluated at the time
of enrollment by attending physicians and research nurses. Common clinical manifestations
were selected based on the definition of the SLE Disease Activity Index 2000 (SLEDAI-
2K) [18] and their frequency of occurrence [19,20]. In addition, we chose those symptoms
that are more likely to have a direct impact on patients’ quality of life. A total of 10 clinical
manifestations were investigated in this study, including Raynaud’s phenomenon, pho-
tosensitivity, Sjogren’s syndrome, arthralgia or arthritis, renal involvement, malar rash,
oral ulcer, alopecia, skin vasculitis, and discoid lesion. Manifestations such as leukopenia,
thrombocytopenia, low complement, and elevated dsDNA level were omitted from this
study because patients with SLE are less likely to seek complementary therapies that do
not directly affect their quality of life. Clinical manifestations were considered present only
when patients were experiencing them at the time of the survey.

2.4. Measurement of Demographic Variables

The following demographic information was determined from the questionnaire: age,
body mass index, educational level, marital status, employment status, self-perceived
health status, age at the diagnosis of SLE, smoking habit, alcohol use in the past year,
regular vigorous exercise in the past year, and daily duration of sleep. In this study,
overweight (24 < body mass index < 27 kg/m?) and obesity (body mass index > 27 kg/m?)
were defined according to the Ministry of Health and Welfare, Taiwan [21]. Regarding the
question about exercise, the respondents were asked whether they had engaged in exercise
that lasted at least 20 minutes that made them breathe faster and sweat in the past year.
The response categories were never, once a month or fewer, several times a month, several
times a week, and daily. The last two categories were combined and defined as regular
vigorous exercise.

2.5. Use of Complementary Therapy

Complementary therapies were presented as seven broad categories in the question-
naire, as described in our previous study [9] (Table 1). A Likert-type scale with four
response choices was used. These four response categories were collapsed into two re-
sponses by treating the “always use” category as “use” while the remaining three categories
(sometimes use, had tried previously, and never use) as “not use”.

Table 1. Categories of complementary therapies.

Complementary Therapy Category Description

massage therapy or Tui Na (Chinese massage),
chiropractic or osteopathic manipulation, Gua
Sha therapy or cupping, acupuncture or
moxibustion, and far-infrared therapy

1. Body-based and energy therapy

qigong or Tai Chi, meditation, relaxation

2. Mind-body therapy therapy, and aromatherapy
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Table 1. Cont.

Complementary Therapy Category Description

divination and nameology, exorcise, Buddhist

3. Folk remedies and religious practices chanting, and praying

dancing, fitness workout, jogging, fitness

4 Exercise therapy walking or strolling, swimming, and cycling

visit to the Chinese medicine department in a
hospital, visit to Chinese medicine clinics,
Chinese medicinal herbs shop, and

herbal remedies

5. Chinese medicine

vitamins, fish oil supplements, ginkgo, calcium
6. Nutrient supplements supplements, glucosamine, turmeric,
and probiotics

raw food diet, organic diet, Mediterranean diet,

7. Diet therapy low-carbohydrate diet, and ketogenic diet

2.6. Data Analysis

The basic characteristics of the study participants were summarized as frequencies
with percentages. The 10 most popular types of complementary therapies were identified
based on their frequency of use by patients in this study. The five SLE clinical manifestations
with the highest prevalence were treated as outcome variables and analyzed using multiple
logistic regression analysis. The independent variables were the 10 types of complementary
therapies with the highest prevalence and all demographic variables listed in Table 1. A
backward variable selection method based on likelihood ratios was used to obtain the
final regression model. All statistical analyses were performed using IBM SPSS Statistics
for Windows, version 27.0.1.0 (IBM Corp., Armonk, NY, USA). p < 0.05 was considered
statistically significant.

3. Results

The basic characteristics of the 317 patients with SLE are summarized in Table 2.
Most of them (60.9%) were 40 years or older. About 74% of the patients reported that
their health status was average, poor, or very poor. The prevalence of the 10 clinical
manifestations of SLE in our patients is shown in Figure 1. The five clinical manifestations
with the highest prevalence were Raynaud’s phenomenon (61.2%), photosensitivity (50.2%),
Sjogren’s syndrome (28.4%), arthralgia and arthritis (22.1%), and renal involvement (14.5%).
Furthermore, the 10 most popular types of complementary therapies used by patients in this
study were the following: fitness walking or strolling (37.5%), Buddhist chanting (37.2%),
vitamins (31.9%), calcium supplements (24.6%), fish oil supplements (19.6%), probiotics
(17.7%), massage therapy or Tui Na (11.7%), fitness workout (11.0%), visit to Chinese
medicine clinics (8.8%), and visit to the Chinese medicine department in a hospital (7.9%).

Table 2. Basic characteristics of female patients with systemic lupus erythematosus (1 = 317).

Variable n (%)
Age interval, years

20-39 124 (39.1)
>40 193 (60.9)
Body mass index

Normal 167 (52.7)
Underweight 45 (14.2)
Overweight or obese 105 (33.1)
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Table 2. Cont.

Variable 1 (%)
Educational level

High school or below 158 (49.8)
College or above 159 (50.2)
Marital status

Single 106 (33.4)
Being married, widowed, or divorced 211 (66.6)
Employment status

Employed 200 (63.1)
Unemployed 117 (36.9)
Self-perceived health status

Very good and good 83 (26.2)
Average, poor and very poor 234 (73.8)
Age at SLE diagnosis, years

20-29 172 (54.3)
>30 145 (45.7)
Smoking habit

No 296 (93.4)
Daily or occasionally 21 (6.6)
Alcohol use in the past year

No 248 (78.2)
Daily or occasionally 69 (21.8)
Regular vigorous exercise in the past year

No 169 (53.3)
Yes 148 (46.7)
Duration of sleep/day, hours

>8 59 (18.6)
<7 258 (81.4)

Raynaud’s phenomenon
Photosensitivity
Sjogren's syndrome

Igia or arthritis
Renal involvement
Malar rash

Oral ulcer

Alopecia

Skin vasculitis . 41

Discoid lesion I 0.9

Figure 1. Prevalence of different clinical symptoms in Taiwanese female patients with systemic lupus
erythematosus. Numbers shown are percentages.

The results of multiple logistic regression analyses of the clinical manifestations of SLE
are shown in Table 2. Of the five SLE clinical manifestations with the highest prevalence,
two of them (Sjogren’s syndrome, arthralgia or arthritis) were not significantly associated
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with the use of any of the 10 complementary therapies. Therefore, only the results of
the remaining three clinical manifestations of SLE are shown in Table 3. First, Raynaud’s
phenomenon was significantly associated with fitness walking or strolling (adjusted odds
ratio [aOR] 1.77; p = 0.027) and fish oil supplements (aOR 3.55; p < 0.001), adjusted for age
at diagnosis of SLE. Second, photosensitivity was significantly associated with probiotics
(aOR 0.49; p = 0.019). Third, renal involvement was significantly associated with probiotics
(aOR 2.43; p = 0.026) and visit to the Chinese medicine department in a hospital (aOR 3.14;
p = 0.026), adjusted for body mass index, educational level, and marital status.

Table 3. Multiple logistic regression analyses of factors associated with clinical manifestations
with significant use of complementary therapies in Taiwanese female patients with systemic lupus
erythematosus (1 = 319).

Variable Raynaud’s Phenomenon Photosensitivity Renal Involvement
Adjusted odds Adjusted odds Adjusted odds
ratio (95% CI) b ratio (95% CI) p ratio (95% CI) P
Body mass index
Normal 1
Underweight 2.67 (1.13-6.28) 0.025
Overweight or obese 1.61 (0.73-3.54) 0.237
Educational level
High school or below 1
College or above 2.64 (1.00-6.92) 0.049
Marital status
Being married, widowed,
. 1
or divorced
Single 3.32 (1.70-6.46) <0.001
Age at SLE diagnosis,
years
>30 1
20-29 1.76 (1.09-2.84) 0.022
Fitness walking or strolling ~ 1.77 (1.07-2.92) 0.027

Fish oil supplements

3.55 (1.75-7.19) <0.001

Probiotics

0.49 (0.27-0.89) 0.019 2.43 (1.11-5.30) 0.026

Visit Chinese medicine
department in a hospital

3.14 (1.15-8.58) 0.026

CI: confidence interval. In the multiple regression logistic model, the following variables were evaluated: age
interval, body mass index, educational level, marital status, employment status, self-perceived health status, age
at diagnosis of SLE, smoking habit, alcohol use in the past year, regular exercise in the past year, duration of
sleep per day, and 10 types of complementary therapies (fitness walking or strolling, Buddhist chanting, vitamins,
calcium supplements, fish oil supplements, probiotics, massage therapy or Tui Na, fitness workout, visit to
Chinese medicine clinics, and visit to the Chinese medicine department in a hospital).

4. Discussion

In this cross-sectional study of Taiwanese women with SLE, we reported the association
between the use of complementary therapies and common clinical manifestations of SLE.
Patients with SLE are often present with various systemic manifestations, and many of
them are not SLE-specific, such as fatigue and fever. In our study, two of the five clinical
manifestations with the highest prevalence, namely Sjogren’s syndrome and arthralgia or
arthritis, were not associated with the use of any of the complementary therapies.

In our female patients, the most common clinical manifestation of SLE with significant
use of complementary therapies was Raynaud’s phenomenon, which affected 61.2% of
them. The Raynaud phenomenon is a nonspecific skin manifestations of SLE, resulting from
a vasospasm typically triggered by cold conditions or emotional stress. The present study
showed that the presence of Raynaud’s phenomenon was associated with fitness walking
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or strolling and fish oil supplements. Although there is no specific research that evaluates
the efficacy of exercise in the treatment of Raynaud’s phenomenon, a meta-analysis of 11
trials with a total of 355 participants revealed that exercise could significantly improve
microvascular and macrovascular function in patients with autoimmune diseases [22]. In
the present study, we observed a significant increased use of fitness walking or strolling in
our patients, as low-impact may improve blood circulation and may thereby improve Ray-
naud’s phenomenon. We also noted that the use of fish oil supplements was significantly
associated with the presence of Raynaud’s phenomenon. A prospective double-blind,
randomized, control study using 32 patients with Raynaud’s phenomenon showed that
taking fish oil could improve tolerance to cold exposure and delay the onset of vasospasm
in patients with primary, but not secondary, Raynaud’s phenomenon [23]. However, the
beneficial effect of fish oil in patients with secondary Raynaud’s phenomenon has not been
validated in further studies. In addition, a number of food items, such as garlic, ginkgo
biloba, L-carnitine, inositol nicotinate, and evening primrose oil had been reported to
increase skin blood flow or hand skin temperature. Overall, evidence from rigorous studies
is still lacking to support any food ingredients in alleviating Raynaud’s phenomenon [24].
Nevertheless, given the general beneficial health effects of fish oil on cardiovascular dis-
ease [25], and possibly on several autoimmune diseases, such as multiple sclerosis [26],
rheumatoid arthritis [27], and psoriasis [28], future intervention studies on the association
between fish oil and SLE should also include the evaluation of Raynaud’s phenomenon as
an outcome [29].

The second most prevalent clinical manifestation of SLE with significant use of com-
plementary therapies was photosensitivity. Photosensitivity is a highly complex condition
and is a common clinical manifestation of SLE. Exposure to ultraviolet radiation can lead to
increased skin disease flares and systemic symptoms, such as joint pain and fatigue [30]. In
this study, the use of probiotics was significantly and inversely associated with the presence
of photosensitivity. Previous research suggested that probiotics could potentially be used
in the prevention and management of allergic diseases [31], allergic inflammation, skin
hypersensitivity, and UV-induced skin damage [32]. As photosensitivity is often referred
to sun allergy by the general population, it is surprised to observe an increased use of
complementary therapies that are thought to be able to alleviate allergy reaction. However,
the opposite association was observed in our study—patients with photosensitivity were
associated with decreased use of probiotics. The reduction could possibly be related to
the concern of stimulating the immune response by probiotics [33,34]. Animal studies
have shown that probiotics could modify various immune parameters, such as the innate
immune response of macrophages and dendritic cells [35], and the cell wall structure of
probiotic Lactobacillus casei could potently induce IL-12 production [36]. In contrast, animal
studies suggested that intake of Lactobacillus casei Shirota could alleviate SLE symptoms and
their cardiovascular and renal complications [37]. More research is required to establish
the safety and efficacy of probiotics for the prevention and treatment of photosensitivity in
patients with SLE.

The third most prevalent clinical manifestation of SLE with significant use of com-
plementary therapies was renal involvement. The kidney is the most commonly affected
visceral organ in SLE, and renal failure and sepsis are two of the main causes of mortality in
patients with SLE [38]. In the present study, the use of probiotics and visits to the Chinese
medicine department in a hospital were significantly associated with renal involvement. A
meta-analysis of 13 randomized controlled trials showed that the intake of probiotics, prebi-
otics, and synbiotics could reduce the formation of uremic toxin, p-cresol, and their serum
levels [39]. Another meta-analysis of 13 clinical trials revealed that prebiotic, probiotic,
and synbiotic supplementation could significantly decrease urea and blood urea nitrogen,
but uric acid was increased. No significant changes in the glomerular filtration rate were
observed [40]. However, no studies have specifically examined the effect of probiotics on
renal function in patients with SLE. Furthermore, as safety reporting in studies assessing

81



Medicina 2022, 58, 944

probiotics, prebiotics, and synbiotics is still inadequate [41], the potential risk in using
probiotics in immunocompromised patients must be carefully evaluated.

In the present study, renal involvement was significantly associated with a more
frequent visit to the Chinese medicine department in a hospital. A meta-analysis of six
randomized controlled trials with 470 patients showed that the combination application of
traditional Chinese and Western Medicine could improve the clinical efficacy of treatment
of lupus nephritis with lower 24-hour urine protein, serum creatinine, and decrease adverse
drug reactions [42]. Based on the secondary analysis of 16,645 newly diagnosed SLE
patients identified from the Taiwan National Health Insurance Research Database, the
combined use of conventional medicine and traditional Chinese medicine was found to
significantly decrease the risk of lupus nephritis among Taiwanese patients with SLE [43].
Additional studies are warranted to explore the type of Chinese medicine prescriptions
that were commonly used in SLE patients with renal involvement and their efficacy when
combined with Western medicine.

There were some limitations in this study. First, due to the cross-sectional design of the
present study, causal inferences between the SLE manifestations and their associated factors
could not be established. Second, the findings of the study might not be generalizable to
other countries with different health care systems and cultural dimensions.

5. Conclusions

In conclusion, the prevalence of SLE clinical manifestations and the use of complemen-
tary therapies were identified in female Taiwanese patients with SLE. It is important that
health care providers have up-to-date knowledge of common complementary therapies
and be ready to provide evidence-based advice to patients with SLE. Furthermore, given
the increasing use of fish oil supplements for Raynaud’s phenomenon and probiotics for
renal involvement, their safety and efficacy should be investigated in future studies.
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Abstract: Background and Objectives: The most frequent cause of mortality in rheumatoid arthritis
(RA) patients is cardiovascular disease (CVD). Inflammation, dyslipidemia, and decreased physical
activity are some of the main risk factors for CVD. Siwan sand therapy is a type of traditional therapy
used in Egypt to treat RA. The approach of this therapy depends on the experience of the healers.
The aim of the current study was to compare the effects of three sessions of Siwan traditional therapy
to five sessions on common CVD risk factors and physical function in rheumatoid arthritis patients.
Materials and Methods: Thirty patients (9 male and 21 female) were assigned into two groups of
equal size: group (A) received three sessions of Siwan traditional therapy in the form of a sand bath.
Group (B) received the same form of therapy for five days. Erythrocyte sedimentation rate (ESR),
lipid profile, atherogenic index of plasma (AIP), and a health assessment questionnaire (HAQ) were
measured before and after treatment. Results: There was a significant increase above normal within
group (A) for ESR (p = 0.001), triglycerides (TG; p = 0.015), total cholesterol (Tot-Chol; p = 0.0001),
and low-density lipoprotein (LDL; p = 0.0001). However, there were no considerable differences
in high-density lipoprotein (HDL; p = 0.106), very low-density lipoprotein (VLDL; p = 0.213), AIP
(p = 0.648), and HAQ (p = 0.875). For the second group, there were significant changes within group
B only in Tot-Chol (p = 0.0001), HDL (p = 0.0001), VLDL (p = 0.0001), AIP (p = 0.008), and HAQ
(p = 0.014). There was a significant difference between both groups regarding HDL (p = 0.027), LDL
(p =0.005), AIP (p = 0.029), ESR (p = 0.016), and HAQ (p = 0.036). Conclusions: For RA patients, five
days of Siwan traditional therapy caused significant changes regarding inflammation, Tot-Chol, LDL,
HDL, AIP, and functional activity when compared to three days of Siwan hot sand therapy.

Keywords: Siwa; Siwan traditional therapy; psammotherapy; cardiac risk factors; lipid profile;
atherogenic index; physical function; rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a systemic, chronic, progressive autoimmune disease
that primarily affects the linings of the joints (synovial membranes) [1,2]. The most affected
populations with RA are women, smokers, and people with RA family history [3]. In
developed countries, RA affects 0.5-1% of the adult population [1], with 40 new cases
for every 100,000 people each year [4]. Considering that low-to-middle-income countries
account for the vast majority of the world’s population, the number of affected people is
significant and is expected to grow in the coming years [5].

Pathogenic pathways underpin the etiology of inflammatory rheumatic diseases,
which are initiated by a systemic decrease in immunological tolerance and a subsequent
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disruption in the immune system. Multiple disorders outside of the joints are linked to
systemic inflammation [6], such as vasculitis and uveitis, rheumatoid nodules, pericarditis,
osteoporosis, rheumatoid lung [7], cardiovascular events, anemia, atherosclerosis, and type
2 diabetes mellitus [6].

Patients diagnosed with RA are 30-60% more likely to develop cardiovascular disease
(CVD) than the general population [8]. In individuals with rheumatoid arthritis, the inci-
dence of myocardial infarction and stroke was nearly doubled. Patients with rheumatoid
arthritis exhibited a 30% increase in CVD mortality [9]. Approximately 30% of asymp-
tomatic RA patients in a study group in upper Egypt had atherosclerosis compared to
only 5% of normal control. Between the disease activity index and atherosclerosis, there
was a strong statistically significant correlation [10]. CVD is a major mortality causing
factor in RA patients [9]. The relationship between RA and CVD might be thought of
as a “natural experiment” that, if properly analyzed, could shed light on the underlying
processes by which inflammation speeds up the development of atherosclerosis, as well
as heart disease [11]. Hence, the inflammation in RA is not confined to the joints but
also present in the vessel wall. Previously believed to be a passive illness caused by lipid
buildup, atherosclerosis is now widely understood to be a dynamic inflammatory process
that starts with endothelial activation, leukocyte recruitment, and lipid oxidation and ends
with plaque instability and thrombosis [12].

When compared to the general population, patients with RA have a 1.5-2.0-fold
greater risk of developing coronary artery disease (CAD) [9], which is comparable to the
risk posed by diabetes mellitus [13]. This elevated CAD risk is evident even before the
clinical diagnosis of RA: before diagnosis, persons with RA were more than three times
more likely to have had a previous MI than participants without RA. A European League
Against Rheumatism expert group has advised that CV risk ratings in certain RA patients
be multiplied by 1.5 to reflect their elevated risk of heart disease [14]. In individuals with
RA, diastolic dysfunction may be linked to systemic inflammation, increasing the risk of
heart failure [15].

In the general population, an unfavorable lipid profile, often called dyslipidemia, is
a major risk factor for cardiovascular disease (CVD) [15,16]. Researchers found that the
risk of cardiovascular disease steadily rose in correlation with blood cholesterol levels [17].
Convincing data suggests that people with rheumatoid arthritis (RA) have an increased
risk of cardiovascular disease [9]. On the other hand, systemic inflammation appears to
play a significant role in the lipid profile alterations seen in RA, making the relationship
between lipids and cardiovascular risk in this disease more complicated than in the general
population. Total cholesterol (Tot-Chol), low-density lipoprotein (LDL), and high-density
lipoprotein (HDL) values are all lower in individuals with active, untreated RA, according
to mounting data [18]. However, rising blood lipid levels may occur simultaneously with
decreasing inflammation [19]. Uncertainty surrounds the effects of these modifications
on cardiovascular risk, as well as the relative contributions of dyslipidemia and systemic
autoimmune inflammation to this risk in RA [20].

Inflammatory indicators such as CRP, erythrocyte sedimentation rate, rheumatoid
factor, anti-citrullinated protein antibodies, and more active or severe RA are all linked to
an increased risk of cardiac disease in RA patients [21]. Even in people without rheumatic
illnesses, rheumatoid factor and anti-nuclear antibodies are linked to heart disease and
overall mortality [22]. Reduced muscle mass as well as an abnormal body mass index,
which could be the result of uncontrolled inflammation, increase the likelihood that people
with RA will engage in less physical activity [23]. HAQ, which measures functional activity,
is a predictor of CVD and death [24]. The HAQ disability index (HAQ-DI) is a self-reported
measurement of physical function. When evaluating the level of physical impairment
caused by RA, the HAQ Disability Index (HAQ-DI) is the disability assessment component
of the HAQ [25].

RA is a costly chronic systemic disease; therefore, it is important to explore different
effective, cheap, and safe methods of therapy. Traditional sand therapy is one of the
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well-known traditional therapies in eastern countries, and Siwan sand therapy in Egypt
is one such therapy. Siwan therapy is related to the word “Siwa”, which is an oasis in
the western desert of Egypt. Siwan families have special skills in traditional healing.
They pass their knowledge from generation to generation [26]. Siwan sand therapy was
found to be more effective in improving functional activity and decreasing pain in RA
patients than traditional physical therapy [27]. Generally, sand therapy can increase internal
body temperature, decrease peripheral vascular resistance, increase tissue metabolism and
venous return, and improve cardiac output, which in turn, increases the excretion of
waste [28]. Despite the previously mentioned effects of sand therapy, it is not a popular
intervention. Siwa Oasis has several traditional healing centers where sand therapy is
applied. The centers receive patients from different governates in the country, most of them
from rural areas or indigenous tribes on the borders of Egypt. Despite its great heritage
value, there have not been enough studies conducted to validate its ideal approach and
discover its underlying mechanism.

Per the authors’ knowledge, the current study is the first conducted to investigate the
effect of Siwan sand therapy on some cardiac risk factors such as inflammation, lipid profile,
atherogenic index, and physical function. Although cardiac events are the main cause of
death in RA patients, the mechanism of their death is not well understood. Evidence suggests
that people with RA are less likely to obtain either primary or secondary heart preventative
medicine due to a lack of awareness among health providers and patients [15]. The current
study aims to discover more about the effect of a cheap and safe treatment, sand therapy, on
RA patients’ cardiac risk factors, considering that RA patients die mostly from CVD [9]. The
study helps design the best practice protocol for such rare natural therapies.

2. Materials and Methods
2.1. Study Design

This study is a prospective single-blind pretest—posttest clinical trial. It was approved
by the Ethics Committee of Cairo University’s Faculty of Physical Therapy, Egypt (P.T.
REC/012/00947). The research adhered to the Declaration of Helsinki’s standards for the
treatment of research participants. Research was conducted from March 2021 to August
2022. Siwan traditional therapy starts from June until the beginning of September annually.

2.2. Participants

Thirty RA patients, 9 males and 21 females, participated in this study according
to the 2010 American College of Rheumatology/European League Against Rheumatism
classification criteria for RA [29]. Patients were recruited from seven traditional healing
centers in Siwa, Marsa Matrouh Governorate. They were interviewed and evaluated
individually to assess their eligibility to be included in the study. Positive RA patients
on a stable anti-rheumatic drug regimen; age range of 40 to 60 years; and BMI of 25 to 40
were the inclusion criteria. Patients who were known to have one of the following criteria
were excluded from the study: uncontrolled diabetes, uncontrolled hypertension, renal
disorders, unstable angina, heart failure, pregnancy, and bleeding disorders. Patients were
assigned into two groups according to the number of treatment sessions.

2.3. Randomization

Patients were randomly assigned into two equal groups according to the number of
treatment sessions. The authors did not interfere in selecting the number of sessions because
it depended on the patient’s budget, tolerance, and preference after discussion with the
traditional healers. However, a random list was generated within each group in an Excel sheet
according to the patient order. Despite that, the principal healer knew the number of sessions
for each group. The healer assistants who applied the process for the patients were blinded
and did not know about the patients’ grouping till the end of the treatment day. All subjects
gave their informed written permission before the initial assessment.
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2.4. Intervention

Group (A) (n = 15) received Siwan sand therapy for three days, and Group (B) received
Siwan sand therapy for five days. Sessions were conducted every day between 1 p.m.
and 4 p.m. when the temperature of the sand was between 45 and 60 °C. It began with
orientation the day before the sand baths began. Patients were advised not to take a shower
or use body lotion or cream before the bath and not to use a fan or air conditioning during
the sand bathing period and for three days after treatment. The patients were instructed
to cover their bodies well to prevent air drafts and drink a significant amount of hot or
warm fluids before and after every session to prevent dehydration. In the early morning
of the next day, healers traveled to El Dakrour Mountain to dig holes in the sand. The hot
radiation of the sun increases the sand temperature until noon. The patients were asked to
lay supine in the hole. Then, healers covered their bodies with sand, except for the neck
and head regions, which were kept under a small umbrella. The sand bath continued for
15-30 min as tolerated by the patient, then they were well wrapped and transferred to
a dry tent close to the hole. The patients were seated inside the tent for 10-15 min and
were given herbal warm drinks such as anise and lemon juice. Sweating and a number of
physiological changes take place for two hours from the beginning of the session. After the
sweating stopped, patients were able to change clothes into dry and heavy ones and were
allowed to go to the hotel for rest. After three and five sessions of sand bathing, groups (A)
and (B) received a whole-body massage with olive oil. Patients rested until the morning
and were then allowed to travel back home.

2.5. Outcome Measures
2.5.1. Lipid Profile

Composed of Tot-Chol, TG, HDL, LDL, and VLDL were assessed according to standard
laboratory protocol [30]. Interpretations of the lipid profile:

e  Tot-Chol: normal, up to 200 mg/dL; borderline, 200-239 mg/dL; high, more than
240 mg/dL.

e  TG: normal female, 35-135 mg/dL; normal male, 40-160 mg/dL.

e  HDL: 45-65 mg/dL is considered normal.

e LDL: normal, less than 100-130 mg/dL; borderline high, 130-159 mg/dL; high,
160-189 mg/dL.

e  VLDL: normal, 25-50 mg/dL.

2.5.2. Atherogenic Index of Plasma (AIP)
Measured by (AIP =1log10 TG/HDL) [31,32].

e Lower values are associated with a lower risk of cardiovascular disease.
e  Values between 0.11 and 0.21 are associated with intermediate risks.
e  High risks are associated with values greater than 0.21.

2.5.3. Inflammatory Marker

As a common and cheap hematology test, the erythrocyte sedimentation rate (ESR)
was used to indicate and monitor the increased inflammatory activity, according to the
International Council for Standardization in Hematology (ICSH) [33]. The ESR fast detector
machine was used for the test. Its normal value is up to 7 mm/s.

2.5.4. Physical Function

The HAQ disability index examines a patient’s functional capacity and includes
questions on fine upper-extremity movements, locomotor activities of the lower limb, and
tasks that include both the upper and lower extremities. Twenty questions are broken
down into eight different categories of functioning, each of which represents a full set of
functional tasks. These categories include clothing, getting up, eating, walking, hygiene,
reaching, and gripping, as well as daily activities. Each question begins with the phrase
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“Are you able to...?” before moving on to the specific activity. On a scale from 0 (no
disability) to 3 (severe impairment) (completely disabled), the patient’s answers are written
down. At least two distinct component questions are included in each of the categories [34].
The HAQ-Arabic version was employed in the present investigation [35].

e (tol,0indicates mild to moderate difficulty
e 1to2indicates moderate to severe difficulty
e 2to3indicates severe to very severe difficulty.

2.6. Sample Size Effect

The appropriate sample size for this study is 30 patients (15 patients in each group).
The G*Power software version 3.1.9 (G*Power program version 3.1, Heinrich-Heine-
University, Diisseldorf, Germany) was used to calculate the two-tailed test sample size.
The sample size calculation was dependent on t-tests (means: difference between two
independent means for two groups), type I error (alpha = 0.05), power (1-Beta = 90%), and
the effect size d = 0.95.

3. Results
3.1. Statistical Analysis

In the current study, data were normally distributed after using the Shapiro-Wilk test
(p > 0.05) and Levene’s test for testing the homogeneity of variance (p > 0.05). SPSS Package,
version 25 for Windows, was used to conduct the statistical analysis (SPSS, Inc., Chicago,
IL, USA). Statistical measures for continuous data are the mean and standard deviation,
whereas those for discrete data are numbered categories (percentage). For numerical data,
a paired t-test was utilized to compare the two groups pre- and post-treatment, and an
unpaired t-test was utilized to compare the two groups pre- and post-treatment. For
categorical data, the Chi-square test was utilized for within-group, between-group, and
subgroup comparisons. When the level of probability is less than or equal to 0.05 (p < 0.05),
the data is considered significant.

3.2. Results

An overall number of 30 theumatoid patients from both genders (9 males and 21 females)
were involved in this study and randomized into two groups (15 patients per group). The
statistical analysis for demographic data (Table 1) revealed that there were no significant
differences (p > 0.05) in age (p = 0.617), BMI (p = 0.834), disease duration (p = 0.407), gender
(p = 0.690), diabetes (p = 0.624), hypertension (p = 0.409), heart problems (p = 0.143), poor
lipids (p = 0.232), medication (p = 0.464), academic level (p = 0.295), and history of previous
Siwan Traditional Therapy (p = 0.705) between the two experimental groups.

The distribution of lipid profiles, AIP, and ESR in (Table 2) revealed that there were
significant differences between before and after treatment for triglycerides (p = 0.015),
Tot-Chol (p = 0.0001), LDL (p = 0.0001), and 1st hour ESR (p = 0.001) in group (A) pairwise
comparison tests. However, there were no significant differences in HDL (p = 0.106),
VLDL (p = 0.213), and AIP (p = 0.648) within the 3-day group. In group (B) (Table 2),
pairwise comparison testing showed that there were significant differences between pre-
and post-treatment for Tot-Chol (p = 0.0001), HDL (p = 0.0001), VLDL (p = 0.0001), and AIP
(p = 0.008) but no significant differences in TG (p = 0.406), LDL (p = 0.580), and 1st hour
ESR (p = 0.878) within the 5-day group. Group (B) recorded fewer changes in all laboratory
investigations (TG, Tot-Chol, HDL, LDL, VLDL, and 1st hour ESR) (5.63, 29.76, 3.98, 3.10,
3.88, and 1.04, respectively) compared to group (A) (31.37, 35.25, 6.76, 31.01, 5.79, and
28.17, respectively). At pre-treatment (Table 2), pairwise comparison tests (group effect)
revealed no significant differences in all studied laboratory investigations. After treatment
(Table 2), HDL (p = 0.027), LDL (p = 0.005), AIP (p = 0.029), and 1st ESR (p = 0.016) were
affected significantly (p < 0.05) between both groups. However, there were no substantial
differences among the 3-day group and the 5-day group in Siwan traditional therapy, TG
(p = 0.340), (p = 0.559), VLDL (p = 0.503). A further subgroup analysis is seen in Table 3.
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Table 1. Rheumatoid patient’s general characteristics in 3-day group and 5-day group.

Groups
Items Group A (n =15) Group B (n =15) p-Value
3-Day Group 5-Day Group
Age (year) 48.89 £ 8.38 49.80 +£9.34 0.617
BMI (kg/m?) 30.83 + 6.42 32.37 £5.77 0.834
Disease duration (year) 10.40 +2.71 11.11 +3.29 0.407
Gender (Males:Females) 5 (33.3%):10 (66.7%) 4 (26.7%):11 (73.3%) 0.690
Diabetes (Yes:No) 2 (13.3%):13 (86.7%) 3 (20.0%):12 (80.0%) 0.624
Hypertension (Yes:No) 3(20.0%):12 (80.0%) 5 (33.3%):10 (66.7%) 0.409
Heart problem (Yes:No) 0 (0%):15 (100%) 2 (13.3%):13 (86.7%) 0.143
Poor lipids (Yes:No) 6 (40.0%):9 (60.0%) 3(20.0%):12 (80.0%) 0.232
Medication (Medicated:Non-medicated) 7 (%):8 (53.3%) 9 (60.0%):6 (40.0%) 0.464
Academic level (Educated:Non-educated) 13 (86.7%):2 (13.3%) 10 (66.7%):5 (33.3%) 0.195
Have you ever been through STT before (Yes:No) 6 (40%):9 (60%) 5 (33.3%):10 (66.7%) 0.705

Unpaired t-test is used to compare numerical data expressed as mean = standard deviation. Chi-square test is used
to compare categorical data expressed as numbers (percentage). p-value: probability value; NS: non-significant;
STT: Siwan Traditional Therapy.

Table 2. Inter- and intra-groups comparison for laboratory investigations.

Groups (Mean + SD)

Items Group (A) 3-Days Group (B) 5-Days Change (MD) p-Value
(n=15) (n=15)
Before-treatment 160.00 =+ 23.89 161.30 + 61.99 1.30 0.968
After-treatment 128.63 & 92.08 155.67 + 66.58 27.04 0.340
TG Change (MD) 31.37 5.63
Change % 19.60% 3.49%
p-value 0.015* 0.406
Before-treatment 161.62 + 48.29 160.90 + 35.63 0.72 0.959
After-treatment 196.87 4 35.98 190.67 + 24.80 6.20 0.559
Tot-Chol Change (MD) 35.25 29.76
Change % 21.81% 18.60%
p-value 0.0001 * 0.0001 *
Before-treatment 48.87 4+ 18.06 46.10 +9.79 2.77 0.560
After-treatment 55.63 £22.77 42.11+9.01 13.52 0.027 *
HDL Change (MD) 6.76 3.98
Change % 13.83% 8.63%
p-value 0.106 0.002 *
Before-treatment 146.43 + 23.52 142.54 +42.22 3.89 0.744
After-treatment 115.42 4 24.15 139.44 +21.98 24.02 0.005 *
LDL Change (MD) 31.01 3.10
Change % 21.17% 2.17%
p-value 0.0001 * 0.580
Before-treatment 30.45 £ 29.88 32.16 +12.40 1.71 0.817
After-treatment 24.66 £+ 19.51 28.28 +10.90 3.62 0.503
VLDL Change (MD) 5.79 3.88
Change % 19.01% 12.06%
p-value 0.213 0.0001 *
AIP Low risk (<0.11) 2 (13.3%) 0(0.0%)
Before Moderate risk (0.11-0.21) 2 (13.3%) 6 (40.0%) 0.122
treatment High risk (>0.21) 11 (73.3%) 9 (60.0%)
AP Low risk (<0.11) 2 (13.3%) 5 (33.3%)
Moderate risk (0.11-0.21) 4(26.7%) 8 (53.4%) 0.029*
after High risk (>0.21) 9 (60.00%) 2 (13.3%)
treatment p-value 0.648 0.008 *
Before-treatment 41.53 +13.98 44.33 £ 28.86 2.80 0.715
ESR After-treatment 69.70 = 32.44 43.29 £ 26.50 2541 0.016 *
(1% hour) Change (MD) 28.17 1.04
Change % 67.83% 2.35%
p-value 0.001 * 0.878

Data are expressed as mean =+ standard deviation (SD) for TG, Tot-Chol, HDL, LDL, VLDL, and ESR. Data
are expressed as number percentage for atherogenic index. MD: mean difference, p-value: probability value,

* Significant (p < 0.05).
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Table 3. Subgroup comparison of lipid profiles.

Group A (3-Days) Group B (5-Days)
(n =15) (n =15)
Lipid Profiles Categories p-Value p-Value
Before- After- Before- After-
Treatment Treatment Treatment Treatment
Low 0% 0% - 0% 0% -
TG Normal 83% 75% 0.835 42% 58% 0.439
High 17% 25% 0.705 58% 42% 0.439
Low 100% 75% 0.433 92% 67% 0.414
Normal 0% 0% - 0% 0% -
Tot-Chol Borderline 0% 17% - 0% 33% -
High 0% 8% - 8% 0% -
Low 44% 55.3% 0.796 66.6% 46.66% 0.046 *
HDL Normal 33.33% 11.36% 0.257 33.3% 53.33% 0.041*
High 22.6% 33.33% 0.480 0% 0% -
Low 33.33% 11.36% 0.257 11.11% 0% -
LDL Normal 55.31% 55.31% 1.000 44.44% 53.33% 0.796
Borderline 0% 11.11% - 33.33% 40.00% 0.763
High 11.36% 22.22% 0.655 11.11% 6.67% 0.564
Low 42% 38% 0.989 25% 17% 0.705
VLDL Normal 42% 54% 0.593 67% 83% 0.670
High 17% 8% 0.317 8% 0% -
Low risk 13.30% 13.30% 1.000 0.00% 33.30% -
AIP Moderate risk 13.30% 26.70% 0.414 40.00% 53.40% 0.593
High risk 73.30% 60.00% 0.655 60.00% 13.30% 0.035*

Data are expressed as number percentage p-value: probability value * Significant (p < 0.05).

Table 3 shows the comparison of lipid profiles and AIP in subgroups; there was a
significant (p = 0.041) increase in normal HDL values after Siwan Traditional Therapy and
a non-significant increase in normal TG (p = 0.439), LDL (p = 0.796), and VLDL (p = 0.670)
values in group (B).In group A, there was a non-significant increase in normal values of
VLDL (p = 0.593) and a non-significant decrease in normal values of TG (p = 0.835) and
HDL (p = 0.257), but there was no change in normal values of LDL (p = 1.000). Moreover,
no change was noted in total cholesterol profiles in both groups. In group B, there was a
significant decrease in high AIP risk (p = 0.035) and a non-significant increase in moderate
risk (p = 0.593) while increasing the percentage of low risk. However, in group A, there was
a non-significant decrease in high risk (p = 0.655), a non-significant increase in moderate
risk (p = 0.414), and no change in low risk (p = 1.000). In general, there were significant
improvements in HDL and AIP and non-significant improvements in TG, LDL, and VLDL
due to the treatment of rheumatoid patients with 5-day traditional sand therapy (Group B)
compared with 3-day traditional sand therapy (Group A).

The distributions of HAQ (Table 4) did not differ significantly between before and after
treatment within the 3-day group (p = 0.875), but there were substantial differences in HAQ
within the 5-day group (p = 0.014). There were no significant differences in HAQ before
treatment (p = 0.656), but there were substantial differences in HAQ at post-treatment
(p = 0.036) between Groups (A) and (B).
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Table 4. Inter- and intra-groups comparison for HAQ.

Groups
Variables Categories Group (A) Group (B) p-Value
3-Days Group (1 = 15) 5-Days Group (1 = 15)
Bef Mild—moderate difficulty (0-1) 5(33.3%) 4 (26.70%)
elore- Moderate—severe disability (1-2) 8 (53.3%) 7 (46.7%) 0.656
treatment Severe—very severe disability (2-3) 2 (13.3%) 4 (26.7%)
HAQ Af Mild—moderate difficulty (0-1) 5 (33.3%) 12 (80.0%)
ter- Moderate—severe disability (1-2) 7 (46.7%) 2 (13.3%) 0.036 *
treatment Severe—very severe disability (2-3) 3 (20.0%) 1(6.7%) :
p-value 0.875 0.014 *

Data are expressed as number (percentage). p-value: probability value * Significant (p < 0.05).

4. Discussion

Sand therapy has been used for centuries to improve function and reduce pain in
patients [36]. Siwa is a place that embraces that practice. However, modern science has not
investigated its benefits and hazards extensively. Therefore, the current study evaluated
the efficacy of Siwan traditional sand therapy on some cardiac risk factors. It is a trial to
uncover few physiological changes that happen to RA patients because of that approach,
which is directed mainly toward pain and function rather than its mechanism or other
effects. In a trial to standardize this method, the study also compares the effects of 3 days
versus 5 days of treatment, as traditional healers usually, from their experience, recommend
an odd number of sessions: three, five, or seven.

The main risk factors for CVD in the overall population include dyslipidemia, hyper-
tension, obesity, lack of physical activity, poor nutrition, and smoking [37]. Disease activity
scores and inflammation are important risk factors for CVD in RA patients as there is a
significant association between them [38]. Therefore, controlling inflammation is important
to reduce CV events [39]. Inflammation was assessed using the ESR test. An elevated ESR
is an important detector of coronary artery disease [40].

The results of the current study revealed that in the 3-day group, there was a significant
increase when comparing before and after treatment for ESR (p = 0.001), while there was
an insignificant decrease in the second group (p > 0.05), showing that ESR (a measure of
inflammation) went up in the 3-day group and went down in the 5-day group. The increase
in inflammatory biomarkers (ESR) in the 3-day group may be due to the immediate effect of
generalized hyperthermia. The patient is exposed to a high temperature (from 45 to 60 °C)
for 15 to 30 min, which might have stimulated thermo-nociceptors called Transient Receptor
Potential Vanilloid 1 (TRPV1), which in turn, can increase inflammation by the production
of interleukin-6, interleukin-8, and prostaglandin, thereby reducing inflammation [41].
Thermal therapy might reduce inflammation and repair cartilage damage by preventing
the binding of serum tumor necrosis factor-a (TNF) to activated cells that produce pro-
inflammatory cytokines [42].

The Siwan sand mineral constituents may explain the beneficial effect of the current
study when augmented by the effect of hot sand. The hot sand bath increases skin per-
meability, which might aid the transport of the sand’s mineral constituents to the skin’s
deeper layers, allowing them to do their work [43]. Siwan sand was analyzed in a previ-
ous study in 2018, and it was found to be rich in carbon, silicon, Ca, and Mg, plus other
microelements [27]. The elements Ca (in ionic form) and Zn (in covalent form) can enter
the dermis and be absorbed by skin cells. Ca?* plays an important role in maintaining
healthy muscle and nervous system function, as well as regular cardiovascular function.
Calcium treatment in conjunction with vitamin D treatment is also known to improve
calcium absorption. As a result, sand treatment is beneficial to human health and may have
a role in reducing musculoskeletal disease and enhancing functional impairment. Sand
walking is a great way to exercise and obtain vitamin D from the sun [44], which in turn,
might have affected the results of HAQ.
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Low magnesium (Mg) levels are linked to increased inflammation [45]. For example,
magnesium salts in Dead Sea water have a beneficial effect on inflammatory diseases [46].
Moreover, in 1966, the German chemist Bedouno Sanouni analyzed the sands near Siwa.
Radon levels were reportedly greater than in neighboring areas. Geological research
revealed silica carbonates, iron, and magnesium in quite high concentrations. Radon
therapy is recommended for rheumatoid arthritis and has been used in rheumatoid arthritis
treatment since the beginning of the 20th century [47]. Radon is taken up by transcutaneous
resorption, which may be facilitated by carbon dioxide or heat [48], and then it is distributed
all over the body by the blood. Radon stimulates the release of anti-inflammatory cytokines.
These cytokines act as antagonists against the pro-inflammatory cytokines [49].

Results of the lipid profile of the current study showed that in Group (A), there was
no significant increase in the normal value before and after treatment for VLDL, while
there was no significant increase in the abnormal values of TG, Tot-Chol, HDL, and LDL. In
Group (B), there was a significant increase in normal values of HDL pre- and post-treatment
but no significant increase in normal values of VLDL pre- and post-treatment.

The plasma lipid profile is a major risk factor and predictor of CVD [50]. A strong
association was found between low values of HDL, high levels of LDL, and cardiovascular
events [51]. Chronic inflammation in RA leads to quantitative as well as qualitative changes
in TG, LDL, and HDL [52]. It leads to a condition of “reverse epidemiology”. Patients in
remission from their RA no longer have the “lipid paradox” of high CV risk among those
with low LDL cholesterol [53]. Therefore, the increased inflammation in the 3-day group in
the current study might explain the increased number of patients with abnormal values
of TG, Tot-Chol, HDL, and LDL. Group (B) results are aligned with a study conducted on
healthy young males who received 10 hot sauna sessions. LDL and cholesterol fraction
levels dropped throughout the sauna sessions. However, after sauna sessions, some people
noticed a small (but not statistically significant) increase in HDL and a temporary decrease
in TG [54]. The present study contradicted a study that showed a statistically significant
rise in blood Tot-Chol with small as well as statistically insignificant shifts in LDL and HDL
fractions in a group of middle-aged patients subjected to a set of 20-min bathing sessions
in natural hot springs with temperatures of 42 °C two times a week for three months [55].
The difference between this result and the current study result may be due to differences in
both temperature and/or treatment approach.

One factor that may explain the tendency of the lipid profile toward normal values
in the 5-day group is the presence of magnesium, which is very important for human
health. Under the form of Mg+2, magnesium produces well-known effects based on animal
experimentation “in vivo”, reducing cardiovascular pathologies since it has an important
role in the metabolism of fats or lipids [44]. Although both groups took the same sessions
at different doses, the results were different. It might be recommended that patients
suffering from dyslipidemia need higher doses of thermal and magnesium therapy. The
impact of lipid fluctuation due to the variable grade of chronic inflammation on CV risk
is less well understood throughout the disease process [56]. The fluctuations in increased
inflammation in the 3-day group and a decrease in the 5-day group might have affected
the lipid profile results and made them even more difficult to explain, especially with the
known lipid paradox in RA patients. Therefore, the AIP may be a better choice for assessing
the relative impact of lipids on CV risk in those patients than the specific cholesterol fraction
tests [44,56].

The atherogenic index of plasma (AIP) is a powerful predictor of atherosclerosis,
as well as coronary heart disease. It reflects the genuine link between protective and
atherogenic lipoproteins and is related to the particle size of pre- and anti-atherosclerotic
lipoproteins. It may be determined using the log (TG/HDL-C) equation [51]. The results
showed that there was a non-significant change in Group A and a significant change in
the second group. A significant difference was also found between groups. The non-
significant decrease in AIP in Group (A) might be related to the increased inflammation in
that group, which affected the results of TG and HDL, while the significant improvement
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in AIP in Group (B) might be related to the decreased inflammation and its effect on TG
and HDL. ESR is positively correlated with AIP in RA patients and is a predictor of AIP.
Rheumatoid arthritis is linked to an altered lipid profile, particularly in individuals with
elevated inflammatory markers, as well as autoimmune antibodies [57].

Fatigue, anemia, and muscle wasting accompany chronic inflammation with other
specific disease symptoms, leading to deconditioned muscles. Comorbidities exacerbate
inflammation, which in turn, negatively affects physical activity and cardiovascular per-
formance. This is the “vicious cycle” of chronic inflammation underlying inflammatory
rheumatic disorders [58]. Physical inactivity is one of the risk factors for cardiac events in
RA patients, and these results can be explained by the fact that inflammation was lower in
group B than in group A. The results might also be attributed to the physiological effects
of sand therapy, as hot sand baths can significantly increase body temperature, which in
turn, improves muscle tonicity and decreases pain [34]. It also reduces peripheral arterial
resistance and increases blood flow [59], which in turn, increases tissue metabolism and
oxygenation [60]. These results are in agreement with a previous study where seven ses-
sions of Siwan sand therapy improved functional disability in RA patients [27]. However,
it came into conflict with the short-term measures of another previous study [61], which
found that seven sessions of Siwan sand therapy on RA patients decreased functional
activity. Both studies were conducted in Siwa, but the measurement was performed after
different treatment durations and/or treatment protocols from the current study.

Increasing physical activity could lead to better disease control, as recommended
by recent international guidelines, and thus, improve the CV profile. Physical function
measured by HAQ could be an indicator of physical activity, as HAQ is significantly
associated with physical activity [34]. Physical function measured by HAQ in the first
group improved but not significantly. It has, however, significantly improved in group B,
as well as between the two groups.

These results can be explained by the fact that inflammation was lower in group B
compared to group A. The results might also be attributed to the physiological effects
of sand therapy, as hot sand baths can significantly increase body temperature, which
in turn, improves muscle tonicity and decreases pain [34]. It also reduces peripheral
arterial resistance and increases blood flow [59], which in turn, increases tissue metabolism
and oxygenation [60]. These results are in agreement with a previous study where seven
sessions of Siwan sand therapy improved functional disability in RA patients [27]. However,
it came in conflict with the short-term measures of another previous study [61], which
found that seven sessions of Siwan sand therapy on RA patients decreased functional
activity. Both studies were conducted in Siwa, but the measurement was performed after
different treatment durations and/or treatment protocols different from the current study.

Hippocrates, known as the “Father of Natural Medicine,” thought that because man
is part of the Cosmos, nature may heal him. He viewed health as the perfect condition of
equilibrium among natural forces, and he felt that physicians should consider the curative
power of vital energy. He suggested sunbathing, water, and detoxifying to attain this
purpose [44]. It is worth mentioning that there is something else beyond the effect of hot
sands that might have boosted the results of this study, which is the harmony between
natural forces that is found in Siwa. Maybe it is the special location, below sea level by up
to 18 m, the very dry and hot weather, the ecological architecture, the mineral springs, and
the salt lakes that work together to encourage body self-healing [36] in a way that is known
as climatotherapy rather than sand therapy.

5. Conclusions, Limitations, and Recommendation

The study found that 5-days Siwan hot sand therapy caused significant changes
regarding inflammation, Tot-Chol, LDL, HDL, AIP, and functional activity when compared
to 3-days of Siwan hot sand therapy. Five sessions of Siwan sand therapy might be able to
reduce cardiovascular risk factors more than three sessions of therapy. More investigations
are needed to explore the underlying mechanisms of such measured effects. The clinical
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implementation of the current results still needs further research and comparison between
RA patients, a normal subject group, and a RA placebo group. Further studies are needed to
evaluate the chronic effects of longer sand therapy sessions and to establish a standardized
sand bath therapy protocol for the various clinical conditions and different approaches to
setting an effective treatment session.

The authors considered that the measured biological variables could be changed
because of the climate of the place (climatotherapy) rather than only sand therapy. That
is why the control group should be in Siwa. However, the current study is limited to
the two experimental groups without a control group, which was not convenient for the
patients (due to the long distance and the fatigability of the disease, as well as for the
research budget). It was also considered unethical to transport patients over long distances
without providing treatment. Further randomized control trials with a larger sample size
are recommended for future research. The research is limited to 30 patients. However, this
type of intervention is only available 70 days a year and for a limited number of patients.

It is also important to highlight that this study aimed to investigate the effect of
Siwan sand therapy, which is a non-invasive, known, and widely used approach by RA
patients. It did not aim to assess its effectiveness. Rheumatoid patients usually target
symptomatic relief rather than the risk factors. The current study measured inflammation,
lipid profile, atherogenic index, and physical function as a trial to give a deep look inside the
physiological changes due to this kind of therapy. More research is needed to extensively
explore the underlying effects of such interventions. Cardiac risk factors were selected as
the leading cause of death among RA patients.
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Abstract: Uncontrolled chronic inflammation results in cardiovascular disease and early death. In
this review, we studied the impact of rheumatoid arthritis on the cardiovascular system, including the
early and accelerated development of atherosclerosis and its clinical manifestations, focusing on the
inflammatory mechanisms leading to arterial wall damage, rapid atherosclerotic plaque formation,
and thrombosis. Furthermore, the effect of medications used to treat rheumatoid arthritis on the
cardiovascular system was studied. The effect of chronic inflammation and medication on traditional
cardiovascular risk factors is not the main subject of this review. We observed that uncontrolled
chronic inflammation and some medications directly impact all the stages of atherosclerosis. In
conclusion, reducing inflammation and maintaining long-term remission in rheumatoid arthritis may
prevent early atherosclerosis. We believe that this review will encourage a better interdisciplinary
approach to the management of these patients and further research in this field.

Keywords: rheumatoid arthritis; chronic inflammation mechanisms; cardiovascular risk; cardiovas-
cular mortality; medications used in rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory systemic disease that primarily
affects the synovial membrane, cartilage, and bones of small- and medium-sized joints,
leading to chronic damage and pannus formation; however, blood vessels and various
internal organs are also often affected [1-5]. The prevalence of RA in the general population
is approximately 1%, and women are predominantly affected. RA results in significant
disability, socioeconomic consequences, and a short lifespan of 5 to 18 years, mainly
attributable to increased cardiovascular (CV) morbidity and mortality [1,6,7]. The causes
of RA remain unknown, but being of female sex and a family history of RA are known
risk factors. Known triggers for RA include exposure to bacterial or viral infections,
especially bacteria that cause periodontal disease or the Epstein-Barr virus; trauma, bone,
or joint fractures; cigarette smoking; and obesity. Typically, the symptoms of RA develop
slowly over several weeks or months and can range from mild to severe. They include
articular symptoms, such as pain and swelling; morning stiffness or stiffness after prolonged
rest lasting >30 min; symmetrical involvement and loss of function; general symptoms
such as fatigue, fever, and weight loss; and extra-articular symptoms such as rheumatoid
nodules, cardiopulmonary disease, eye disease, Sjogren’s syndrome, rheumatoid vasculitis,
neurological manifestations, and Felty’s syndrome [1-16].
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Atherosclerosis and its complications are the most common CV manifestations of RA
and are the leading cause of death in patients with RA. Moreover, two major mechanisms
of chronic inflammation have a substantial impact on CV risk causing direct damage to
the CV system, especially the arteries, and an indirect effect through traditional CV risk
factors. These factors synergistically increase CV risk, morbidity, and premature mortality.
The traditional risk factors include arterial hypertension, cigarette smoking, dyslipidemia,
low levels of physical activity, and diabetes/insulin resistance [17]. Compared with healthy
individuals, patients with RA experience adverse effects on the development of CV disease
(CVD) due to traditional CV risk factors, including arterial hypertension that increases the
risk by 53-73% (in most but not all studies); cigarette smoking increases risk by 25-50%;
dyslipidemia increases risk by 73% (difficulty in assessment due to “lipid paradox”); low
physical activity is neutral to the increased risk; diabetes/insulin resistance is double; and
obesity increases risk by 16% (in most but not all studies) [18-37]. However, the effects of
chronic inflammation in RA and of medications used for its treatment on traditional CV
risk factors are not the subjects of this article. The focus of this review was to gather all
relevant data and knowledge, analyze and discuss the role and mechanisms of chronic
inflammation, as well as the effect of medications used for treating RA, on the CV system.
We believe that this review will contribute to an improved understanding and encourage
further research to prevent early atherosclerosis development and its consequences in
patients with RA.

2. Materials and Methods
2.1. Objective

To systematically gather and analyze all relevant data regarding the direct effects of
chronic inflammation associated with RA, as well as the effect of RA medications on the
cardiovascular system.

2.2. Data Sources

A systematic search and review of the available relevant literature was conducted in
the medical databases Web of Science, Scopus, PubMed, and Cochrane Library.

2.3. Keywords Used in Article Selection

Rheumatoid arthritis, chronic inflammation mechanisms, cardiovascular risk, car-
diovascular mortality, coagulation mechanisms, medications in rheumatoid arthritis, non-
steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids/ corticosteroids, methotrexate,
hydroxychloroquine, leflunomide, cyclosporine, azathioprine, biologic medications, inflix-
imab, etanercept, adalimumab, tocilizumab, abatacept, rituximab, certolizumab, tofacitinib,
golimumab, sarilumab, anakinra, canakinumab, baricitinib, and statins.

2.4. Article Selection: Inclusion and Exclusion Criteria

Inclusion criteria: Data from meta-analyses, large randomized controlled trials, prospec-
tive clinical trials, relevant reviews, as well as data from the European Society of Cardiology
and European Alliance of Associations for Rheumatology guidelines, were considered to
be the most relevant. Smaller studies were included only if no other data were available
or if we considered them crucial. Only two case reports, one expert opinion, and one
meta-analysis (critics) were included on specific topics. All the known study limitations
are listed in Table S1. The selected and analyzed articles consisted of important data on
the following topics: mechanisms of chronic inflammation in RA and its effect on the CV
system, cardiovascular disease development in RA, and the effect of medications used to
treat RA on the CV system.

Exclusion criteria: Case reports, pilot projects, studies, meta-analyses, and reviews
with questionable methodology or reliability; underpowered studies; studies with no full-
text available; studies with a population aged <18 years; and studies not directly related to
the investigation topics were generally excluded.
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We selected abstracts of published studies according to the inclusion criteria; if suitable,
we analyzed the full text. All important data were extrapolated and copied into pre-
prepared tables and were analyzed by at least one cardiologist and rheumatologist. Special
attention was paid to the statistical data in articles, which were reviewed by at least one
of two employed statisticians. The statistician assessed the size and representativeness of
the sample and the use of statistical methods and their adequacy. The final analysis was
performed by all the authors. The precise selection process is described in Section 3.1 and
in the Supplementary Materials.

2.5. Limitations

We accepted all articles written in English or German. Studies involving populations
under 18 years of age were excluded from the review. Some studies did not declare the
number of participants in a meta-analysis or review but were accepted because of the
importance of the topic, or because only a few articles were available on certain topics.
Some limitations of the included studies were identified.

2.6. Study Design
Review.

2.7. Review Period
Studies from 1986 to 2022.

3. Results
3.1. Article Selection Process

More than 500,000 published articles were initially crudely screened in databases using
the pre-selected keywords. We initially selected 375 abstracts by narrowing the search
parameters and carefully combining the main keywords with others (e.g., rheumatoid
arthritis and biologic medications) and concurrently included or excluded article types
according to the inclusion and exclusion criteria. From 375 abstracts, including 61 meta-
analyses, we identified 145 articles that were suitable for this review according to the
inclusion and exclusion criteria (Figure 1). We excluded 3 articles that were not in English
or German, along with 24 that lacked full-text accessibility, 1 that constituted a letter to
the editor, 2 based on the recommendation of a statistician, 2 involving pediatric study
population, 2 studies describing obsolete diagnostic procedures, and 194 that were not
closely related to our topic or were repetitive. We divided the articles into four categories.
The first two categories provided general information about RA and CVD and traditional
risk factors, and they served as an introduction, whereas the last two categories were
analyzed for the effects of chronic inflammation mechanisms in RA (52 articles) and the
effects of medications used in RA (62 articles) on the CV system.

3.2. Analysis Results

We analyzed 52 articles for the effect of RA and 62 for the effect of medications on the
CV system. Article characteristics are presented in Table S1.

3.2.1. Chronic Inflammation

RA arises from the interplay between genetic susceptibility and environmental trig-
gers. The most important genetic risk is the presence of the DRB1*04:01 gene, a shared
epitope that induces the binding of post-translationally modified (citrullinated) proteins,
and the PTPN22 gene, which increases citrullination [38]. The major environmental risk
factors include tobacco smoking, being of female sex, being of advanced age, and certain
foods [38-40]. Autoimmune processes include the recognition of synovial tissue self-
antigens, such as type II collagen, proteoglycans, and cartilage protein gp39 [41-43].
First, the joint intimal lining expands, causing synoviocyte activation and proliferation;
they then begin to secrete pro-inflammatory cytokines, such as tumor necrosis factor
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(TNF), interleukin-1 (IL-1), interleukin-6 (IL-6), metalloproteinases, prostaglandins, and
leukotrienes. Synovial invasion into the adjacent articular structures damages the cartilage
and bone, manifesting as joint swelling. Second, synovial layer proliferation contributes
to the activation of neutrophils and T- and B-lymphocytes, which infiltrate the joints and
secrete cytokines and proteinases that further damage the extracellular matrix. Effector
CD4+ T cells play a crucial role in disease progression and are characterized by an im-
balance between Th1/Th17 and regulatory T cells [44,45]. Atherosclerosis and synovial
inflammation in RA share a common pathway, and sustained synovial secretion of inflam-
matory mediators elicits chronic low-grade activation and dysfunction of the vascular
endothelium, thereby expediting the development of atherosclerosis in RA [46].

Withinitial crude search of medical
databased by kevwords we found =500,000
articlesrelated to our topic.

¥

By narrowing search parameters using
careful selected kevwords combinationand
induding/excduding artice types we
selected 375 articles for further analysesby

authors and statisticians.

¥

Bv reading abstracts (and full textif
neaded) we exduded artides: if full text
was not available, case reports, pilot
projects, studies and reviewswith

questonable methodology or reliability,
underpowerad studies, studies with
population under 18 years, and studiesnot
directly related to investigation topic.

¥

We also excluded 3 articles due to
language, they were not written in English
or German.

Total of 145 full text articles
were submitted to analyses.

=

We accepted in review two case reports
and one expert opinion do to relevance of
analvzed topic.

Figure 1. Article selection process for review—schematics.
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Citrullinated synovial proteins induce the production of RA-specific autoantibodies
(anti-CCP) [47,48], which can increase the risk of ischemic heart disease (6.5% vs. 2.6%,
odds ratio [OR]: 2.58, 95% confidence interval [CI]: 1.17-5.65) [49]. Anti-CCP antibodies
are associated with early subclinical atherosclerosis and promote atherosclerotic plaque
formation by targeting citrullinated sarcomeric proteins, fibrinogen, and vimentin [50-52].
Several studies addressing anti-CCP positivity reported that it is associated with higher
total mortality and an increase in fatal CV outcomes but not with heart failure or recurrent
ischemia [52-55]; however, large studies did not confirm this finding [56,57]. Other anti-
bodies are also possibly associated with CVD risk, such as antibodies against carbamylated
proteins (anti-CarP) and malondialdehyde-acetaldehyde adducts [53]. The combination of
genetic and environmental triggers also leads to constant activation and clonal expansion
of specific CD4 + CD28 null T cell subsets, and especially the loss of CD28, a co-stimulatory
molecule required for normal T cell activation, which correlates with seropositivity and
extra-articular RA manifestations [58]. The possible direct cytotoxic effects of these cells
on endothelial cells, along with their induced dysfunction, can cause early atherosclerosis
and its complications [59-61]. This strongly stimulates the activity and recruitment of
macrophages and T cells to the plaque, contributing to reactive oxygen species production,
inhibiting collagen production, stimulating matrix metalloproteinases, and inducing tissue
factor expression that is an independent predictor of future acute coronary events in pa-
tients with RA (OR: 3.01, 95% CI: 1.1-8.25, p = 0.023) [62,63]. The activated endothelium
promotes the binding of neutrophils, monocytes, and platelets, which is further potentiated
with neutrophils, IL-8, and monocyte CCL2 chemokines. Adherent neutrophils and mono-
cytes promote further activation of the vascular endothelium with PAR-1. Neutrophils
exposed to activated platelets form intravascular neutrophil extracellular traps, which by
the expression of endothelium-activating proteases, histones, and tissue factors, promotes
the creation of intravascular pro-inflammatory and prothrombotic milieus [14].

C-reactive protein (CRP) and fibrinogen are less likely to be causally associated
with atherogenesis according to newer studies; however, pro-inflammatory cytokines,
interleukin-6 (IL-6), interleukin-18 (IL-18), and tumor necrosis factor-a (TNF-«) could be
directly etiologically associated with atherogenesis through the regulation of inflammatory
cascades [64,65]. One prospective study, and a meta-analysis of 29 studies investigating
six pro-inflammatory cytokines (IL-6, IL-18, matrix metalloproteinase-9 [MMP-9], soluble
CD40 ligand [sCD40L], and TNF-«) in coronary heart disease, concluded that higher base-
line levels of IL-6, IL-18, and TNF-o were associated with a 10-25% higher risk of non-fatal
myocardial infarction and CV death [66].

Chronic inflammation also has pro-coagulant and pro-oxidant effects mediated us-
ing several mechanisms, including increased expression of adhesion molecules for tissue
factors, reduced synthesis of nitrogen oxide and thrombomodulin, and induction of nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidases, causing further endothelium
dysfunction [67,68]. Significantly increased levels of tissue factors, fibrinogen, von Wille-
brand factor, factor (F) VIII, activated FXIla, and markers of thrombin synthesis have
been observed in patients with RA with high inflammatory activity [67,69]. Activated
platelets are a crucial element in the development of acute CV syndromes, as well as in
atherosclerotic plaque formation, and elevated platelet counts could serve to assess RA
activity [70,71]. Collectively, these mechanisms shift the hemostatic balance towards a
prothrombotic state in RA [52]. CV risk estimation in the general population is based on
different risk scores that underestimate CV risk in patients with RA. This phenomenon
is believed to be primarily driven by chronic inflammation, and it has been observed in
various studies, such as the HOOM and CARRE studies, thereby affecting risk assessment
models such as the Framingham score or SCORE system [72].

IL-6 and TNF-« are independently associated with a higher coronary calcium score and
increased CV risk [52,73,74]. Cytokine influence begins very early in RA, mostly affecting
the carotid and coronary arteries, and it is associated with a significant proportion of acute
CV events [46]. High-grade inflammation is associated with increased CV morbidity and
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mortality, with the CRP level and erythrocyte sedimentation rate (ESR) being independent
markers [57,75-77]. The use of CRP, or highly sensitive CRP, as a predictor of CV risk in
modified CV risk calculators has not been adopted in standard cardiology practice [78].

Endothelial dysfunction and signs of atherosclerosis present very early in RA and is
the result of complex interactions among modifiable CV risk factors, genetic predisposition,
chronic inflammation, pro-oxidative stress, prothrombotic status, and metabolic abnor-
malities (insulin resistance and dyslipidemia) [78-81]. According to Gonzalez-Gay et al.,
endothelial dysfunction is worsened by long-standing RA of >20 years compared with RA
of <7 years; however, the success of inflammation control has not been investigated [81].
Recently, critical limb ischemia was reported in a 27-year-old man with psoriasis who
presented without any CV risk factors [82]. Endothelial dysfunction in RA can be assessed
measuring circulating soluble adhesive molecules, such as E-selectin, P-selectin, intracellu-
lar adhesion molecule-1 (ICAM-1), vascular cell type 1 adhesion molecule (VCAM-1), and
flow-mediated arterial dilatation, all of which are suggested for use in CV risk assessment;
these methodologies are supported by a meta-analysis involving 20 studies including
852 patients with RA [83].

Duplex atherosclerosis screening is a widely used method for the detection of atheroscle-
rotic plaques that are predictive of CV disease [83]. Assessing CV burden in RA by measuring
carotid intima—media thickness is no longer recommended [17,27]; however, detection of
carotid plaque formation has a predictive value, with a pronounced effect in early RA
and among male patients with a higher inflammatory burden [17,84]. Flow-mediated
dilatation, augmentation index, pulse wave velocity, coronary artery calcification score
(CACQ), SPECT/CT, PET/CT, and PET/MRI are also used to assess atherosclerotic burden;
however, non-imaging methods have many limitations and confounding factors [36]. CAC,
a measure of coronary artery calcification and subclinical atherosclerosis, is closely related
to the degree of atherosclerotic plaque burden and is a strong predictor of CV events [36,85].
Coronary artery calcification was independently associated with older age and hyperten-
sion, whereas abdominal aorta calcification was independently associated with older age
and erosive arthritis [85].

3.2.2. Influence of Medications
NSAIDs

Non-steroidal anti-inflammatory drugs (NSAIDs) and cyclooxygenase-2 inhibitors
(COX2 inhibitors) have good anti-inflammatory and analgesic effects, but they increase
the risk of acute CV diseases, particularly stroke and myocardial infarction; this occurs
particularly with diclofenac and rofecoxib [32,86-92]. Other adverse effects, such as an
increased risk of atrial fibrillation and heart failure, can induce or aggravate arterial hy-
pertension, acute or chronic kidney damage, and gastrointestinal complications, especially
in older patients with multiple comorbidities [90-94]. Inhibition of different isoenzymes
of cyclooxygenase (COX) and a decrease in prostaglandins at inflammatory sites increase
thromboxane A2 (COX-1) and decrease prostaglandin 12 (COX-2) production, which may
lead to vasoconstriction, platelet activation, hypertension, accelerated atherosclerosis, renal
sodium retention with peripheral edema and heart failure, and increased CV morbidity
and mortality [88,92,94-96]. The Vioxx Gastrointestinal Outcomes Research (VIGOR) and
the Adenomatous Polyp Prevention on Vioxx (APPROVe) trials led to rofecoxib withdrawal
due to the high risk of thrombotic events. This was supported by a meta-analysis involving
28 RA studies that reported an 18% increased risk of all CV events (RR, 1.18; 95% CI 1.01
to 1.38; p = 0.04) and strokes with a greater effect with COX-2 inhibitors (RR, 1.36; 95% CI
1.10 to 1.67; p = 0.004) than that with nonselective NSAIDs (RR, 1.08; 95% CI 0.94 to 1.24;
p =0.28) [88,89,91]. An analysis of 19 studies including patients with RA and osteoarthritis
revealed a significantly increased risk of CV events with diclofenac and rofecoxib and a
non-significant increased risk with celecoxib [97]. NSAIDs should be prescribed at the
lowest effective doses and for the shortest possible duration [72,91,93]. Gastric prophylaxis
is also recommended, especially if NSAIDs are combined with glucocorticoids, in older
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adults and in patients with a moderate to high risk of peptic ulcer disease [93]. The use
of acetylsalicylic acid for the primary prevention of CV disease in patients with RA is not
recommended [17,78].

Glucocorticoids

Glucocorticoids have potent anti-inflammatory and immunosuppressive effects and
are widely used in RA treatment. The addition of low-dose glucocorticoids (below
7.5 mg/daily prednisone) to disease-modifying antirheumatics (DMARD:s) in early RA
slows the radiological progression of bone destruction [92,98]. Long-term use of gluco-
corticoids at high and low doses significantly increases CV risk, with an unfavorable
impact on lipid metabolism, obesity, insulin production, insulin resistance, and blood
pressure [22,36,99]. Numerous studies have found an increased incidence of all-cause
and CV mortality, hypertension, hyperglycemia, diabetes, osteoporosis, and myocardial
infarction with dose- and time-dependent glucocorticoid usage [22,88,92,100]. According to
current guidelines, glucocorticoids should be used at the lowest possible dose, continuation
should be regularly reassessed, and remission withdrawal should be considered [101,102].

Classical DMARDs

DMARDs, especially methotrexate (MTX), sulfasalazine, and hydroxychloroquine,
have beneficial effects on CV risk [36,83,100,103-105]. MTX is an antifolate immunosuppres-
sive drug that inhibits neutrophil chemotaxis and synthesis of pro-inflammatory cytokines,
as well as exerts antiatherogenic and cardioprotective effects [102,105]. MTX was associated
with a 21% lower overall risk of CV events (95% CI 0.73-0.87, p < 0.001) and an 18% lower
risk of myocardial infarction (95% CI: 0.71-0.96, p = 0.01) [103]. A study on CAC, using
computed tomography, reported a lower coronary calcification burden with MTX use in
patients with RA [85]. Another meta-analysis including 28 studies reported an overall
21% CV risk reduction with MTX (RR, 0.72; 95% CI 0.57 to 0.91; p = 0.007) as well as an
18% risk reduction in myocardial infarction—a trend towards a decreasing risk of heart
failure, whereas it revealed no effect on strokes and major adverse cardiac events [88]. An
older meta-analysis including 18 studies also reported a similar reduced risk of CV events
in patients with RA treated with MTX [106,107]. Several studies have reported that MTX
increases total cholesterol, LDL, HDL, and triglyceride levels in RA, with a possible expla-
nation suggesting that it reflects the normalization of lipid levels due to the suppression of
inflammation, without increasing CV risk [74]. Hydroxychloroquine exerts antirheumatic
effects by targeting autoantigen processing in macrophages, suppressing T-lymphocytes,
and neutralizing the prothrombotic effects of antiphospholipid antibodies [91,104]. Hydrox-
ychloroquine improves lipid and glycemic indices and reduces the risk of thromboembolic
events and CV risk [72,91,104,108,109]. Several reports have asserted the consideration of
hydroxychloroquine cardiotoxicity (restrictive cardiomyopathy and conduction disorders).
However, in those cases, patients had prolonged use of large cumulative doses; notably,
the use of hydroxychloroquine is considered safe at therapeutic doses with periodic ECG
monitoring [104]. Combination therapy with MTX, sulfasalazine, and hydroxychloroquine
also decreases CV risk by improving the reduction in inflammation, increase in HDL, and
decrease in LDL and by enhancing the ratio of total cholesterol to HDL. Notably, this
combination therapy has shown superiority over MTX monotherapy or a combination
of MTX and etanercept; however, the study only included patients with early RA with
high disease activity who were naive to DMARDs [110]. Azathioprine, cyclosporine, and
leflunomide increase the risk of CV events by 80% that of MTX monotherapy [111,112].
Leflunomide has potent anti-inflammatory and immunomodulatory effects; however, it
increases the risk of hypertension, which has been reported in 2.1-10.6% of cases in dif-
ferent studies [91,113]. Cyclosporine is used for the treatment of severe early RA and
has many adverse effects; careful monitoring is advised when using cyclosporine [91,113].
Azathioprine is a purine analog with rare adverse effects, which include angina, renal and
subclavian vein thrombosis, hypotension, and cardiogenic shock [91,113].
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Biologic Agents

Biologics target inflammatory cytokines (TNF-oc and IL-6) and cytokine receptors,
interrupting the vicious cycle of inflammation, and are recommended even in early RA with
low-severity inflammatory arthritis [91,112]. By suppressing inflammation and maintaining
low disease activity, they significantly reduce the risk of CV and incidence of myocardial
infarction, heart failure, and cerebrovascular events in patients with RA [91,113-117]. Anti-
TNF agents neutralize soluble- and/or membrane-bound TNF and act as monoclonal
antibodies or soluble receptors [91]. In addition to the anti-inflammatory effect of anti-TNF-
« therapy, and the consequential improvement in joint function, they may indirectly lead
to increased levels of physical activity, which will subsequently decrease the incidence of
other CV risk factors, such as diabetes mellitus and hypertension [114]. Karpouzas et al.
reported slower non-calcified coronary plaque progression with longer usage of biologics,
independent of inflammation, prednisone dose, and statin use [118].

A recently published meta-analysis, including 26 longitudinal studies addressing the
question of anti-TNF therapy’s effect on body mass index (BMI), found a small increase in
body weight and BMI—on average 0.90 kg, 2.34 kg, and 2.27 kg for infliximab, etanercept,
and adalimumab, respectively, at 4 and 104 weeks of follow-up [119]. The ATTACH study
reported that anti-TNF therapy increased mortality or worsened heart failure in patients
with moderate to severe chronic heart failure, especially those with an ischemic etiology, but
the RENAISSANCE and RECOVER clinical trials did not confirm this for etanercept [120].
A possible reduction in insulin resistance with anti-TNF therapy was reported in a meta-
analysis of 12 studies [121]. A meta-analysis of studies considering the impact of biologics
(tocilizumab, abatacept, rituximab, and TNF inhibitors) on CV risk and safety reported
fewer CV events with rituximab [122]. A large meta-analysis, which included 43 biological
registers and 27 publications, addressed the issue of biologics’ safety and effect on mortality.
It reported that overall mortality and CV events were significantly reduced in patients
treated with anti-TNFs with relative risk (RR) = 0.60 [95% CI 0.38-0.94] and RR = 0.62
[95% CI 0.44-0.88], respectively, with no effect on the risk of neoplasm but a significant
increase in infections during anti-TNF treatment (RR = 1.48 [1.18-1.85]) compared to those
who were treated with classical DMARDs [123]. Another meta-analysis including 28 studies
of patients with RA reported that anti-TNF treatment was significantly associated with an
overall CV risk reduction of approximately 30% [88]. Cheung et al. analyzed the effect
of anti-TNF therapy on subclinical atherosclerosis, and six studies measured at least one
parameter before and after treatment (24th and 52nd weeks), which included intima—-media
thickness, pulse wave velocity, and an augmentation index; they observed that anti-TNF
therapy had no effect on all three parameters at the 24th week and on intima-media
thickness at the 52nd week [124]. An older meta-analysis including 32 studies by Daien
et al. demonstrated increased total cholesterol and HDL levels and unchanged LDL levels
with long-term anti-TNF therapy, with uncertain effects on CV risk [125]; however, the
total cholesterol/HDL ratio was not significantly altered with anti-TNF therapy [74]. A
meta-analysis by Zhao et al. reported an increased incidence of hypertension associated
with some anti-TNF therapies (OR = 1.8896, 95% CI: 1.35-2.65), as well as an increased
incidence of hypertension with longer therapy durations, associated with certolizumab
but not with etanercept, tofacitinib, infliximab, and golimumab [126]. Results from a new
Korean observational study revealed no increase in the incidence of hypertension with
biologics than that with classical DMARDs, in general [127]. A neutral effect of anti-TNF
agents on HA incidence was reported by Desai et al. from a large cohort study [128].

The effect of non-anti-TNF agents—abatacept, tocilizumab, sarilumab, anakinra, and
rituximab—on CV risk has also been evaluated; abatacept was found to have a 20% greater
CV risk reduction than that of anti-TNF agents; tocilizumab had the same effect on CV
risk as MTX monotherapy; anakinra showed improved vascular and left ventricular func-
tion in a small placebo-controlled study; sarilumab and rituximab had a neutral effect
on CV events; and canakinumab, an IL-1 inhibitor administered at 150 mg for every
3 months had a significantly lower rate of myocardial infarction compared with that of
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the placebo [76,129-134]. Several studies have consistently reported that tocilizumab was
associated with increased total cholesterol, HDL, LDL, and triglyceride levels, [74,91]. But
the MEASURE study demonstrated that the concentration of proatherogenic small and
dense LDL particles was not increased [135]. No studies have reported an increase in CV
events with tocilizumab [91].

Small Molecule Inhibitors of Janus Kinase

Tofacitinib and baricitinib, newer small-molecule inhibitors of janus kinase (JAK),
increase total and LDL cholesterol levels by 10-20% [136]. Increased dose-dependent LDL
and HDL levels were reported with baricitinib use; the mean change was 13.15mg/dL
(95% CI: 8.89-17.42) and 5.40 mg/dL (95% CI: 3.07-7.74), respectively [130]. A recently
published pooled cohort study of 3492 patients with RA, with more than 7860 patient-
years of exposure to baricitinib, did not reveal a significant association between baricitinib
treatment and the occurrence of CV events or congestive heart failure [137]. A meta-analysis
including 20 studies investigated the influence of biologic agents and tofacitinib on the
lipid profile of patients with RA and revealed increased cholesterol (OR 4.64; 95% CI 2.71,
7.95, p < 0.001), HDL (OR 2.25; 95% CI 1.14, 4.44, p = 0.020), and LDL (OR 4.80; 95% CI
3.27,7.05, p < 0.001) levels; however, despite this effect on lipid levels, better inflammation
control with those medications appears to result in lower mortality and reduced incidence
of CV events [138].

With the exception of the ENTRACTE trial, which compared tocilizumab and etan-
ercept, no head-to-head study has been conducted on the impact of biological agents on
CV risk and safety. The ENTRACTE trial reported no significant difference in CV events
between the tocilizumab and etanercept groups [85]. Observational studies have reported
a higher incidence of myocardial infarction among older patients with anti-TNF inhibitors
than with abatacept and tocilizumab, and no difference in CV risk was observed when
comparing tocilizumab with abatacept [76,139].

Statins

The risk of RA may be lower in patients with a longer duration or high intensity of
statin use [139]. Treatment with statins is beneficial in lowering CV risk in patients with
RA due to their lipid-lowering and other pleiotropic effects that slow down coronary non-
calcified plaque progression and suppress the effects of inflammation on plaque progression
and CAC [78,118,140-143].

4. Discussion
4.1. Chronic Inflammation

RA has a complex etiology that involves a combination of genetic susceptibility and
environmental triggers. The most prominent genetic risk is the presence of the human
leukocyte antigen DRB1*04:01 gene, which encodes a shared epitope—a 5-amino acid
sequence—inducing the binding of post-translationally modified (citrullinated) proteins.
Another genetic risk factor is PTPN22, which increases citrullination [38]. The major envi-
ronmental risk factors include tobacco smoking, being of female sex, being of advanced age,
and certain foods [38-40]. Autoimmune processes include the recognition of synovial tissue
self-antigens, such as type II collagen, proteoglycans, and cartilage protein gp39 [41-43].
The activation and combination of these two major mechanisms are crucial for joint destruc-
tion and bone erosion in RA. Initially, the joint’s intimal lining expands, causing synoviocyte
activation and proliferation. These cells start releasing pro-inflammatory cytokines (such
as TNF-«, IL-1, and IL-6), metalloproteinases, prostaglandins, and leukotrienes. Synovial
invasion into the adjacent articular structures damages the cartilage and bone, manifesting
as joint swelling. Subsequently, synovial layer proliferation contributes to the activation
of neutrophils and T- and B-lymphocytes, leading to their infiltration into the joints. This
infiltration results in the secretion of cytokines and proteinases that further damage the
extracellular matrix. Effector CD4+ T cells play a crucial role in disease progression and are
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characterized by an imbalance between Th1/Th17 and regulatory T cells [44,45]. As the
pathogenic processes of atherosclerosis and synovial inflammation in RA share a common
pathway, the understanding of these processes represents a cornerstone of CV risk manage-
ment in patients with RA. Sustained synovial secretion of inflammatory mediators leads to
chronic low-grade activation and dysfunction of the vascular endothelium, promoting the
accelerated development of atherosclerosis in RA [46].

Citrullinated synovial proteins induce the production of anti-CCP autoantibodies,
largely linked to RA. These antibodies are associated with more severe forms of RA [47,48]
and have been extensively studied in the context of CV. According to Lépez-Longo et al.,
anti-CCP antibody titer levels > 25 units/mL carry a higher risk of ischemic heart disease
(6.5 vs. 2.6%, OR: 2.58, 95% CI: 1.17-5.65) without affecting mortality [49]. Previous studies
clarified the association of citrullinated proteins and anti-CCP antibodies with early sub-
clinical atherosclerosis and atherosclerotic plaque promotion. This association involves
the interaction of anti-CCP antibodies with citrullinated fibrinogen in plaques, inducing
inflammation and contributing to heart failure. Additionally, anti-CCP antibodies targeting
citrullinated sarcomeric proteins, namely fibrinogen and vimentin, can lead to heart issues
independently of coronary artery disease [50-52]. However, these studies had important
limitations, such as the inability to demonstrate a direct anti-CCP complex in plaque [50]
and many false-positive fluorodeoxyglucose uptake results [51]. Several studies address-
ing anti-CCP positivity reported that it was associated with higher total mortality and
increased fatal CV outcomes but not with heart failure or recurrent ischemia [52-55]; study
limitations are listed in Table S1. Conversely, other large studies did not find a significant
association between anti-CCP and rheumatoid factor positivity and CV morbidity and
mortality, [56,57], which we consider to have greater relevance. Moreover, other antibodies
present in RA are possibly associated with CVD risk, including antibodies against anti-CarP
and malondialdehyde-acetaldehyde adducts [53]. Genetic susceptibility and environmen-
tal triggers also lead to constant activation and clonal expansion of specific CD4 + CD28
null T cell subsets, which play a crucial role in the pathogenesis of RA. The loss of CD28, a
co-stimulatory molecule required for normal T cell activation, correlates with seropositivity
and extra-articular RA manifestations [58]. Increased expression of perforin and killer
cell immunoglobulin-like receptors in these cells, with potential direct cytotoxic effects on
endothelial cells and their dysfunction, can cause early atherosclerosis, plaque rupture, and
thrombosis [59-61]. This expression strongly stimulates the activity and recruitment of
macrophages and T cells to the plaque, contributing to reactive oxygen species production,
inhibiting collagen production, stimulating matrix metalloproteinases, and inducing tissue
factor expression [62]. According to Liuzzo et al. [63], the level of CD4 + CD28 null T-cells
in patients” blood was an independent predictor of future acute coronary events in patients
with RA (OR: 3.01, 95% CI: 1.1-8.25, p = 0.023). The activated endothelium promotes the
binding of neutrophils, monocytes, and platelets, which is further potentiated by neu-
trophils, IL-8, and monocyte CCL2 chemokines. Adherent neutrophils and monocytes
promote further activation of the vascular endothelium with PAR-1, creating a vicious cycle
that leads to endothelial dysfunction. Neutrophils exposed to activated platelets form in-
travascular neutrophil extracellular traps, which—by expression of endothelium-activating
proteases, histones, and tissue factors—promote the development of intravascular pro-
inflammatory and pro-thrombotic milieus [14]. This finding is substantiated by numerous
published studies and reviews.

Many studies have focused on the role of inflammatory cytokines in atherogenesis
and CV disease development, as well as their use for risk stratification. Newer studies
reported that CRP and fibrinogen are less likely to be causally associated with atherogenesis,
but pro-inflammatory cytokines (IL-6, IL-18, and TNF-o) could be directly etiologically
associated with atherogenesis by regulation of inflammatory cascades [64,65]. In a prospec-
tive study with 1514 participants and a meta-analysis of 29 studies with approximately
17,000 participants, Kaptoge et al. [66] studied the roles of five pro-inflammatory cytokines,
IL-6 and IL-18, MMP-9, sCD40L, and TNF-« in coronary heart disease and concluded that
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higher baseline levels of IL-6, IL-18, and TNF-o were associated with a 10-25% higher risk
of non-fatal myocardial infarction and CV death, whereas sCD40L and MMP-9 did not
show any such association.

Chronic inflammation also has pro-coagulant effects mediated by several mechanisms,
including increased expression of adhesion molecules for tissue factors, reduced synthesis
of nitrogen oxide and thrombomodulin, and increased pro-coagulant properties of the
endothelium [67]. Endothelial dysfunction is further mediated by the induction of NADPH
oxidases and dysfunction of antioxidant systems [68]. Significantly increased levels of tis-
sue factors, fibrinogen, von Willebrand factor, factor (F) VIII, activated FXIIa, and markers
of thrombin synthesis have been observed in patients with RA with high inflammatory
activity [67,69]. Platelets activated by cytokine-sensitized endothelial neutrophils or mono-
cytes or by anti-CCP antibody exposure are key elements in the development of acute CV
syndromes and in atherosclerotic plaque formation, recruiting leukocytes to the sites of
endothelial damage and inflammation, activating complement and other inflammatory re-
ceptors, and releasing cytokines and chemokines [70]. Together, these mechanisms shift the
hemostatic balance to a prothrombotic state in RA [52]. A meta-analysis by Zhou et al. [71].
confirmed that platelet counts are elevated in patients with RA and could serve to assess
disease activity. CV risk estimation in the general population is based on different risks that
underestimate the CV risk in patients with RA. It is hypothesized that chronic inflammation
is the key determinant contributing to these underestimations. This is further supported by
studies like the HOOM and CARRE studies, which are in line with the Framingham score
or SCORE system, as suggested by several studies [72]. Nonetheless, these studies have
limitations in terms of the methods used to estimate CV risk.

IL-6 and TNF-« are independently associated with a higher coronary calcium score
and increased CV risk, favoring the hypothesis that RA-related increased CV risk is as-
sociated with higher levels of inflammatory cytokines and their deleterious effects on
endothelial cells [52,73,74]. This finding is supported by several published studies. The
effect manifests at a very early stage in RA, mostly targeting the carotid and coronary
arteries, and is associated with a significant proportion of acute CV events [46]. High-grade
inflammation associated with increased CV morbidity and mortality, with CRP levels and
ESR as independent markers, was reported in a population-based study spanning a 20-year
follow-up period, which is in concordance with several earlier research findings [57,75-77].
The use of CRP, or highly sensitive CRP, as a predictor of CV risk in modified CV risk
calculators was not adopted in standard cardiology practice [78].

Endothelial dysfunction in RA is the result of complex interactions among modifiable
CV risk factors, genetic predisposition, chronic inflammation, pro-oxidative stress, pro-
thrombotic status, and metabolic abnormalities (insulin resistance and dyslipidemia) [78,79].
It is present in a very early stage of RA, even before or within one year of the clinical on-
set of RA—as well as in arterial wall atherosclerosis—with an increased risk of coronary
heart disease and myocardial infarction [80,81]. According to Gonzalez-Gay et al. [81],
endothelial dysfunction is worsened by long-standing RA of >20 years compared with RA
of <7 years; however, the success of inflammation control was not investigated. A recently
described case of critical limb ischemia in a 27-year-old man with an 8-year history of
psoriasis (a chronic inflammatory disease similar to RA), and without any CV risk factors,
points to inflammation as the main cause of endothelial dysfunction and vascular damage,
regardless of the presence of traditional or inherited CV risk factors. However, notably, this
is a single case, and the outcomes of inflammation management and articular involvement
were not described [82]. Endothelial dysfunction in RA can be assessed by measuring
circulating soluble adhesive molecules such as E-selectin, P-selectin, ICAM-1, VCAM-1,
and flow-mediated arterial dilatation, all of which are suggested for use in CV risk assess-
ment; this observation is supported by a meta-analysis of 20 studies including 852 patients
with RA [83].

Duplex atherosclerosis screening is mostly used for detecting atherosclerotic plaques
that are predictive of CV disease [83]. Although carotid intima—media thickness measure-
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ments were used in previous investigations to assess CV burden in RA, they are no longer
recommended as per ESC guidelines [17,27]. However, the detection of carotid plaque
formation has a predictive value with a pronounced effect in early-stage RA and in men
with a higher inflammation burden [17,84].

Flow-mediated dilatation, augmentation index, pulse wave velocity, CAC score,
SPECT/CT, PET/CT, and PET/MRI are also used to assess atherosclerotic burden; however,
non-imaging methods have many limitations and confounding factors [36]. The CAC score,
a measure of coronary artery calcification and subclinical atherosclerosis, is closely related
to the degree of atherosclerotic plaque burden and is a strong predictor of CV events [36].
Paccou et al. [85] conducted a comparison between asymptomatic patients with RA and
healthy controls and reported higher prevalence and severity of both coronary artery calci-
fication and abdominal aorta calcification in patients with RA. CAC was independently
associated with older age and hypertension, whereas abdominal aorta calcification was
independently associated with older age and erosive arthritis. However, there are some
reservations concerning this method; for example, non-calcified plaques cannot be detected.
Accelerated atherosclerosis in RA, in addition to epicardial artery disease, can cause mi-
crovascular dysfunction. This dysfunction plays a crucial role in regulating myocardial
perfusion and contributes to the accelerated development of CV disease (Figure 2).

plaque

macrophages
ANAKINRA/CANAKINUMAB IL-1 },CRP,
TNF-a inhibitors TNF-a |
IL6-inhibitors IL-6|

Metothrexate /statin CRP |

ATHEROSLEROSIC PLAQUE PROGRESION

THROMBOCYTES, ARTERY OCCLUSION

Figure 2. Role of proinflammatory cytokines and medication in vascular damage.
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Proinflammatory cytokines interleukin 1 (IL-1), tumour necrosis factor alpha (TNF-c)
and interleukin 6 (IL-6) are interconnected in signalling pathways and they are targets
for drugs that are used to treat rheumatic diseases and have gained interest as potential
drugs for secondary prevention of ASCVD in RA. ASCVD and rheumatoid synovitis both
develop via similar inflammatory mechanisms. The first stage involves endothelial dys-
function, whith inflammatory cells infiltration in the joint capsule and the beginning of
plaque formation in the artery’s sub-intima. The decreased anti-oxidative activity in RA
patients also encourages LDL oxidation and foam cell production.. Methotrexate: Enhances
macrophage cholesterol efflux and prevents foams cell differentiation and activation. Up-
regulates free radical scavenging; improves endothelial function. TNF-« inhibitors: TNF-«
promotes numerous inflammatory responses associated with atherosclerosis, including
induction of vascular adhesion and monocyte/macrophage proliferation. TNF-oc impacts
lipid metabolism by stimulating liver triglyceride production. Atherosclerosis development
and RA inflammation are both slowed down by inhibiting these processes. Tocilizumab
(IL-6): Decreases inflammatory proteins such as serum amyloid A, and restores the anti-
atherogenic function of HDL by increasing HDL cholesterol efflux capacity. Canakinumab
IL-1p: significantly reduced hsC-reactive protein levels from baseline, as compared with
placebo, without reducing the LDL cholesterol level. Statins: decrease LDL cholesterol by
inhibing HMG-CoA and lowering hsCRP.

4.2. Influence of Medications
4.2.1. NSAIDs

NSAIDs and COX2 inhibitors have good anti-inflammatory and analgesic effects; they
can paradoxically increase the risk of acute CV diseases, especially stroke and myocardial
infarction. In particular, NSAIDs such as diclofenac and rofecoxib inhibit prostacyclin syn-
thesis [32,85-92]. This is supported by strong evidence, as in the study by Gargiulo et al. [90].
Other adverse effects include an increased risk of atrial fibrillation and heart failure, in-
duction, or aggravation of arterial hypertension (due to their effect on sodium and water
retention), as well as induction of acute or chronic kidney damage and gastrointestinal
complications—especially in elderly patients with multiple comorbidities [90-94]. Inhibi-
tion of different isoenzymes of COX and a decrease in prostaglandins at the inflammatory
sites increase thromboxane A2 (COX-1) and decrease prostaglandin 12 (COX-2) produc-
tion, which may lead to vasoconstriction, platelet activation, hypertension, accelerated
atherosclerosis, renal sodium retention with peripheral edema, and heart failure [92]. Many
trials and meta-analyses supported those conclusions: COX-2 inhibitors increased the risk
of CV events by 42% [88,94], highly increased the risk of CV-related mortality (adjusted OR
0.54, 95% CI 0.34-0.86) [94], increased the risk of first-time myocardial infarction within
180 days of initiation of NSAIDs [95], and were associated with a higher relative risk of
myocardial infarction with diclofenac and rofecoxib [96]. The VIGOR and APPROVe trials
led to rofecoxib withdrawal due to the high risk of thrombotic events, which was supported
by a meta-analysis of 28 RA studies published by Roubille et al. This study reported an
18% increased risk of all CV events (RR, 1.18; 95% CI 1.01 to 1.38; p = 0.04) and strokes with
a greater effect with COX-2 inhibitors (RR, 1.36; 95% CI 1.10 to 1.67; p = 0.004) than with
nonselective NSAIDs (RR, 1.08; 95% CI 0.94 to 1.24; p = 0.28) [88,91]. The highest increase
in CV events occurred with rofecoxib (RR, 1.58; 95% CI 1.24 to 2.00; p < 0.001), which led
to rofecoxib withdrawal, but other NSAIDs did not show significant effects on the risk of
myocardial infarction, heart failure, or major adverse cardiac events; however, very few
events were included in the analysis and did not provide strong evidence [89]. An analysis
of 19 studies with patients with RA and osteoarthritis reported a significantly increased
risk of CV events with diclofenac and rofecoxib and a non-significant increased risk with
celecoxib. Etoricoxib and rofecoxib significantly increased the risk of hypertension, as
did naproxen for stroke; however, not all NSAIDs were included in the investigation and
analyzed for cardiovascular side effects [89]. NSAIDs should be prescribed at the lowest
effective doses and for the shortest possible duration with caution when prescribing to
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patients with CV disease or in the presence of CV risk factors. They should be avoided in
patients with treatment-resistant hypertension, high CV risk, and severe chronic kidney
disease; naproxen or celecoxib are the preferred choices in these diseases [72,91,93]. For
patients with pre-existing hypertension, who are on renin-angiotensin system blockers,
dose increases or additions of a different drug class should be considered. Gastric prophy-
laxis is also recommended, especially if NSAIDs are combined with glucocorticoids in the
elderly and in patients with a moderate to high risk of peptic ulcer disease [93]. The use
of acetylsalicylic acid for the primary prevention of CV disease in patients with RA is not
recommended [17,78].

4.2.2. Glucocorticoids

Glucocorticoids have potent anti-inflammatory and immunosuppressive effects and
are widely used in RA treatment. The addition of low-dose glucocorticoids (below
7.5 mg/daily prednisone) to DMARD:s in early RA slows the radiological progression
of bone destruction [92,98]. Long-term use of glucocorticoids at high and low doses signifi-
cantly increases CV risk, with an unfavorable impact on lipid metabolism, obesity, insulin
production, insulin resistance, and blood pressure [22,36,99]. Although a meta-analysis of
six randomized controlled trials with 689 patients with RA reported good glucocorticoid
safety profiles, numerous studies have found an increased incidence of all-cause and CV
mortality, hypertension, hyperglycemia, diabetes, osteoporosis, and myocardial infarction
with dose- and time-dependent glucocorticoid usage [22,92,100]. Many registries and
large meta-analyses support the conclusions of the effects of glucocorticoids on CV risk
and mortality, with some dose-dependent effects. These include the Scotland National
Health Service RA database, the General Practice Research Database, and a meta-analysis
of 28 studies by Roubille et al. [88]. An older meta-analysis of 37 studies reported poor
associations between low-dose glucocorticoids (<10 mg/day) and CV risk factors, beneficial
effects on lipid profiles, an increase in insulin resistance or glycemia, and no effect on blood
pressure, with a trend of increasing major CV events, myocardial infarction, stroke, and
mortality [100]. According to current guidelines, glucocorticoids should be used at the low-
est possible dose, continuation should be regularly reassessed, and remission withdrawal
should be considered [101,102].

4.2.3. Classical DMARDs

Considering DMARDSs, a meta-analysis of observational and prospective studies re-
ported on the beneficial effects of MTX, sulfasalazine, and hydroxychloroquine on CV
risk [36,84,100,103-105]. MTX is an antifolate immunosuppressive drug that inhibits neu-
trophil chemotaxis and synthesis of proinflammatory cytokines and exerts antiatherogenic
and cardioprotective effects [102-105]. According to an analysis of 8 prospective studies,
2 retrospective studies, and 694 publications, with 66,334 participants and 6235 events, MTX
was associated with a 21% lower overall risk for CV events (95% CI: 0.73-0.87, p < 0.001)
and an 18% lower risk for myocardial infarction (95% CI: 0.71-0.96, p = 0.01) [103]. A study
on CAC, using computed tomography, reported a lower coronary calcification burden with
MTX use in patients with RA [85]. Another meta-analysis of 28 studies reported an overall
21% CV risk reduction with MTX (RR, 0.72; 95% CI: 0.57-0.91; p = 0.007) as well as an
18% myocardial infarction risk reduction, a trend towards a decreasing risk of heart failure,
and no effect on strokes and major adverse cardiac events—although the last may be due to
the lower number of events resulting in insufficient statistical power to detect a significant
effect [88]. An older meta-analysis of 18 studies also reported a reduced risk of CV events in
patients with RA treated with MTX: a reduction in overall mortality of 41% and 70% in two
studies; a reduction in CV-related morbidity of 89%, 35%, 17%, and 15% in four studies; an
18% risk reduction for myocardial infarction in one study (with a selection bias due to the
exclusion of fatal events); and a trend towards risk reduction in three studies. One study
showed a 20% reduction in the risk of hospitalization with congestive heart failure (signifi-
cant bias), and another study showed an 11% reduction in the risk of stroke and a trend
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towards it [106,107]. Several studies have reported that MTX increases total cholesterol,
LDL, HDL, and triglyceride levels in RA, with a possible explanation that it reflects the
normalization of lipid levels due to the suppression of inflammation, without increasing
CV risk [74]. Hydroxychloroquine has antirheumatic effects by targeting autoantigen pro-
cessing in macrophages, suppressing T-lymphocytes, and neutralizing the prothrombotic
effects of antiphospholipid antibodies [91,104]. Hydroxychloroquine improves lipid and
glycemic indices, reduces the risk of thromboembolic events, enhances the elasticity of
peripheral arteries and systemic vascular resistance, and reduces CV risk [72,91,104,108].
However, considerations of methodology, transparency, and reproducibility that affect the
credibility of the conclusions were asserted in the latter meta-analysis [109]. Several case
reports have asserted the consideration of hydroxychloroquine cardiotoxicity (restrictive
cardiomyopathy and conduction disorders); however, in those cases, patients had pro-
longed use of large cumulative doses. The use of hydroxychloroquine is considered safe at
therapeutic doses with periodic ECG monitoring [104]. Combination therapy with MTX,
sulfasalazine, and hydroxychloroquine also decreases CV risk by improving inflammation
reduction, increasing HDL, lowering LDL, and improving the ratio of total cholesterol to
HDL, as against MTX monotherapy or in combination with etanercept. However, the study
only included patients with early RA with high disease activity and who were naive to
DMARD:s [110]. In contrast, azathioprine, cyclosporine, and leflunomide increased the risk
of CV events by 80% compared to MTX monotherapy [111,112]. Leflunomide has potent
anti-inflammatory and immunomodulatory effects but increases the risk of hypertension,
which has been reported in 2.1-10.6% of cases in different studies [91,113]. Cyclosporine is
used for the treatment of severe early RA and has many adverse effects, including vaso-
constriction, thrombosis, and hypertension; blood pressure and renal function monitoring
are advised when using cyclosporine [91,113]. Azathioprine is a purine analog with rare
adverse effects, which include angina, renal and subclavian vein thrombosis, hypotension,
and cardiogenic shock [91,113].

4.2.4. Biologic Agents

Biologics are used to treat many different autoimmune diseases by targeting inflam-
matory cytokines (TNF-« and IL-6) and cytokine receptors, interrupting the inflammatory
vicious cycle, and are recommended even in early RA with low-severity inflammatory
arthritis [91,112]. By suppressing inflammation and maintaining low disease activity, they
significantly reduce CV risk and the incidences of myocardial infarction, heart failure,
and cerebrovascular events in patients with RA [91,113-116]. Anti-TNF agents neutral-
ize soluble- and/or membrane-bound TNF and act as monoclonal antibodies or soluble
receptors [91].

In a large cohort study of 2757 patients with RA treated with infliximab, etanercept,
or adalimumab, a significant increase in heart failure was reported in patients with high
disease activity and concomitant glucocorticoid or COX inhibitor therapy, while anti-TNF
therapy did not significantly contribute to the risk; only sporadic cases of acute coronary
syndromes, arrhythmias, and AV block for infliximab were reported [115]. In a large,
retrospective study, Solomon et al. reported that anti-TNF-o therapy may be associated
with a reduced CV risk compared with classic DMARD therapy. The incidence rates per
100 person-years for the composite cardiovascular end point for classic DMARD and anti-
TNF therapy were 3.05 (95% ClI, 2.54-3.65) and 2.52 (95% CI, 2.12-2.98), respectively [113].
Jacobsson et al., in a prospective cohort study with 983 participants [116]; Ljung et al., in a
prospective cohort study with 6864 patients with RA [117]; and an earlier meta-analysis
of 20 studies by Westlake et al. reported similar conclusions [106]. In addition to the
anti-inflammatory effect of anti-TNF-a therapy and the consequential improvement of
joint function, they may indirectly lead to increased levels of physical activity, which will
subsequently decrease the incidence of other cardiovascular risk factors, such as diabetes
mellitus and hypertension [114]. Karpouzas et al. reported slower non-calcified coronary
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plaque progression with longer biologics usage independent of inflammation, prednisone
dose, and statin use [118].

A recently published meta-analysis of 26 longitudinal studies addressing anti-TNF
therapy influence on BMI found a small increase in body weight and BMI—which was on
average 0.90 kg, 2.34 kg, and 2.27 kg for infliximab, etanercept, and adalimumab, respec-
tively at 4 and 104 weeks of follow-up [119]. The ATTACH study reported that the use of
anti-TNF therapy increased mortality or worsened heart failure in patients with moderate
to severe chronic heart failure, especially those with an ischemic etiology, but the RENAIS-
SANCE and RECOVER clinical trials did not confirm this for etanercept [120]. A possible
reduction in insulin resistance with anti-TNF therapy was reported in a meta-analysis of
12 studies; however, the heterogeneity of the studies was high [121]. A meta-analysis of
studies considering the impact of biologics (tocilizumab, abatacept, rituximab, and TNF
inhibitors) on CV risk and safety reported fewer CV events with rituximab and neutral
effects of others compared to classic DMARDs, but significant heterogeneity on CV out-
comes was reported [122]. A large meta-analysis, which included 43 biological registers
and 27 publications, addressed the issue of biologics safety and effect on mortality, and it
reported that overall mortality and CV events were significantly reduced in patients treated
with anti-TNFs: RR = 0.60 [95% CI 0.38-0.94] and RR = 0.62 [95% CI 0.44-0.88], respec-
tively, with no effect on neoplasm risk; however, serious infections significantly increased
during anti-TNF treatment (RR = 1.48 [1.18-1.85]) compared to classical DMARD treat-
ment [123]. Another meta-analysis of 28 studies of patients with RA reported that anti-TNF
treatment was significantly associated with an overall CV risk reduction of approximately
30% [88]. Cheung et al. analyzed the effect of anti-TNF therapy on subclinical atherosclero-
sis, and six studies measured at least one parameter before and after treatment (24th and
52nd weeks): intima-media thickness, pulse wave velocity, and augmentation index; they
found that anti-TNF therapy had no effect on all three parameters at the 24th week and on
intima-media thickness at the 52nd week [124]. An older meta-analysis of 32 studies by
Daien et al. reported increased total cholesterol and HDL levels and unchanged LDL levels
with long-term anti-TNF therapy, with uncertain effects on CV risk [125]; however, the
total cholesterol/HDL ratio was not significantly altered by anti-TNF therapy [74]. These
anti-TNF therapeutic effects may reflect the normalization of lipid levels to those prior to
RA due to suppression of inflammation [74,114]. A meta-analysis by Zhao et al., which
included 6321 patients with RA from 11 randomized clinical trials, reported strong evi-
dence of an increased incidence of hypertension associated with some anti-TNF therapies
(OR = 1.8896, 95% CI: 1.35-2.65) as well as an increasing incidence of hypertension with
longer therapy duration, especially for certolizumab but not for etanercept, tofacitinib,
infliximab, and golimumab [126]. Results from a new Korean observational study with
996 patients with RA did not find an increased incidence of HA with biologics compared
with classical DMARDs in general, but MTX had a lower incidence of hypertension, which
could be explained by the hypothesis that MTX restores vasodilation-related adenosine
levels in the body [127]. A neutral effect of anti-TNF agents on HA incidence was reported
by Desai et al. from a large cohort study with 4822 patients using TNF-« inhibitors and
2400 using classical DMARDs [128]. Despite some methodological limitations, these studies
strongly support the increased beneficial effects of anti-TNF agents compared to classi-
cal RA medications, probably due to more efficient inflammation control and successful
achievement of long-term RA remission.

The effect of non-anti-TNF agents—abatacept, tocilizumab, sarilumab, anakinra, and
rituximab—on CV risk has also been evaluated. Abatacept was found to have 20% greater
CV risk reduction than anti-TNF agents; tocilizumab had the same effect on CV risk as MTX
monotherapy; anakinra showed improved vascular and left ventricular function in a small
placebo-controlled study; sarilumab and rituximab had a neutral effect on CV events; and
canakinumab, an IL-1 inhibitor of 150 mg administered every 3 months, was associated with
a significantly lower rate of myocardial infarction than the placebo [76,129-134]. Several
studies have consistently reported that tocilizumab was associated with increased total
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cholesterol, HDL, LDL, and triglyceride levels [74,91]. The MEASURE study found that
tocilizumab + MTX treatment did not increase the concentration of proatherogenic small
and dense LDL particles, while antiatherogenic small and medium HDL particles were
increased and structurally altered to a less inflammatory state than with MTX alone [135].
There have been no reports of an increase in CV events with tocilizumab [91]. These
medications, especially abatacept and anakinra, are also strongly recommended for CVD
prevention in RA.

4.2.5. Small Molecule Inhibitors of JAK

Tofacitinib and baricitinib, newer small-molecule inhibitors of JAK, increase total and
LDL cholesterol levels by 10-20% [136]. For baricitinib, a meta-analysis of six studies
with 3552 patients reported significantly increased dose-dependent LDL and HDL with
baricitinib use; the mean change was 13.15mg/dL (95% CI: 8.89-17.42) and 5.40 mg/dL
(95% CI: 3.07-7.74), respectively. Although the increased relative risk of CV events was not
statistically significant, an association may exist [130]. A recently published pooled cohort
study of 3492 patients with RA, with more than 7860 patient-years of exposure to baricitinib
did not reveal a significant association between baricitinib treatment and the occurrence of
CV events or congestive heart failure [137]. The influence of biologic agents and tofacitinib,
a JAK inhibitor, on the lipid profile of patients with RA was analyzed in a meta-analysis of
20 articles by Soto et al.; they reported increased cholesterol (OR 4.64; CI 95% 2.71, 7.95,
p <0.001), HDL (OR 2.25; 95% CI 1.14, 4.44, p = 0.020), and LDL (OR 4.80; 95% CI 3.27, 7.05,
p < 0.001) levels, but despite this effect, better inflammation control with those medications
appears to result in lower mortality and incidence of cardiovascular events. However, other
biologic or non-biologic agents were not included in the analysis [138].

Other than the ENTRACTE trial, which compared tocilizumab and etanercept, no
head-to-head study has been conducted on the impact of biological agents on CV risk and
safety. The ENTRACTE trial reported no significant difference in CV events between the
tocilizumab and etanercept groups [85]. Some observational studies have reported a higher
incidence of myocardial infarction among older patients with anti-TNF inhibitors than with
abatacept and tocilizumab and no difference in CV risk when comparing tocilizumab with
abatacept [76,139].

4.2.6. Statins role in CVD prevention

The use of statins in the management of CVDs seems to have a neutral effect on
RA development, and the risk of RA may be lower in patients with a longer duration or
greater intensity of statin use [139]. Treatment with statins is beneficial in lowering CV
risk in patients with RA due to their lipid-lowering and other pleiotropic effects that slow
down coronary non-calcified plaque progression and suppress the effects of inflammation
on plaque progression and CAC [77,118,141,142]. A meta-analysis of 11 relevant stud-
ies reported a standardized mean difference in DAS28 of —0.55 (95% CI: —0.83 to —0.26,
p = 0.0002), supporting the positive effect of statins on RA [143]. However, the indiscrimi-
nate use of statins is not recommended in all patients with RA, and CV risk assessment
and appropriate statin use according to the guidelines for primary and secondary CVD
prevention in this population is necessary [17].

4.3. The Role of Inflammatory Markers in RA Activity and CV Risk Assessment

Biomarkers are used in disease diagnosis, treatment, and monitoring of disease pro-
gression and complications. They are also used to determine regression or remission of
the disease. Although they are not always sufficiently sensitive and specific in certain
situations, they still serve as a useful tool for monitoring the disease. Notably, RA activity
reflects CV risk.

CRP is one of the most used markers worldwide and is routinely evaluated as a
marker of systemic inflammation in RA [144]. Due to its limited specificity, CRP is most
often utilized in conjunction with another blood biomarker. A low level of this biomarker
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indicates disease stability and the effectiveness of therapy. When using highly specific
therapy directed against precisely defined inflammatory cytokines, monitoring the serum
levels can facilitate the assessment of the treatment success and disease stability. In the
early stages of inflammation, IL-6 is a key proinflammatory factor that causes a variety of
cells to produce and secrete acute-phase proteins. Infection-related neutrophil generation
and activation, B-cell proliferation and differentiation, immunoglobulin synthesis, and
T-cell proliferation and differentiation are all stimulated by IL-6. The onset of inflammation
and the change from acute to chronic inflammation are both significantly influenced by IL-6
levels [145]. Serum IL-6 levels stand as a reflective biomarker of RA disease activity [146].

TNF- is crucial to understanding the pathogenesis of RA. The expression of serum
TNEF- may make early RA more inflammatory [147]. As a result, it is necessary to test
patients with RA for this cytokine to keep track of disease activity, which may be helpful
for patients who are undergoing anti-TNF therapy. The inflammatory response is further
enhanced by TNF-«, which is a potent inducer of other proinflammatory cytokines and
chemokines [148]. Rheumatoid factors and anti-CCP, which are diagnostic markers of RA,
can be used to track the progression of the disease.

5. Conclusions

In conclusion, to prevent CV disease in patients with RA, two main complementary
strategies were considered. They were strict inflammation control with as few flares as
possible and the management of modifiable risk factors.

Since CV morbidity and mortality in RA are alarmingly high, it is crucial to compre-
hend the mechanisms that cause and control atherosclerosis so that highly specific treatment
plans can be created to reduce the CV health burden that patients with RA bear. The de-
velopment of atherogenic foam cells is aided by proinflammatory cytokines, including
IL-6 and TNF-a. The creation of a proatherogenic environment favors the development of
atherosclerotic diseases because of endothelial dysfunction and RA-derived autoantibodies,
which increase the inflammatory potential of macrophages. Understanding the potential in-
teractions between inflammation and traditional cardiovascular (CV) risk factors in driving
atherosclerosis in rheumatoid arthritis (RA) is a crucial area of investigation that requires
further exploration.

Achieving and maintaining long-term RA remission using novel therapeutic agents
is crucial. Early recognition and strict control of modifiable risk factors based on these
guidelines are paramount. Effective patient education, implementation of these measures,
increased surveillance, early active identification of risk factors by general practitioners
and specialists, an interdisciplinary approach, and accessibility of the health care system
play key roles in achieving these goals.
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Abstract: Chronic lung diseases (CLD), including interstitial lung disease (ILD) and airway diseases
(ADs), are common complications of rheumatoid arthritis (RA). Rheumatoid factor (RF) and anti-
citrullinated peptide antibodies are reported to be associated with CLD in RA patients. The presence
of anti-melanoma differentiation-associated gene 5 (MDAS) antibodies (Abs) is associated with
clinically amyopathic dermatomyositis developing into rapidly progressive ILD. However, few
studies on anti-MDAS5 Abs in RA have been published. Here, we analyzed the association of anti-
MDADS5 Abs with CLD complications in RA. Anti-MDAS5 Abs were quantified in sera from RA patients
with or without CLD. Anti-MDAS5 Ab levels were higher in RA patients with ADs than without
(mean & SDM, 4.4 £ 2.4 vs. 4.0 £ 4.2, p = 0.0001). AUC values of anti-MDA5 Ab and RF ROC
curves were similar in RA patients with or without CLD (0.578, 95%CI 0.530-0.627 and 0.579, 95%CI
0.530-0.627, respectively, p = 0.9411). Multiple logistic regression analysis of anti-MDAS5 Abs and
clinical characteristics yielded an MDA5-index with a higher AUC value than anti-MDAS5 Ab alone
(0.694, 95%C1 0.648-0.740, p = 5.08 x 10_5). Anti-MDAS5 Abs were associated with ADs in RA patients
and could represent a biomarker for CLD, similar to RF. The involvement of anti-MDAS5 Abs in the
pathogenesis of ADs in RA is proposed.
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1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease characterized by the destruction
of synovial joints. Chronic lung diseases (CLD) are frequently present in RA, and include
interstitial lung disease (ILD), airway diseases (ADs) and emphysema. The complication of
ILD or ADs confers a dismal prognosis for RA patients [1-5]. Usual interstitial pneumonia
(UIP) is especially associated with very poor prognosis in RA patients [6]. It is therefore
important to clarify the pathogenesis of ILD and ADs in RA patients.

Krebs von den lungen-6 (KL-6) and surfactant protein-D (SP-D) are biomarkers for
idiopathic pulmonary fibrosis, and also for ILD in RA [7,8]. It has also been reported that
KL-6 and SP-D are increased in ADs and emphysema [9,10]. Rheumatoid factors (RFs) are
antibodies (Abs) against the Fc portion of immunoglobulin G. Anti-citrullinated peptide
antibodies (ACPAs) are Abs against citrullinated peptides generated by posttranslational
modification of arginine residues. RF and ACPA are used as rheumatoid arthritis classifica-
tion criteria [11]. RFs are associated with ILD in RA [12,13]. ACPAs are also associated with
ILD in RA [12,14,15]. The presence of RF is associated with mortality of RA patients [16].
RF and ACPA are considered to be biomarkers for ILD in RA [17].

Anti-melanoma differentiation-associated gene 5 (MDAS5) Abs are directed against
RNA helicase. Their presence is associated with clinically amyopathic dermatomyositis
developing into rapidly progressive ILD with a poor prognosis [18-21]. It has been reported
that anti-MDAS Abs are not present in RA patients [22]. However, few validation studies
on anti-MDAS5 Abs in RA with CLD have been conducted. In the present study, we
investigated the association of anti-MDAS5 Abs with CLD in RA patients.

2. Materials and Methods
2.1. Patients

RA patients (n = 558) were recruited at Himeji Medical Center, Miyakonojo Medi-
cal Center, Nagasaki Medical Center, Nagoya Medical Center, Sagamihara Hospital and
Tokyo Hospital. All patients fulfilled the rheumatoid arthritis classification criteria [11], or
American College of Rheumatology criteria for RA [23]. They were diagnosed as having
UIP, nonspecific interstitial pneumonia (NSIP), ADs, emphysema, or no CLD, based on the
predominant findings of chest computed tomography; the findings of ADs are centrilobular
or peribronchial nodules, branching linear structures, bronchial dilatation, bronchial wall
thickening, or atelectasis [9]. The CLD(+) group includes UIP, NSIP, ADs, and emphysema
and ILD groups include UIP and NSIP patients. Sera were collected from these RA patients
and assessed for anti-MDADJS Abs. This study was reviewed and approved by the Research
Ethics Committees of Tokyo Hospital (190010) and Sagamihara Hospital and the Central In-
stitutional Review Board of the National Hospital Organization. Written informed consent
was obtained from all patients. This study was conducted in accordance with the principles
expressed in the Declaration of Helsinki.

2.2. Detection of Anti-MDAS Abs

Anti-MDA5 Abs were detected using Mesacup anti-MDADJ tests, according to the
manufacturer’s instructions (Medical & Biological Laboratories, Tokyo, Japan, User’s man-
ual, https:/ /www.info.pmda.go.jp/downfiles /ivd /PDF/130249_22700EZX00013000_A_01
_01.pdf, accessed on 20 January 2023). Sera were diluted 1:100 with the dilution buffer of the
kit. An index value was calculated according to the manufacturer’s instructions as follows:
index value = (optical density value of sample—optical density value of blank)/(optical
density value of positive control—optical density value of blank) x 100. The cut-off value
was set to 8.156, based on the 98th percentile among 52 healthy controls (mean age + SDM:
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35.4 4+ 11.1, male number: 2 [3.8%]). RF was also measured with an N-latex RF kit (Siemens
Healthcare Diagnostics, Miinchen, Germany), which measured IgM class RFs; the cut-off
value was 15 U/mL. ACPA IgG was detected with Mesacup-2 test CCP; the cut-off value
was 4.5 U/mL. KL-6 was measured with the Picolumi KL-6 Electrochemiluminescence
immunoassay system (EIDIA Co., Ltd., Tokyo, Japan); the cut-off value was 500 U/mL.
SP-D was measured with SP-D Yamasa EIA II kits (Yamasa Corporation, Choshi, Japan); the
cut-off value was 110 ng/mL. The results of RF, ACPA, KL-6, and SP-D for some of the RA
patients have been reported previously [10]. Steinbrocker stages were classification criteria
of RA progression stages from I to IV and were evaluated as previously described [24].

2.3. Statistical Analysis

The clinical characteristics of the subsets of RA patients were compared with RA
patients without CLD by Mann-Whitney U tests or Fisher’s exact tests. The presence of
Abs was compared in RA patients without CLD by Mann-Whitney U tests or Fisher’s exact
tests. Multiple logistic regression analysis was conducted to create an MDA5-index with
covariates with p adjusted < 0.1 (anti-MDAS Abs, age [years], Steinbrocker stage [1-4], and
smoking status [current smoker: 2, past smoker: 1, never smoker: 0]). ROC curves for
Abs were used to compare RA patients with or without CLD. Area under the curve (AUC)
values for ROC curves with 95% confidence intervals (CI) were calculated and compared
with the AUC value of 0.5 or other ROC curves by Chi-square analysis. The optimized
cut-off levels based on the highest Youden’s index were estimated.

3. Results
3.1. Clinical Manifestations of Patients with RA

The clinical manifestations of the RA patients investigated here are described in
Tables 1 and 2. The mean age, male:female ratio, age at onset, percentage of smokers or past
smokers, KL-6 levels and SP-D levels were higher, and the Steinbrocker stage lower, in RA
patients with ILD than in those without CLD. The mean age, age at onset, KL-6 levels and
SP-D levels were higher in RA patients with ADs. The mean age, male:female ratio, age
at onset, percentage of smokers or past smokers, KL-6 levels and SP-D levels were higher,
and the Steinbrocker stage lower, in RA patients with emphysema.

Table 1. Characteristics and anti-MDAS5 Ab of RA patients.

ILD urp NSIP ADs Emphysema
» r v r r

Number 138 63 75 166 39
Mean age, years (SD) 68.6(9.1) 448 x 1077 70.0(10.0) 246 x 1076 675(8.1) 0.0009 67.9 (10.5) 454 x 1076 66.8(8.2) 0.0301
Male, 11 (%) 37 (26.8) *0.0307 23 (36.5) *0.0014 14 (187) 07239 28 (16.9) *1.0000 24 (61.5) 268 x 108
Age at onset, years (SD) 565 (14.0) 9.64 x 1077 580 (15.7) 266 x 1075 55.2(12.5) 0.0004 54.4(15.5) 587 x 1075 57.4(11.7) 0.0001
i‘;,‘“)b“’“k“ stage Illand IV, 58 (42.6) *0.0060 29 (475) 01473 29(38.7) *0.0046 84(53.2) 03444 13 (33.3) *0.0051
Smoker or past smoker, 7 (%) 56 (43.1) *0.0063 28 (47.5) *0.0072 28 (39.4) *0.1008 55 (37.4) *0.0816 30 (85.7) *137 x 1010
KL-6, U/mL (SD) 8223 (776.2) <1x 10716 904.7 (849.2) 1.04 x 10714 748.6 (703.0) 588 x 10714 3703 (300.5) 0.0002 570.8 (455.3) 423 x 107
SP-D, ng/mL (SD) 1382 (152.2) 282 x 10713 149.6 (105.5) 141 x 10711 127.4 (186.4) 167 x 1077 78.7 (78.3) 0.0072 94.4 (68.4) 6.84 x 1079
(’;’[‘;;'MDAS Ab, index value 14(44) 0.4479 47 (46) 0.1289 42(42) 0.8204 14(2.4) 0.0001 41(1.9) 0.0273
RE U/mL (SD) 4755 (1124.6) 00020 4549 (888.5) 0.0032 4929 (1295.9) 0.0472 208.0 (324.1) 01693 835.1(1947.1) 0.0007
ACPA, U/mL (SD) 339.6 (714.2) 08122 2607 (273.2) 0.8615 403.8 (927.8) 08428 271.0 (346.6) 05776 4331 (393.8) 0.0052

RA: rheumatoid arthritis, ILD: including interstitial lung disease, UIP: usual interstitial pneumonia, NSIP: nonspe-
cific interstitial pneumonia, ADs: airway diseases, CLD: chronic lung disease, MDA5: melanoma differentiation-
associated gene 5, Ab: antibody, RF: rheumatoid factor, ACPA: anti-citrullinated peptide antibody. ILD group
includes UIP and NSIP groups. Data are presented as the mean value or number of each group. Statistical
differences were tested in comparison with the CLD(—) population by Fisher’s exact test using 2 x 2 contingency
tables or the Mann-Whitney U test. * Fisher’s exact test was employed.
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Table 2. Characteristics and anti-MDAS5 Ab in RA patients with or without CLD.

CLD(+) CLD(-)
p

Number 343 215
Mean age, years (SD) 68.1(9.7) 1.36 x 108 62.4 (11.1)
Male, 11 (%) 89 (25.9) *0.0122 36 (16.7)
Age at onset, years (SD) 55.6 (14.5) 135 x 1078 48.6 (13.5)
Steinbrocker stage III and IV, 11 (%) 155 (46.5) *0.0087 125 (58.1)
Smoker or past smoker, n (%) 141 (45.2) *0.0001 57 (28.2)
KL-6, U/mL (SD) 601.6 (619.7) 1.33 x 1015 283.3 (274.3)
SP-D, ng/mL (SD) 109.5 (123.7) 2.09 x 10710 49.9 (39.4)
Anti-MDAS5 Ab, index value (SD) 44 (3.3) 4.0(42)
RE U/mL (SD) 387.2 (1010.0) 0.0018 262.7 (609.5)
ACPA, U/mL (SD) 316.2 (530.1) 0.6626 275.3 (306.2)

RA: rheumatoid arthritis, ILD: interstitial lung disease, UIP: usual interstitial pneumonia, NSIP: nonspecific
interstitial pneumonia, ADs: airway diseases, CLD: chronic lung disease, MDAS5: melanoma differentiation-
associated gene 5, Ab: antibody, RF: rheumatoid factor, ACPA: anti-citrullinated peptide antibody. ILD group
includes UIP and NSIP groups. CLD(+) group includes UIP, NSIP, ADs, and emphysema groups. Data are
presented as the mean value or number of each group. Statistical differences were tested in comparison with the
CLD(—) population by Fisher’s exact test using 2 x 2 contingency tables or the Mann-Whitney U test. * Fisher’s
exact test was employed.

3.2. Presence of Anti-MDAb Abs in RA Patients

Anti-MDAS5 Abs were quantified in the sera of RA patients, with the results shown
in Tables 1 and 2. Anti-MDAS5 Ab levels were significantly associated with ADs (mean +
SDM, 4.4 +2.4vs. 4.0 4.2, p =0.0001), emphysema (4.1 £ 1.9 vs. 4.0 £ 4.2, p = 0.0273) and
CLD (4.4 + 3.3 vs. 4.0 + 4.2, p =0.0018). RF and ACPA were also quantified in RA patient
sera (Table 2). RF levels were associated with ILD (475.5 4+ 1124.6 vs. 262.7 + 609.5 [U/mL],
p = 0.0020), emphysema (835.1 + 1947.1 vs. 262.7 + 609.5 [U/mL], p = 0.0007), and CLD
(387.2 £1010.0 vs. 262.7 £ 609.5 [U/mL], p = 0.0018). ACPA levels were associated with
RA in patients with emphysema (433.1 4 393.8 vs. 275.3 4= 306.2 [U/mL], p = 0.0052).
Assessments of positivity for anti-MDAS5 Abs, RF, and ACPA were also conducted in the
RA patients (Supplementary Table S1). Although similar tendencies were observed, no
significant associations were detected. Anti-MDAS Ab levels in RA were also compared
with those in healthy controls (Supplementary Tables S2 and S3) and were higher than the
controls. Thus, anti-MDADS Ab titers were associated with ADs and CLD in RA but not
with RA in general.

The ROC curve for anti-MDA5 Abs was compared in RA patients with and without
CLD (Figure 1A). The AUC value of the ROC curves for anti-MDAS5 Abs (0.578, 95% CI
0.530—0.627) was similar to RF (p = 0.9411, Figure 1B) but tended to be higher than ACPA
(p = 0.0665, Figure 1C). Thus, anti-MDAS5 Ab values have similar characteristics to RF for
the diagnosis of CLD.

ROC curves for anti-MDAS5 Abs (A), RF (B), ACPA (C) and multiple logistic regression
analysis with anti-MDADJS Abs, age (years), Steinbrocker stage (1-4), and smoking status
(current smoker: 2, past smoker: 1, never smoker: 0) (D) were generated to compare CLD(+)
and CLD(—) RA. The area under the curve (AUC) values of the ROC curves with 95%
confidence intervals and the optimized cut-off levels with specificities and sensitivities are
shown: MDAS5: melanoma differentiation-associated gene 5, Ab: antibody, RF: rheumatoid
factor, ACPA: anti-cyclic citrullinated peptide antibody, ROC: receiver operating character-
istic, AUC: area under the curve, and CLD: chronic lung disease.
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Figure 1. Receiver operating characteristic (ROC) curves using anti-MDAS5 Abs (A), RF (B), ACPA
(C), and multiple logistic regression analysis (D) for comparisons between CLD(+) and CLD(—) RA.

The results of multiple logistic regression analysis of anti-MDAS5 Abs and patients’ clin-
ical characteristics are shown in Table 3. From these data, anti-MDADJ5 Abs, age, Steinbrocker
stage, and smoking status were selected (padjusted < 0.1) to create an MDA5-index defined
as: 0.0636 x (anti-MDADS5 Abs) + 0.0554 x (age) — 0.2037 x (Steinbrocker stage) + 0.4615
X (smoking status) — 3.1211. The ROC curve AUC value was 0.694 (95% CI 0.648-0.740,
p=9.95 x 10717, Figure 1D), which was higher than for anti-MDAS5 Abs (p = 5.08 x 1075)
or RF (p = 0.0010). Thus, multiple logistic regression analysis using anti-MDAS5 Abs and
certain clinical characteristics resulted in the generation of an MDA5-index with the highest
AUC value.

Table 3. Multiple logistic regression analysis of Abs and clinical manifestations for RA with CLD.

Unconditioned Conditioned on the Other Factors

Clinical Manifestations OR 95%CI P OR.gjusted 95%CI Padjusted
Antl-MDAS Ab 1.0309 (0.9782~1.0865) 0.2559 1.0608 (0.9919~1.1345) 0.0851
(index value)

RF(IU/mL) 1.0002 (0.9999~1.0005) 0.1220 1.0002 (0.9999~1.0005) 0.2113
ACPA (U/mL) 1.0002 (0.9998~1.0007) 0.3153 1.0001 (0.9997~1.0006) 0.5674
Age, years 1.0542 (1.0357~1.0730) 4.88 x 107 1.0592 (1.0298~1.0895) 6.24 x 107°
Male 1.7422 (1.1313~2.6831) 0.0117 1.2959 (0.7761~2.1639) 0.3217
Age at onset, years 1.0351 (1.0221~1.0482) 7.95 x 1078 0.9967 (0.9744~1.0195) 0.7758
Steinbrocker stage 0.7899 (0.6843~0.9117) 0.0013 0.8094 (0.6602~0.9924) 0.0420
Smoking status 1.5497 (1.1993~2.0025) 0.0008 1.5308 (1.1642~2.0129) 0.0023

RA: rheumatoid arthritis, CLD: chronic lung diseases, MDA5: melanoma differentiation-associated gene 5, Ab:
antibody, RF: rheumatoid factor, ACPA: anti-citrullinated peptide antibody, OR: Odds ratio, CI: confidence interval.
P, OR, 95%Cl, padjusted, ORadjusted Were calculated by logistic regression analysis on RA patients. Smoking status
of RA patients were 0: never smoker, 1: past smoker, and 2: current smoker.
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4. Discussion

In this study, anti-MDAS5 Abs were found to be associated with ADs in RA patients.
The AUC values of the ROC curves for anti-MDAS5 Abs and RF were similar when com-
paring RA with and without CLD. An MDAS5-index was generated from anti-MDAS5 Abs,
age, Steinbrocker stage, and smoking status with a ROC curve AUC value higher than for
anti-MDAJ5 Abs or RF alone.

An association of RF with ILD has been previously reported in RA [12,13] and was
confirmed in the present study. The association of ACPA with ILD was also reported in
RA [12,14,15], but this was not confirmed here. On the other hand, we found that anti-
MDAGS5 Abs were associated with ADs in RA, leading to the notion that anti-MDAS5 Abs may
be involved in the pathogenesis of ADs. In contrast, anti-MDAS5 Abs, RF and ACPA were
found to be associated with emphysema (but a possible confounding effect of smoking
status could not be excluded). Thus, different specific roles of anti-MDAS5 Abs, RF, and
ACPA in the pathogenesis of CLD in RA patients should be investigated.

It was found that some clinical characteristics were associated with CLD in RA, though
a causal relationship could not be confirmed in this study. These might be confounding
factors. Using multiple logistic regression analyses of anti-MDA5 Abs and the clinical
characteristics, we created an MDAS5-index. This suggested that anti-MDAS Abs could be
used to generate a composite biomarker for CLD in RA. The cut-off level set in this study for
anti-MDAS5 Ab positivity (8.156) was lower than the kit manufacturer’s recommended cut-
off level (32) for clinically amyopathic dermatomyositis developing into rapidly progressive
ILD. Anti-MDAS5 Ab index levels >32 was observed in one RA patient without CLD in the
present study. These data suggest that the characteristics of anti-MDAS5 Abs regarding ADs
in RA patients are different from clinically amyopathic dermatomyositis developing into
rapidly progressive ILD. Thus, anti-MDAS5 Abs could be used as an alternative biomarker
for ADs or CLD in RA. However, results from anti-MDAS5 Abs, RF and ACPA indicated
that they are not better biomarkers for ILD in RA than KL-6 or SP-D.

Anti-MDADJ5 Abs have been detected in RA or idiopathic interstitial pneumonia patients
developing rapidly progressive ILD [25-27]. They might also be detectable in ADs patients
without RA. It was reported that pharmacological Janus kinase inhibition is effective against
rapidly progressive ILD in dermatomyositis patients with anti-MDAS5 Abs [28], suggesting
that these drugs may also be useful for controlling ADs in RA patients. The titer of anti-
MDADS5 Abs was influenced by the treatment for ILD complicated with dermatomyositis [29]
and the results of anti-MDAS Ab levels in this study would be modified by the treatment
for RA or RA disease activities.

To the best of our knowledge, this is the first report on anti-MDAS5 Ab profiles in RA
patents with CLD, describing an association of anti-MDAS5 Abs with ADs. The independent
association of anti-MDAS5 Ab levels with CLD in RA was not confirmed in logistic regression
analysis after adjustment. Because the study sample size was modest, larger-scale studies
on anti-MDAS Abs in RA should be performed to validate these results. The anti-MDAS5
Ab profiles in patients with collagen vascular diseases other than RA or dermatomyositis
should also be analyzed in future studies. The associations of anti-MDAS5 Abs in other
ethnic populations should be analyzed, since this study was performed only in Japanese
populations. Anti-MDAS5 Ab levels in RA should be compared with age-matched healthy
controls, because age-matched controls were not available in this study.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /medicina59020363 /51, Figure S1: Distribution of anti-MDAS5 Abs
in 52 healthy controls. Table S1: The positivity of RF, ACPA, and anti-MDAS5 Ab in the RA patients.
Table S2: The comparison of anti-MDAS5 Ab in the RA patients and controls.
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Abstract: Background and Objectives: To study the risk of spine surgery, including cervical and lumbar
spine surgeries in patients with rheumatoid arthritis (RA) compared with those without a diagnosis of
RA. Materials and Methods: This is a secondary data analysis using population-based health claim data.
We identified newly diagnosed adult patients with RA between January 2000 and December 2012,
according to the International Classification of Diseases, Ninth revision, clinical modification code
714.0 from Taiwan’s National Health Insurance Research Database. Using data frequency-matched
by 10-year age intervals, sex and index year with the RA cohort at a ratio of 5:1, we assembled a
comparison cohort. All patients were followed until the study outcomes occurred (overall spine
surgery, cervical spine surgery, or lumbar spine surgery) or the end of follow-up. Adjusted incidence
rate ratios (aIRR) were calculated using Poisson regression analysis with age group, socioeconomic
status, geographical region, and osteoporosis included as potential confounders. Results: We iden-
tified 1287 patients with RA and 6435 patients without RA. The incidence of overall spine surgery
(aIRR = 2.13, 95% confidence interval (CI) = 1.49-3.04) and lumbar spine surgery (alRR = 2.14,
95% CI = 1.46-3.15) were all significantly higher in the RA cohort. Moreover, females over 45 years of
age were particularly at risk for lumbar spine surgery. In RA patients, older age and the combina-
tion with the diagnosis of osteoporosis had an elevated risk for overall and lumbar spine surgery.
Conclusion: Patients with RA had an increased risk of receiving spine surgery. Physicians should be
vigilant for possible spinal problems in women and older patients with RA.

Keywords: rtheumatoid arthritis; surgery; spine; lumbar vertebrae

1. Introduction

Rheumatoid arthritis (RA) is a common systemic inflammatory autoimmune disease
characterized by painful peripheral joints. The chronic inflammation can lead to joint
destruction that can severely impair physical function in patients with RA. The worldwide
prevalence of RA is 0.5-1.0% with a female-to-male ratio of approximately 2.5:1 [1]. The
most common age of RA occurrence is 40-70 years old, and the incidence of RA increases
with age [2]. The prevalence of RA in Taiwan was around 0.26-0.93% and patients with RA
show a higher mortality rate compared with controls [3,4].

In addition to involving peripheral joints, RA could also affect the spine. Patients
with RA can have some unique cervical spine disorders, including C1-2 instability, basilar
invagination, and subaxial subluxation [5]. However, whether these cervical spine ab-
normalities would cause an increased risk of receiving cervical spine surgery in patients
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with RA is not clear. It should be noted that patients with RA had increased prevalence
of spondylolisthesis and vertebral fracture compared with controls [6]. The increased
rates of spondylolistheses might be attributed to the facet erosion and osteoporosis, and
female patients with RA and those with elevated serum levels of C-reactive protein were
at risk for developing lumbar spondylolisthesis [7,8]. Studies using magnetic resonance
imaging (MRI) showed that lumbar endplate and facet erosion are common in patients
with RA [9]. However, whether these conditions were associated with an elevated risk of
receiving lumbar spine surgeries in patients with RA is still unknown. Therefore, the aim
of this secondary cohort study was to investigate the risk of receiving overall spine surgery,
cervical spine surgery, and lumbar spine surgery in patients with RA compared with those
without RA using data from a nationwide health claim database.

2. Materials and Methods
2.1. Identification of the Rheumatoid Arthritis and Comparison Cohort

This is a secondary data analysis using population-based health claim data. The study
protocol was reviewed and approved by the institutional review board of the Dalin Tzu
Chi Hospital, Buddhist Tzu Chi Medical Foundation, Taiwan (No. B10004021, 21 December
2018). As the NHIRD files contain only deidentified secondary data, the requirement for
obtaining informed consent from individual patients was waived. The source of our data is
the claim data from the Taiwan’s National Health Insurance Research Database (NHIRD).

The selection of patients in the RA cohort and the comparison cohort followed the
protocol of our previous study, with some modifications [10]. Patients with newly diag-
nosed RA classified according to the International Classification of Diseases, ninth revision,
clinical modification (ICD-9-CM) code 714.0 were identified from the 2000-2012 catas-
trophic illness datafile, which is a subset of the NHIRD. In Taiwan, to receive a waiver for
medical co-payment, patients with RA can apply for a catastrophic illness certificate from
the National Health Insurance Administration. The certification is issued to patients after
their medical records, laboratory data, and imaging findings have been reviewed by at
least two rheumatologists based on the American Rheumatism Association 1987 revised
criteria [11]. In this study, the date of the application of the catastrophic illness certificate
was defined as the index date for the RA.

A random sample of the outpatient datafile of the 2000 Longitudinal Health Insurance
Database (LHID 2000) was used to assemble the comparison cohort. The LHID 2000 is a
subfile of the NHIRD with health claim records between 1 January 2000 and 31 Decem-
ber 2012. Based on frequency matching for six 10-year age intervals, sex, and index year,
five patients for each RA patient were selected.

Patients aged 20 to 80 years on the index date were included in the study. Patients who
had been diagnosed with ankylosing spondylitis (ICD-9-CM code 720.0), or had received
any spine surgery before the index data were excluded in both the RA and the comparison
cohorts. Osteoporosis (ICD-9-CM code 733.0) was also included as a potential confounder
in the regression analysis.

2.2. Identification of Cervical and Lumbar Spine Surgery

Patients in the RA and comparison cohorts were followed until the study outcomes had
occurred or the end of follow-up period. Three study outcome variables were evaluated:
overall spine surgery, cervical spine surgery, and lumbar spine surgery. Surgery codes were
used to identify spine surgery from inpatient order datafiles. The codes included 64012B
for costo-transversectomy; 64269B or 64270B for corrective osteotomy; 64144B or 64276B
for curettage or excision of single or multiple vertebral body; 64160B for open reduction
for fracture of spine; 64042C for close reduction for fracture of spine; 64279B for revisional
diskectomy, cervical, thoracic, and lumbar; 64280B for revisional posterior spinal fusion
with instrumentation, 83002C or 83003C for laminectomy; 83033C for laminoplasty; 83022C
for cervical spine discectomy; 83024C for lumbar spine diskectomy; 83043B, 83044B, 83045B,
83046B, 83095B, 83096B, and 83097B for spine fusion;. Spine surgeries due to cancer (ICD-
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9-CM codes 140-239) and infection (ICD-9-CM codes 001-139), osteomyelitis (ICD-9-CM
code 730), and intraspinal abscess (ICD-9-CM code 324) were excluded.

As the location of the surgery for most spine surgeries, except discectomy, is not
specified by procedure codes, spine surgeries were classified into those related to the
cervical or lumbar vertebrae based on the following ICD-9-CM diagnostic and procedure
codes: ICD-9-CM procedure code 81.01, 81.02 and 81.03 for cervical spinal fusion; 81.04, and
81.05 for lumbar fusion, and 81.06, 81.07 and 81.08 for lumbar and lumbosacral fusion. Only
spine surgeries that occurred 90 days after the index date were included in our analyses.
A 90-day interval was used to lower the possibility of including spine surgeries that were
not related to RA.

2.3. Statistical Analysis

The basic characteristics of the patients in the RA cohort and the comparison cohort
were compared with the chi-square test for categorical variables and the t-test for continuous
variables, as appropriate. The patients’ socioeconomic status was trichotomized into three
groups based on their payroll-related insured amount, with cutoff points at TWD 19,000
and TWD 24,000 [12].

Incidence rate per 1000 person-years was calculated for the RA and the comparison
cohorts, separately for each of the three outcome variables. Incidence rate ratios (IRR)
and adjusted IRR with 95% confidence interval (CI) were calculated using generalized
linear model with Poisson log-linear link function and person-years as the offset variable.
Additional subgroup analyses were performed stratifying by sex or age groups (2044,
45-59, and 60-80 years). All statistical analyses were conducted using IBM SPSS Statistics
for Windows, version 24.0 (IBM Corp, Armonk, NY, USA). Two-tailed p values < 0.05 were
considered statistically significant.

3. Results

The study flow chart is shown in Figure 1.

Table 1 shows the basic characteristics of the patients in the RA cohort and the compar-
ison cohort. A total of 1287 patients with newly diagnosed RA and 6435 patients without
RA were selected from the database. The overall mean age was 53.4 years, with a standard
deviation of 13.4 years. There were no significant differences between the two groups in
sex (78.8% were females, p > 0.999) and age intervals (p > 0.999). In addition, there were
no significant differences between the two cohorts in the distribution of geographic region
(p = 0.455), but socioeconomic status was significantly higher in the RA cohort (p < 0.001).
The prevalence of osteoporosis was also significantly higher in the RA cohort (p < 0.001).

The IRRs and adjusted IRR (aIRR) of overall spine surgery, cervical spine surgery, and
lumbar spine surgery for the RA cohort and the comparison cohort, stratified by sex are
shown in Table 2. For overall spine surgery, patients with RA (aIRR = 2.13; 95% confidence
interval (CI) 1.49-3.04) and female patients with RA (aIRR = 2.43; 95% CI 1.65-3.58), but
not male patients with RA showed a significantly higher incidence compared with the
comparison cohort.

In addition, we stratified the location of spine surgeries into cervical and lumbar spine
surgery. The location of spine surgery was determined using both ICD-9-CM diagnostic
codes and procedure codes. After excluding those surgeries related to cancer, infection,
osteomyelitis, and intraspinal abscess, we identified 50 spine surgeries in patients with
RA, and 7 were located in the cervical spine, 42 in the lumbar spine and 1 in the thoracic
spine. In the comparison cohort, 99 spine surgeries were identified, including 16 cervical
spine surgeries, 82 lumbar spine surgeries, and 1 thoracic spine surgery. Two patients
were receiving concurrent cervical and lumbar spine surgeries during the same admission
course. We found that there was no significantly increased risk of cervical spine surgeries
in patients with RA, either male or female patients. For lumbar spine surgery, patients
with RA (aIRR = 2.14; 95% CI 1.46-3.15) and female patients with RA (aIRR = 2.44; 95%
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CI 1.61-3.69), but not male patients with RA, showed a significantly higher incidence

compared with the comparison cohort.

National Health Insurance Research Database (NHIRD)
Longitudinal Health Insurance Database (LHID) 2000
Records from 2000 to 2012

Exclusion criteria:
Age <20 or >80 years
Patients with ankylosing spondylitis

(ICD-9-CM code 720.0)

Receiving spine surgery before index date

v

\4

Rheumatoid arthritis cohort (n = 1,287)

Patients with newly diagnosed
rheumatoid arthritis
(ICD-9-CM codes 714.0)

Comparison cohort (n = 6,435)

Patients without rheumatoid arthritis
(1:10 frequency matched by sex, age-interval, and
index year)

v

\4

Three outcome variables occurred after the index
date 90 days:

1. Any spine surgery

2. Cervical spine surgery

3. Lumbar spine surgery

Spine surgeries due to cancer (ICD-9-CM codes
140-239) and infection (ICD-9-CM codes 001-139,
324 and, 730) were excluded. Os

Confounder: osteoporosis (ICD-9-CM code 733.0)

Three outcome variables occurred after the index
date 90 days:

1. Any spine surgery

2. Cervical spine surgery

3. Lumbar spine surgery

Spine surgeries due to cancer (ICD-9-CM codes
140-239) and infection (ICD-9-CM codes 001-139,
324 and 730) were excluded

Confounder: osteoporosis (ICD-9-CM code 733.0)

> Multiple Poisson regression analysis
adjusted for potential confounders

a

Figure 1. The flow chart for the study.
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Table 1. Basic characteristics of the patients in the rheumatoid arthritis cohort and the comparison
cohort (n = 7722).

Variable n (%) 4
1;237C 82?;: Comparison Cohort 6435 (83.3)
Sex >0.999
male 273 (21.2) 1365 (21.2)
female 1014 (78.8) 5070 (78.8)
Age group (years) >0.999
20.0-29.9 58 (4.5) 290 (4.5)
30.0-39.9 141 (11.0) 705 (11.0)
40.0-49.9 297 (23.1) 1485 (23.1)
50.0-59.9 376 (29.2) 1880 (29.2)
60.0-69.9 235 (18.3) 1175 (18.3)
70.0-80.0 180 (14.0) 900 (14.0)
Mean age (SD), years 53.4 (13.4) 53.4 (13.4) 0.959
Mean follow up duration (SD), years 6.04 (3.63) 5.71 (3.86) 0.004
Osteoporosis 132 (10.3) 218 (3.4) <0.001
Socioeconomic status (1 = 7701) <0.001
low 595 (46.6) 3714 (57.8)
middle 456 (35.7) 1800 (28.0)
high 225 (17.7) 911 (14.2)
Geographic region (n = 7462) 0.455
northern 723 (58.4) 3740 (60.1)
central 226 (18.2) 1030 (16.6)
southern 262 (21.1) 1328 (21.3)
eastern 28 (2.3) 125 (2.0

Socioeconomic status was estimated by insurance premiums based on salary. Low: <19,000 New Taiwan dollars
(TWD); middle: 19,001-24,000 TWD; and high: >24,000 TWD. IQR: interquartile range; RA: rheumatoid arthritis;
SD: standard deviation. p values were obtained by the chi-square test for categorical variables and the t-test for
continuous variables, as appropriate.

Table 2. The incidence rate and incidence risk ratio of spine surgery in the rheumatoid arthritis cohort
and the comparison cohort (1 = 7722).

Outcome Variable Iz: =C1ozl;(;:t C°m}(’:r=isz:3 Sc)ohort IRR (95% CI) Adj(;;f'/id CIII)(R *
Il’\i (t)i.e(:lft Person-Years IR IIJ\; (t’i'e(l)'lft Person-Years IR P P
Spine surgery
total 50 7572 6.60 97 35,821 271 2'442)'_;%;3'43) 2-13%'_‘(‘)31304)
male 5 1531 327 23 7541 3.05 L7280 103 (038 28D
female 45 6041 745 74 28,280 262 2PQ0412 243 (65 358
Cervical
total 7 7572 0.92 16 35,821 0.45 207 (09'18555'03) 179 (0926%‘471)
male 1 1531 0.65 7 7541 0.93 07005 72) 08901174
female 6 6041 0.99 9 28,280 032 2OALETN) 227(074 698)
Lumbar
total 0 7572 555 0 35801 220 242 <(2).'[6)(7);3.52) 214 i})éﬁf'w)
male 4 1531 261 18 7541 2.39 1.10 ((‘))5’77(; 3.24) 099 %’_%9‘305)
female 38 6041 6.29 64 28,280 226 2'7822)1?)8;4'15) 2-44<(g)~_(6)é;3~69)

CI: confidence interval; IR: incidence rate per 1000 person-years; IRR: incidence rate ratio; RA: rheumatoid arthritis.
* Adjusted for age group, socioeconomic status, geographic region, and osteoporosis.
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IRs and IRRs of overall spine surgery, cervical spine surgery, and lumbar spine surgery
for the RA cohort and the comparison cohort, stratified by three age groups (2044 years,
45-59 years, and 60-80 years) are shown in Table 3. In overall spine surgery, while the IRRs
were significant for all three age groups, the magnitude was the largest in the youngest age
group (alRR = 5.73; 95% CI 1.55-21.21) in the RA cohort compared with the comparison
cohort. For cervical spine surgery, the risk of was elevated in the youngest age group
with marginal significance (aIRR = 8.98; 95% CI 0.84-96.26, p = 0.070). For lumbar spine
surgery, the risk ratio was significantly elevated in the age group 45-59 years (aIRR = 2.32;
95% CI1.30-4.13) and the 60-80 years (aIRR = 1.90, 95% CI 1.10-3.29).

Table 3. The incidence rate and incidence risk ratio of spine surgery in the RA cohort and the
comparison cohort (1 = 7722).

. RA Cohort Comparison Cohort o Adjusted IRR *
Outcome Variable (1 = 1287) (1 = 6435) IRR (95% CI) 95% CI)
No. of No. of
Patient Person-Years IR Patient Person-Years IR r 4
Spine surgery
Age group, years
8.39 (2.46-28.66) 5.73 (1.55-21.21)
20-44.9 7 2050 341 4 9827 0.41 0.001 0.009
. 2.20 (1.30-3.75) 222 (1.29-3.84)
45-59.9 20 3362 5.95 43 15,938 2.70 0.003 0.004
2.14 (1.31-3.51) 1.78 (1.06-2.98)
60-80.0 23 2160 10.65 50 10,056 497 0.003 0.029
Cervical
Age group, years
19.17 8.98 (0.84-96.26)
20-44.9 4 2050 1.95 1 9827 0.10 (2.14-171.55) ’ ' ’
0.070
0.008
. 1.58 (0.32-7.83) 2.07 (0.40-10.70)
45-59.9 2 3362 0.59 6 15,938 0.38 0.575 0387
0.52 (0.07-4.08) 0.50 (0.06—4.07)
60-80.0 1 2160 0.46 9 10,056 0.89 0.532 0516
Lumbar
Age group, years
4.79 (0.97-23.75) 4.58 (0.91-23.13)
20-44.9 3 2050 1.46 3 9827 0.31 0.055 0.066
2.31 (1.31-4.05) 2.32(1.30-4.13)
45-59.9 18 3362 5.35 37 15,938 2.32 0.004 0.004
. 2.33 (1.38-3.93) 1.90 (1.10-3.29)
60-80.0 21 2160 9.72 42 10,056 4.18 0.002 0.022

CI: confidence interval; IR: incidence rate per 1000 person-years; IRR: incidence rate ratio. * Adjusted for sex,
socioeconomic status, geographic region, and osteoporosis.

In Table 4, we analyzed the risks of overall spine surgery and lumbar spine surgery
in patients with RA. In overall spine surgery, the IRRs were significantly elevated in age
group 60-80 years (alRR = 3.06; 95% CI 1.22-7.69) compared with age group 20-44 years
and in those with the diagnosis of osteoporosis (aIRR = 3.06; 95% CI 1.22-7.69) compared
with those without osteoporosis for patients with RA. In lumbar spine surgery, the IRRs
were also significant elevated in age group 60-80 years (aIRR = 5.36; 95% CI 1.56-18.40)
compared with age group 2044 years and in those with the diagnosis of osteoporosis
(aIRR = 2.80; 95% CI 1.46-5.36) compared with those without osteoporosis for patients
with RA.
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Table 4. The risk factors for spine surgery and lumbar spine surgery in the RA cohort (1 = 1287).

Overall Spine Surgery Lumbar Spine Surgery

Variable aIRR * (95% CI) 14 aIRR * (95% CI) 4

Sex (female/male)

male Ref Ref

female 2.16 (0.85-5.51) 0.107 2.27 (0.80-6.45) 0.123
Age group (years)

20-44.9 Ref Ref

45-59.9 1.85 (0.74-4.63) 0.192 3.23 (0.94-11.05) 0.062

60-80 3.06 (1.22-7.69) 0.018 5.36 (1.56-18.40) 0.008
Osteoporosis

No Ref

Yes 2.34 (1.25-4.38) 0.008 2.80 (1.46-5.36) 0.002
Socioeconomic status

low Ref Ref

Middle and high 1.07 (0.60-1.91) 0.816 1.07 (0.57-2.00) 0.836
Geographic region

northern Ref Ref

central, southern, and eastern 1.13 (0.64-2.00) 0.678 0.97 (0.52-1.80) 0.916

CI: confidence interval; aIRR: adjusted incidence rate ratio; * Adjusted for sex, age group, osteoporosis, socioeco-
nomic status, and geographic region.

4. Discussion

Our cohort study showed that patients with RA exhibited a significantly increased
risk of receiving spine surgery, especially over the lumbar spine but not the cervical spine.
It should be noted that only seven cases receiving cervical spine surgery over 1287 patients
with RA and 16 over 6435 controls were identified. The number of cases might be too
small to reach statistical significance. According to a meta-analysis using 12 studies, long
RA duration was a risk factor for cervical spine involvement [13]. RA cervical spine
involvement in patients with RA has been reported to occur generally after 10 years of
disease duration [14]. However, the mean follow-up period was only 6.04 years (standard
deviation 3.63 years) for our patients with RA. Therefore, a larger sample and a longer
follow-up duration are needed to further clarify the risk of cervical spine surgery in patients
with RA.

In this study, we found that the risk of receiving lumbar spine surgery was significantly
elevated in patients with RA, especially in female patients older than 45 years. Lumbar
spine problems may have been overlooked in patients with RA [15]. In fact, abnormal
radiologic findings in the lumbar spine were detected in 57% of patients with RA [16].
Suzuki et al. showed that patients with RA were more likely to have spondylolisthesis,
vertebral fracture, and scoliosis compared with controls [6]. Our study also demonstrated
that patients with RA had a higher risk of receiving lumbar spine surgery, even with
adjustment for osteoporosis. Patients with RA receiving spine surgery had a three-fold
increase in complications, such as radiographic evidence of nonunion, implant failure,
symptomatic adjacent segment disease, and infection [17]. Female and older patients are
already prone to having degenerative lumbar spondylolisthesis [18]. The participation of
inflammation caused by RA might further accelerate the process [9].

There are several limitations in this study. First, due to the constraints imposed
by the NHIRD database, the disease activity of RA, imaging, and serology reports were
not available for analysis. Second, the identification of spine surgery was based on the
diagnosis and procedure codes from the ICD-9-CM, which limits further investigation of
the detailed surgery types. Third, as there is universal health coverage in Taiwan with
low financial barrier for accessing medical care, including surgeries, our findings may not
be generalizable to other populations based on different medical care systems. Finally,
in addition to age, there are multiple other risk factors for developing spondylolisthesis
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including genetic, occupation, daily activity, sport, obesity and sedentary work [19,20].
This information was not available from the NHIRD database.

5. Conclusions

Patients with RA had an increased risk of receiving spine surgery, especially in the
lumbar spine. Female and older patients with RA were at higher risk. Physicians should be
vigilant for possible spinal problems in women and older patients with RA.
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Abstract: Background and Objectives: Rheumatic diseases, including rheumatoid arthritis, ankylosing
spondylitis, psoriasis, and systemic lupus erythematosus (SLE), are characterized by chronic arthritis
or spondyloarthritis, which can lead to joint and spine destruction. Our previous studies showed
that the risk of common orthopedic surgeries, including total knee replacement (TKR), total hip
replacement (THR), or spine surgery, was increased in patients with rheumatoid arthritis, ankylosing
spondylitis, psoriasis, and SLE. The aim of this review was to summarize the risk of TKR, THR,
cervical spine, and lumbar spine surgery on the basis of studies conducted using data from Taiwan’s
National Health Insurance Research Database (NHIRD). Materials and Methods: The risk of TKR, THR,
cervical spine surgery, and lumbar spine surgery in patients with rheumatoid arthritis, ankylosing
spondylitis, psoriasis, and SLE was summarized from the results of our previous studies and unpub-
lished findings based on NHIRD data. Results: Patients with rheumatoid arthritis and psoriasis and
men with ankylosing spondylitis showed an increased risk of TKR. Patients with rheumatoid arthritis,
ankylosing spondylitis, and women with SLE showed an increased risk of receiving THR. Only
patients with ankylosing spondylitis had an increased risk of cervical spine surgery, and patients with
rheumatoid arthritis or ankylosing spondylitis showed an increased risk of lumbar spine surgery.
Although the risk of THR, TKR, or spine surgery in these patients has declined in the era of biologics
use, direct evidence for the effects of biologics agents is not yet available. Conclusions: There was
an increased risk of common orthopedic surgery in patients with rheumatoid arthritis, ankylosing
spondylitis, psoriasis, and SLE. Clinicians should be vigilant to reduce the increased risk of TKR
and THR in young and middle-aged patients with rheumatoid arthritis, THR in young patients with
ankylosing spondylitis, and young female patients with SLE, as well as cervical spine surgery in
young patients with ankylosing spondylitis.

Keywords: rheumatoid arthritis; systemic lupus erythematosus; ankylosing spondylitis; psoriasis;
total knee replacement; total hip replacement; spine surgery

1. Introduction

Rheumatic diseases are a group of diseases characterized by chronic joint inflammation,
leading to the destruction of the joints and spine. Rheumatic diseases are the major cause of
disability worldwide, and the burden of rheumatic diseases is increasing [1]. Rheumatoid
arthritis, ankylosing spondylitis, psoriasis, and systemic lupus erythematosus (SLE) are
common rheumatic diseases that cause active arthritis and can lead to joint deformity.
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Rheumatoid arthritis is a common systemic autoimmune disease characterized by
chronic inflammation of the peripheral joints. Chronic inflammation in the peripheral joints
can lead to joint destruction that results in discomfort and disability. In addition to the
peripheral joints, rheumatoid arthritis can involve large joints, including the knee, hip,
and cervical [2,3] or lumbar spine [4,5]. The prevalence of rheumatoid arthritis ranges
from 0.5 to 1.0% around the world, with a female-to-male ratio of 2.5:1. Rheumatoid
arthritis commonly occurs in people aged 40-70 years, with the incidence increasing with
age [6]. The prevalence of rheumatoid arthritis in Taiwan was found to range from 0.26% to
0.93% [7], and patients with rheumatoid arthritis were associated with a higher mortality
rate compared with controls [8].

Ankylosing spondylitis belongs to the spondyloarthritis family and is characterized
by a bony fusion of the vertebral joints. The prevalence of ankylosing spondylitis ranged
from 0.19% to 0.54% in Taiwan (7), with a male-to-female ratio of 2:1 [9]. Because of long-
standing inflammation of the spine, patients with ankylosing spondylitis often develop
spinal deformities that lead to spine instability and neurological deficits. Ankylosing
spondylitis can also affect peripheral large joints, including knees and hips [10].

Psoriasis is a common chronic, immune-mediated skin disease presented as erythe-
matous, thick, and scaly areas of the skin [11]. The prevalence of psoriasis was estimated
to vary from 0.16% to 0.23% in Taiwan [12]. Around 20%-30% of patients with psoriasis
could develop psoriatic arthritis [13], which can cause joint damage leading to deformity
and may require surgery to alleviate pain and restore function [14]. However, a study
based on the Taiwan National Health Insurance Research Database (NHIRD) showed that
8.2% of patients with psoriasis had psoriatic arthritis [15], and therefore, increased effort
should be made to improve the diagnosis of psoriatic arthritis. Psoriatic arthritis can
affect the spine, causing inflammatory neck and back pain, eventually leading to reduced
spinal mobility [16].

SLE is a prototype of the systemic autoimmune disease, and it predominately affects
women during their childbearing age [17]. The prevalence of SLE was 14.3 per 10,000 people
in the female population in 2011 in Taiwan [18]. SLE typically involves the joints, skin,
kidneys, lungs, nerve systems, and hematological systems. Patients with SLE showed
increased morbidity and mortality. In the past, joint involvement in SLE was considered
mild and only caused pain in the peripheral joints. However, current evidence shows
that patients with SLE can have active, erosive arthritis, which leads to the deformity of
joints [19,20]. Mertelsmann-Voss et al. reported that patients with SLE had an increased
risk of receiving arthroplasty on the hip and knee joints in the United States [21].

2. Common Orthopedic Surgeries

Both total knee replacement (TKR) and total hip replacement (THR) are common
orthopedic surgery for severe joint destruction from osteoarthritis, rheumatic diseases,
or osteonecrosis, and their rates are increasing around the world [22,23]. In Taiwan, the
rate of primary TKR was 28.5 per 100,000 people in 1998 and has increased to 56.8 per
100,000 people in 2009. The rate of primary THR was 17.5 per 100,000 people in 1998
and increased to 19.5 per 100,000 people in 2009 [24]. In addition, there was a high
prevalence of spinal surgeries in Taiwan, and the common spine surgeries were discectomy,
laminectomy, spinal fusion, and spinal fracture reduction [25,26]. Since rheumatic diseases
are characterized by active inflammation of the joints or the spine, it is expected that
patients with these rheumatic diseases might show an increased risk of receiving a joint
replacement or spinal surgery. Our research group had previously published several
articles on the risk of THR and TKR in patients with ankylosing spondylitis, psoriasis,
and SLE [27-29] and the risk of spinal surgery in patients with rheumatoid arthritis and
ankylosing spondylitis [30,31].

The aim of this review was to summarize our previous study results on the risks of
TKR, THR, and cervical spine and lumbar surgery. All our studies were based on data from
the NHIRD in Taiwan. We also included the results of unpublished data exploring the risk
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of spinal surgery in patients with SLE and psoriasis. Because the risk of spinal surgery did
not differ in patients with SLE or psoriasis compared with the controls, the results of these
analyses were not previously published. Although Lee et al. reported that patients with
rheumatoid arthritis were 4.82 times more likely to receive THR (95% confidence interval
[CI] 3.84-6.04) and 3.85 times more likely to undergo TKR (95% CI 3.48—4.25) compared
with controls, risks of TKR and THR in patients with RA stratified by age or sex were
unavailable in their report [32]. Therefore, in the present study, our own unpublished data
were presented instead of those from Lee et al. for these risk estimates. As patients with
SLE are predominantly female, only women were included in the analysis of SLE.

3. Risk of Total Knee Replacement in Patients with Rheumatic Diseases

Among patients with rheumatic diseases, the risk of overall TKR was highest in pa-
tients with rheumatoid arthritis (adjusted incidence rate ratio (aIRR) = 3.77; 95% confidence
interval [CI] 2.82-5.04), followed by patients with psoriasis (aIRR = 1.38; 95% CI 1.09-1.75),
but the risk of TKR was not significantly elevated in patients with ankylosing spondylitis
or female patients with SLE (Table 1).

Table 1. A summary of the incidence rate ratio, 95% confidence interval, and p value of total knee
replacement surgery in patients with rheumatoid arthritis, ankylosing spondylitis, psoriasis, and
systemic lupus erythematosus.

Rheumatoid Sp?)lr‘lllc(l};l(i)tsi]snés] Psoriasis [27] Er}srtylf:nn;f)s[:‘sp[g;] .
Arthritis (n = 1557) (1 = 3462) (n =10,819) (1 = 557)
3.77 (2.82-5.04) 1.10 (0.78-1.54) 1.38 (1.09-1.75)
Overall <0.001 0.591 0.007 NA
3.27 (1.53-7.02) 1.89 (1.04-3.41) 1.29 (0.87-1.92)
Male 0.002 0.036 0.209 NA
Female 3.93 (2.87-5.39) 0.88 (0.59-1.34) 1.44 (1.08-1.93) 1.81 (0.69-4.75)
<0.001 0.554 0.014 0.227
20-44 years
74.18 (9.80-561.38)
<0.00145-59 years 60-80 vears
Age effect (only the significant 6.86 (4.20-11.20) ¥
. NS 1.31 (1.00-1.71) NS
age interval was shown) <0.001 0.047
60-80 years '
1.68 (1.08-2.62)
0.02

Data were presented as an incidence rate ratio (IRR) and 95% confidence interval (CI), and p value; NA—not
available; NS—no statistically significant association; * For systemic lupus erythematosus, only female patients
were analyzed.

When stratified by sex, we found that both male (aIRR = 3.27; 95% CI 1.53-7.02)
and female (aIRR = 3.93; 95% CI 2.87-5.39) patients with rheumatoid arthritis showed
an elevated risk of receiving TKR. Only male patients showed an elevated risk of TKR
(aIRR = 1.89; 95% CI 1.04-3.41), and female patients with psoriasis showed an elevated risk
of TKR (aIRR = 1.44; 95% CI 1.08-1.93).

As for the effect of age, all age groups showed an increased risk of TKR in patients
with rheumatoid arthritis. It is an unexpected finding that young patients with rheumatoid
arthritis (2044 years) showed a very high risk of receiving TKR (aIRR = 74.18; 95% CI
9.80-561.38). In psoriasis, the older age group (60-80 years) showed a significantly elevated
risk (aIRR = 1.31; 95% CI 1.00-1.71) of receiving TKR.

Currently, the use of biologics along with early, aggressive treatment strategies has
allowed patients with rheumatoid arthritis to better control their disease activities. The
risk of receiving TKR and THR in patients with rheumatoid arthritis has decreased after
the start of the era of biologics agents in Japan and Canada [33,34]. Finally, in patients
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with ankylosing spondylitis or SLE, the risk of TKR was not elevated when stratified by
age group.

4. Risk of Total Hip Replacement in Patients with Rheumatic Diseases

The risk of THR was the highest in female patients with SLE (aIRR = 6.47; 95%
CI 2.43-17.22), followed by patients with ankylosing spondylitis (aIRR = 5.91; 95% CI
3.39-10.30), and patients with rheumatoid arthritis (aIRR = 3.30; 95% CI 1.95-5.60) (Table 2).
The risk of receiving THR did not increase in patients with psoriasis.

Table 2. A summary of the incidence rate ratio, 95% confidence interval, and p value of total hip
replacement surgery in patients with rheumatoid arthritis, ankylosing spondylitis, psoriasis, and

systemic lupus erythematosus.

Rheumatoid Ankylosing Psoriasis [27] Systemic Lupus
Arthritis Spondylitis [28] (= 10,819) Erythematosus [29] *
(n =1287) (n = 3462) T (n =557)
3.30 (1.95-5.60) 5.91 (3.39-10.30)
Overall <0.001 <0.001 1.27 (0.88-1.84) 0.204 NA
4.35 (1.69-11.23) 12.59 (5.54-28.58) §
Male 0.002 <0.001 1.40 (0.90-2.19) 0.137 NA
2.86 (1.50-30.18) 2.34 (0.95-5.73) y 6.47 (2.43-17.22)
Female 0.001 0.064 1.09 (0.55-2.19) 0.803 <0.001
6 9260 amélng S18) 20739 years
Age effect (only showed ' 0'010 ’ 27.66 (6.13-124.81) 20-44 years
¢ el ys y <0.00140-80 years NS 7.70 (2.19-27.12)
the significant age interval) 45-59 years
3.84 (2.00-7.36) 0.001
7.00 (2.78-17.62) <0.001
<0.001 ’

Data were presented as an incidence rate ratio (IRR) and 95% confidence interval (CI), and p value; NA—not
available; NS—no statistically significant association; * For systemic lupus erythematosus, only female patients
were analyzed.

When stratified by sex, both male (aIRR = 4.35; 95% CI 1.69-11.23) and female
(aIRR = 2.86; 95% CI 1.50-30.18) patients with rheumatoid arthritis showed an increased
risk of receiving THR. In patients with ankylosing spondylitis, only male patients showed
an increased risk of receiving THR.

As for the effect of age, both the young (aIRR = 6.96; 95% CI 1.61-30.18) and middle
age (alRR =7.00; 95% CI 2.78-17.62) group patients with rheumatoid arthritis showed an
elevated risk of receiving THR. In patients with ankylosing spondylitis, both the younger
and older age groups showed an elevated risk of receiving THR, and the risk of THR in the
young age group (20-39 years) was very high (aIRR = 27.66; 95% CI 6.13-124.81). In SLE,
the younger age group (20-44 years) also showed an increased risk of THR (aIRR = 7.70;
95% CI 2.19-27.12), and the main cause of THR was osteonecrosis. The main reason for
osteonecrosis in patients with SLE was high-dose steroid usage. Therefore, rheumatologists
should be vigilant regarding the use of steroids for SLE treatment.

In the era of biologics use, the risk of THR has begun to decrease in patients with
rheumatoid arthritis [33,34]. For patients with ankylosing spondylitis, the need for THR has
also changed [35] and decreased in those under 60 years of age [36]. However, Stovall et al.
indicated that the risk of THR/TKR was not reduced with any combinations of NSAIDs,
DMARD:s, or tumor necrosis factor inhibitor (TNFi) in people with ankylosing spondylitis
or psoriatic arthritis [37]. In patients with rheumatoid arthritis, the usage of TNFi was only
associated with a reduction in risk for THR in those over 60 years old [38]. Therefore, there
are still debates over the main cause of the decreased risk of THR/TKR in recent years.
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5. Risk of Cervical Spine Surgery in Patients with Rheumatic Diseases

The risk of cervical spine surgery was only increased in patients with ankylosing
spondylitis (aIRR = 2.36; 95% CI 1.55-3.59) (Table 3). When stratified by sex and age,
only male (aIRR = 2.92; 95% CI 1.68-5.08) patients with ankylosing spondylitis showed an
increased risk of receiving cervical spine surgery. Both the younger age group (alRR = 5.75;
95% CI 2.08-15.86) and the middle age group (aIRR = 2.91; 95% CI 1.63-5.20) showed an
increased risk of receiving cervical spine surgery in patients with ankylosing spondylitis.
Although patients with rheumatoid arthritis are known to have cervical spine involvement,
we did not find an increased risk of receiving cervical spine surgery in our cohort. A reason
for this could be that the relative mean follow-up period was too short (only 6.0 years) in
our patients with rheumatoid arthritis [39,40].

Table 3. A summary of the incidence rate ratio, 95% confidence interval, and p value of cervical
spine surgery in patients with rheumatoid arthritis, ankylosing spondylitis, psoriasis, and systemic
lupus erythematosus.

Rheumatoid Ankylosing Psoriasis Systemic Lupus
Arthritis [31] Spondylitis [30] (1 = 10.677) Erythematosus *
(n =1287) (n = 3462) o (n = 471)
1.79 (0.68-4.71) 2.36 (1.55-3.59) 1.10 (0.74-1.65)
Overall 0.238 <0.001 0.638 NA
0.89 (0.11-7.44) 2.92 (1.68-5.08) 1.14 (0.71-1.84)
Male 0915 <0.001 0.590 NA
Female 2.27 (0.74-6.98) 1.78 (0.92-3.44) 1.01 (0.47-2.16) 1.55 (0.31-7.78)
0.153 0.087 0.991 0.596
20-39 years
5.75 (2.08-15.86)
Age effect (only showed 0.001
the significant age interval) NS 40-59 years NS NS
2.91 (1.63-5.20)
<0.001

Data were presented as an incidence rate ratio (IRR) and 95% confidence interval (CI), and p value; NA—not
available; NS—mno statistically significant association; * For systemic lupus erythematosus, only female patients
were analyzed.

6. Risk of Lumbar Spine Surgery in Patients with Rheumatic Diseases

Both the patients with rheumatoid arthritis (aIRR = 2.14; 95% CI 1.46-3.15) and
ankylosing spondylitis (aIRR = 2.33; 95% CI 1.85-2.93) showed an increased risk of lum-
bar spine surgery (Table 4). When stratified by sex, only female (aIRR = 2.44; 95% CI
1.61-3.69) patients with rheumatoid arthritis showed an increased risk of receiving lum-
bar spine surgery. Both male (aIRR = 2.13; 95% CI 1.53-2.96) and female (aIRR = 2.53;
95% CI 1.84-3.49) patients with ankylosing spondylitis showed an increased risk of receiv-
ing lumbar spine surgery.

When stratified by age, patients with rheumatoid arthritis in the middle (45-59 years)
(aIRR = 2.32 95% CI 1.30—4.13) and old age group (59-80) (aIRR = 1.90; 95% CI 1.10-3.29)
showed a higher risk of receiving lumbar spine surgery. On the other hand, in patients with
ankylosing spondylitis, all three age groups showed an increased risk of receiving lumbar
spine surgery (20-39 years: aIRR = 3.14; 95% CI 1.91-5.18; 40-59 years: aIRR = 2.43; 95%
CI 1.72-3.43); 60-80 years: aIRR = 1.75; 95% CI 1.18-2.59). Generally, male patients with
ankylosing spondylitis have more severe radiographic changes in the spine [41]. However,
our study also showed an increased risk of lumbar spine surgery in female patients with
ankylosing spondylitis. Therefore, clinicians should also be vigilant for the possibility
of lumbar spine disorder in female patients with ankylosing spondylitis. The cause of
increased risk for spinal surgery in patients with ankylosing spondylitis might be related
to the disease manifestation itself.
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Table 4. A summary of the incidence rate ratio, 95% confidence interval, and p value of lumbar
spine surgery in patients with rheumatoid arthritis, ankylosing spondylitis, psoriasis, and systemic
lupus erythematosus.

Rheumatoid Ankylosing Psoriasis Systemic Lupus
Rthritis [31] Spondylitis [30] (1 = 10,677) Erythematosus *
(n =1287) (n = 3462) T (n =471)
2.14 (1.46-3.15) 2.33 (1.85-2.93) 1.09 (0.89-1.34)
Overall <0.001 <0.001 0.393 NA
0.99 (0.32-3.05) 2.13 (1.53-2.96) 1.05 (0.80-1.38)
Male 0.989 <0.001 0.710 NA
Female 2.44 (1.61-3.69) 2.53 (1.84-3.49) 1.16 (0.85-1.58) 0.27 (0.04-1.99)
<0.001 <0.001 0.351 0.197
20-39 years
45-59 years 3'142)'%1);5'18)
2.32(1.304.13) 40_59' ears
Age effect (only showed 0.004 y
N . 2.43 (1.72-3.43) NS NS
the significant age interval) 59-80 years
<0.001
1.90 (1.10-3.29)
0.022 60-80 years
’ 1.75 (1.18-2.59)
0.005

Data were presented as IRR (95% CI) and p value; NA—not available; NS—no statistically significant association;
* In patients with SLE, we only included female patients.

7. Summary

The risk of receiving TKR was increased in patients with rheumatoid arthritis, psoriasis,
and male patients with ankylosing spondylitis. On the other hand, the risk of receiving
THR was increased in patients with rheumatoid arthritis, ankylosing spondylitis, and
women with SLE. Patients with ankylosing spondylitis also showed a higher risk of cervical
and lumbar spine surgery because of the nature of the disease itself. Moreover, patients
with rheumatoid arthritis showed an increased risk of receiving lumbar spine surgery.
Recent studies suggested that the trend for orthopedic surgery has declined in TKR and
THR in rheumatoid arthritis, as well as in THR among patients with ankylosing spondylitis.
The use of biologics for treating rheumatic diseases has been considered a key factor in
reducing the risk of orthopedic surgery. However, direct evidence is still lacking. Physicians
should be aware of the possibility of the knee, hip, and spinal destruction in patients with
rheumatic diseases. Action should be taken to reduce the increased risk of receiving TKR
in young patients with rheumatoid arthritis, receiving THR in patients with ankylosing
spondylitis and female patients with SLE, and receiving cervical spine surgery in young
patients with ankylosing spondylitis.
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Abstract: Background and objectives: the COVID-19 pandemic globally caused more than 18 million
deaths over the period of 2020-2021. Although inflammatory rheumatic diseases (RD) are generally
associated with premature mortality, it is not yet clear whether RD patients are at a greater risk
for COVID-19-related mortality. The aim of our study was to evaluate mortality and causes of
death in a retrospective inflammatory RD patient cohort during the COVID-19 pandemic years.
Methods: We identified patients with a first-time diagnosis of inflammatory RD and followed them
up during the pandemic years of 2020-2021. Death rates, and sex- and age-standardized mortality
ratios (SMRs) were calculated for the prepandemic and pandemic periods. Results: We obtained
data from 11,636 patients that had been newly diagnosed with inflammatory RD and followed up
until the end of 2021 or their death. The mean duration of the follow-up was 5.5 years. In total,
1531 deaths occurred between 2013 and 2021. The prevailing causes of death in the prepandemic
period were cardiovascular diseases, neoplasms, and diseases of the respiratory system. In the
pandemic years, cardiovascular diseases and neoplasms remained the two most common causes
of death, with COVID-19 in third place. The SMR of the total RD cohort was 0.83. This trend
was observed in rheumatoid arthritis and spondyloarthropathy patients. The SMR in the group
of connective-tissue diseases and vasculitis was higher at 0.93, but did not differ from that of the
general population. The excess of deaths in the RD cohort during the pandemic period was negative
(—27.2%), meaning that RD patients endured the pandemic period better than the general population
did. Conclusions: The COVID-19 pandemic did not influence the mortality of RD patients. Strict
lockdown measures, social distancing, and early vaccination were the main factors that resulted in
reduced mortality in this cohort during the pandemic years.

Keywords: rtheumatic diseases; standardized mortality ratio; COVID-19; excess mortality

1. Introduction

Inflammatory rheumatic diseases (RDs) are generally associated with premature mor-
tality, mainly due to infections, premature atherosclerosis and subsequent cardiovascular
complications, and major organ damage as a result of the RDs themselves [1-6].

Epidemiologic studies conducted before 2020 calculated that patients with inflamma-
tory RD had up to 425% higher risk of death than that of the age- and sex-matched general
population. The highest mortality was observed in patients with systemic connective-tissue
diseases (CTDs; systemic sclerosis, systemic lupus erythematosus), systemic vasculitis,
and myositis. The lowest mortality, comparable to the general population results, was
observed in rheumatoid arthritis (RA), spondyloarthropathy (SPA), Sjogren’s syndrome,
and polymyalgia rheumatica patient groups [7]. The greatest decrease in life expectancy

Medicina 2023, 59, 311. https:/ /doi.org/10.3390 /medicina59020311

https:/ /www.mdpi.com/journal /medicina
153



Medicina 2023, 59, 311

at the time of birth in comparison with the general population was estimated in systemic
sclerosis patients and is up to 34 years of life [1,8-10].

At the end of 2019, coronavirus disease 2019 (COVID-19), caused by the SARS-CoV-2
virus, emerged and spread fulminantly worldwide as a severe pandemic that was responsi-
ble for increased global mortality. According to the World Health Organization (WHO),
COVID-19 has already caused over 6.67 million deaths [11]. However, the full weight of the
COVID-19 pandemic is much greater than what is indicated only by reported deaths due
to COVID-19. The full impact of the pandemic is assessed by calculating excess mortality,
which is defined as the increase in all-cause mortality over the expected mortality rates.
It is estimated that more than 18 million people died globally because of the COVID-19
pandemic (as measured via excess mortality) over the period between 1 January 2020 and
31 December 2021 [12]. The extent of excess mortality varied significantly between coun-
tries. The highest excess mortality rate due to COVID-19 was observed in Bolivia, which
reached 734.9 deaths per 100,000 individuals. Negative excess-mortality rates (pandemic
mortality was lower than that in the prepandemic period) were estimated in Iceland, Aus-
tralia, Singapore, New Zealand, and Taiwan [12,13]. Older age and concomitant diseases
such as dementia, chronic kidney disease, severe mental illness, cardiovascular disease,
diabetes, chronic obstructive pulmonary disease, and cancer are predictors for severity
and death related to COVID-19 [14]. However, it is still unclear whether patients with
inflammatory RD are at a greater risk of COVID-19-related mortality.

The objective of our study was to assess mortality and causes of death in a retrospective
cohort of patients with inflammatory RD during the COVID-19 pandemic, in particular
during 2020-2021, and to compare them with those of the general population of Lithuania
and the results of the same cohort during the prepandemic years [7].

2. Materials and Methods
2.1. Data Sources

The retrospective cohort study was performed with data retrieved from Lithuanian
compulsory health insurance information system database SVEIDRA. This is a population-
based database that has been running since 1995 and registers all patients’ visits to health-
care institutions, the established diagnoses, and the prescriptions of state-reimbursed medi-
cations to all residents of Lithuania. The Vilnius Regional Bioethics Committee approved
assessing these data and conducting the study (approval number: 158200-17-958-462,
approval date: 7 November 2017).

Information about all patients who had been newly diagnosed with inflammatory
RD during the period between 1 January 2012 and 31 December 2019 was obtained from
SVEIDRA. Patients with RA, SPA (psoriatic arthritis (PsA), ankylosing spondylitis, and
undifferentiated SPA), systemic CTD, and vasculitis were included. Information about the
prescription of state-reimbursed medication such as glucocorticoids, conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs) (hydrochloroquine, sulfasalazine,
methotrexate, azathioprine, leflunomide), or biological disease-modifying antirheumatic
drugs (-DMARD:s) (etanercept, adalimumab, infliximab, tocilizumab or rituximab with
available biosimilars) was used for the verification of RD cases.

A total of 95,289 RD cases with a first-time diagnosis of inflammatory RD established
between 2012 and 2019 were selected. A case was considered first-time-diagnosed if the
patient had had at least 1 year of no previous RD record in the database. As no data
preceding 2012 were available, we excluded 22,526 first-time diagnoses in 2012 from the
total cohort, as it was not possible to verify their RD diagnosis prior to the index date.

We excluded 2251 cases from the cohort because they were younger than 18 years
old at the time of diagnosis, and 10 because of an unidentifiable identification code. To
verify the cases, we excluded 58,866 patients with no records of at least one prescription of
state-reimbursed medications for RD (glucocorticoids, csDMARDs, or bDMARD:s).

The final 11,636 cases were cross-checked with the death registry of the health Informa-
tion center at the Institute of Hygiene, and the date and cause of death were obtained if the
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death had occurred between 2013 and 2021. The cases were cross-checked using personal
identification codes. The principal causes of death were compared between the prepan-
demic and pandemic time periods, and grouped under the following categories: deaths
because of cardiovascular and circulatory causes, malignancies, infections, respiratory
causes, musculoskeletal diseases, external causes of death, and unspecified causes of death.
COVID-19, as a recorded cause of death, was only calculated in the pandemic period.

The final dataset used for analysis included sex, age, the ICD-10 code of RD, the date
of RD diagnosis, the date and cause of death if applicable, and information about the
prescription of state-reimbursed drugs.

For the comparison with the general population of Lithuania, information on the adult
population census in 2013-2021 was obtained from Statistics Lithuania (www.stat.gov.lt,
accessed on 27 November 2022).

2.2. Statistical Methods

Sex- and age-standardized mortality ratios (SMRs) were calculated by dividing the
observed number of deaths in the RD patients’ cohort by the expected number of deaths,
calculated using the national rates from the Lithuanian Department of Statistics” official
statistics website; 95% confidence intervals (CIs) for the SMRs were calculated.

All statistical analyses were performed using Microsoft Excel (2016) by the Microsoft
Corporation.

3. Results
3.1. Demographic Characteristics of the RD Cohort

During the period of 2013-2019, 11,636 patients with newly diagnosed RD were
identified comprising 6008 patients with RA, 3289 with SPA, and 2339 with systemic CTD
and vasculitis. The cohort was further followed up during the COVID-19 pandemic years
(2020-2021); the mean duration of total follow-up was 5.49 (standard deviation 2.22) years.
The mean age of the patients at the time of RD diagnosis was 57 years (range, 18-97). 52%
of the total cohort were RA patients. The majority of the cohort patients were women (70%),
particularly in the RA and systemic CTD groups (77% and 76%, respectively). In SPA, the
group gender distribution was equal (52% of women and 48% of men).

3.2. Death Cases and Leading Causes of Death

At a total follow-up of 63,901.16 person-years, 950 death cases had occurred in
2013-2019, and 581 death cases in 2020-2021. The demographic data of the death cases are
presented in Table 1. Around 60% of the death cases were women in both periods of time.
The majority of the death cases were observed in the RA group during both periods (54%
in the 2013-2019 period and 55% in the period of 2020-2021). Age at the time of death in
the RD cohort was higher in the pandemic period (76.42 years) compared with 73.5 years
during the 2013-2019 period. SPA patients were the youngest at the time of death, around
67 years in both the analyzed periods of time, whereas the RA and CTD groups did not
differ much from the average in either time period.

Table 1. Demographic characteristics of rheumatic-disease patient cohort’s death cases in the prepan-
demic and pandemic periods.

Prepandemic Period Pandemic Period

Deaths/Periods (2013-2019) (2020-2021)

Total number of deaths 950 581
Female (%) 562 (59.16) 358 (61.62)
Male (%) 388 (40.84) 223 (38.38)
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Table 1. Cont.

. Prepandemic Period Pandemic Period
Deaths/Periods ® 20132019) (2020-2021)

Number of deaths in different disease groups:

RA group (%) * 509 (53.58) 321 (55.25)

SPA group (%) ** 142 (14.95) 81 (13.94)

CTD and vasculitis group (%) *** 299 (30.63) 179 (30.81)
Age at the time of death:

Mean total-cohort age (SD ****) 73.50 (12.33) 76.42 (11.35)

Mean RA group age (SD) 74.95 (11.45) 77.64 (9.95)

Mean SPA group age (SD) 67.34 (13.45) 67.96 (14.75)

Mean CTD and vasculitis group age (SD) 73.98 (12.37) 78.04 (10.22)

* RA—rheumatoid arthritis, ** SPA—spondyloarthropathy, *** CTD—connective-tissue disease, **** SD—standard
deviation.

We compared the main causes of death between the prepandemic and pandemic
cohorts of patients. Despite the COVID-19 pandemic and deaths occurring because of this
disease, the predominant causes of death for both cohorts were cardiovascular diseases and
neoplasms. However, the reported COVID-19 disease was the third most common direct
cause of death in the pandemic cohort. We present the proportions of the main causes of
death in both cohorts in Table 2.

Table 2. Main causes of death in patients with rheumatic diseases in the prepandemic and pandemic

cohorts.
Prepandemic Cohort Pandemic Cohort
Causes of Death (2013-2019) n =950 (2020-2021) 7 = 581
Cardiovascular diseases (%) 450 (47.4) * 266 (45.8)

Neoplasms including lymphopoietic

system (%) 220 (23.2) 103 (17.7)
Diseases of the respiratory system (%) 57 (6.0) 15 (2.6)
Diseases of the musculoskeletal system (%) 48 (5.1) 15 (2.6)
External causes of death (%) 38 (4.0) 15 (2.6)
Other causes of death (%) 137 (14.4) 81 (13.9)
COVID-19 (%) 0 86 (14.8)

* The three most common causes of death are represented by numbers in bold.

3.3. Death Rates and Standardized Mortality Ratios

Death rates that were adjusted to the general population were separately calculated
in the RD cohort for the prepandemic and pandemic periods and compared to the na-
tional death rates. In the prepandemic period of 2013-2019, the adjusted death rate
observed in the RD group was higher than that of the general population of Lithuania
(2239.00 per 100,000 patient years and 1702.97 per 100,000 inhabitants per year, respectively).
The excess of deaths of almost 16% was obvious for the general Lithuanian population
during the pandemic period (the death rate in the period of 2020-2021 was 1973.39 per
100,000 inhabitants per year), while it was not the case for the adjusted RD cohort (excess
of deaths in pandemic period, —27.2%), meaning that RD patients endured the pandemic
period better than the general population did. Death rates are presented in Table 3.
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Table 3. Death rates and excess of deaths observed in the general population of Lithuania and the
cohort of rheumatic diseases during the prepandemic and pandemic periods.

Prepandemic Period Pandemic Period Excess of
(2013-2019) (2020-2021) Deaths
General population of Lithuania
(average number of deaths per 1702.97 1973.39 15.9%
100,000 inhabitants per year)
RD * cohort
(death rate, standardized 2239 (2099;2386) 1630 (1500;1768) —27.2%

according to age and sex,
95% CI)

* RD—rheumatic diseases.

The age- and sex-adjusted SMRs were calculated for the RD cohort for both periods of
time. RD mortality was higher than that in the general population in the prepandemic years
(the total SMR of the cohort was 1.32 (95% CI 1.23;1.40)), but in the pandemic years, RD
mortality was significantly lower than that in the general population (the SMR of the total
RD cohort was 0.83 (95% CI 0.76;0.90)). This trend was observed in RA and SPA patients
except for the CTD and vasculitis group. The SMR in the CTD and vasculitis group did not
differ from that of the general population, at 0.93 (95% CI 080; 1.07)). The SMRs of the total
RD cohort and different RDs are presented in Table 4.

Table 4. Standardized mortality ratios in the RD cohort during the prepandemic and pandemic
periods.

Standardized Mortality Standardized Mortality
Ratios in Prepandemic Ratios in Pandemic Period
Period (95% CI) (95% CI)
Total: 1.32 (1.23;1.40) 0.83 (0.76;0.90)
Women 1.31(1.21;1.42) 0.79 (0.71,0.87)
Men 1.32 (1.19;1.46) 0.90 (0.78;1.02)
RA* 1.25 (1.14;1.36) 0.83 (0.74;0.92)
SPA ** 1.16 (0.98;1.37) 0.67 (0.53;0.83)
CTD and vasculitis *** 1.55 (1.38;1.73) 0.93 (0.80;1.07)

* RA—rheumatoid arthritis, ** SPA—spondyloarthropathy, *** CTD—connective tissue diseases.

4. Discussion

In this article, we describe the mortality results of the follow-up of a large Lithuanian
RD patient cohort starting from the diagnoses and following to the end of 2021. We found
that the COVID-19 pandemic did not influence the mortality of the cohort. On the contrary,
RD patients survived the pandemic period better than the general Lithuanian population
did. The age- and sex-adjusted SMR of the total RD cohort was 0.83 (compared to an SMR
of 1.32 in the prepandemic years). This trend was observed in the RA and SPA patient
groups. Only mortality in the CTD and vasculitis group was a little higher, but did not
differ from that of the general population, with an SMR of 0.93 (95% CI 0.80; 1.07).

The COVID-19 pandemic has been generally linked to an increased global mortality
and excess of deaths. At the very beginning of the pandemic, patients diagnosed with
cardiovascular disease (CVD), diabetes, chronic respiratory disease, hypertension, cancer,
and older age had an increased mortality risk [15]. In 2021, Dessie et al. performed a
systematic review and meta-analysis of the risk factors of COVID-19-related mortality.
The meta-analysis of more than 400,000 cases of COVID-19 concluded that the male sex,
older age, current smoking status, obesity, increased D-dimer level, and comorbidities
such as acute kidney injury, chronic obstructive pulmonary disease, diabetes, hypertension,
CVD, and malignancy determined a higher risk of death [16]. Predictors of the increase
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in all-cause mortality during the COVID-19 pandemic were also analyzed, revealing that
people who were aged 65-79 years, single, and had elementary-school education (or below)
were at higher risk for excess death from any cause [17]. In addition, a study from the
USA revealed racial and ethnic disparities, reporting a twice higher rate of excess deaths
in Black, American Indian/Alaska Native, and Latino males and females compared with
White and Asian people [18]. Carey et al. reported that not only older age (>80 years)
and non-White ethnicity are risk factors for excess mortality, but also a high body mass
index (>40), dementia, learning disabilities, severe mental illnesses, and the specific place
of residence (care home, most deprived) [19].

There are global data that the COVID-19 pandemic had a definite effect on different
aspects of inflammatory RDs due to the challenges to healthcare systems, shortages of
resources, limitations in performing routine care, possible delays in diagnosis, and even, in
some cases, supply gaps of some medications, such as hydroxychloroquine [20]. Although
it seems that there is no evidence that rheumatic patients are at higher risk of contracting
SARS-CoV-2 [21], it is yet not clear whether patients with inflammatory RD are at a
greater risk of COVID-19-related mortality. A number of studies have addressed this
problem so far. A study conducted in South Korea examined data from 8297 patients
diagnosed with inflammatory RD and reported an increased mortality rate among the
aforementioned patients during the pandemic. They also found that taking >10 mg of
systemic glucocorticosteroids was associated with a higher risk of testing positive for
COVID-19, developing severe illness, and COVID-19-related death [22]. A Greek study
that covered 12-month data derived from electronic databases of around 11 million Greek
residents indicated that mortality due to COVID-19 was higher in patients with systemic
sclerosis and RA in comparison to that of the general population, while the mortality rates
in ankylosing spondylitis, systemic lupus erythematosus, and PsA were equal to those
of the comparators [23]. A Swedish nationwide study also demonstrated that mortality
rates differred among different types of arthritis. For example, RA has higher mortality
rates; in the SPA group, mortality levels matched those of the general population [24]. A
nationwide cohort study from Denmark also matched the Swedish data: patients diagnosed
with RA were more likely to have a severe outcome (intensive care unit admission, acute
distress syndrome, or death) of COVID-19 [25]. However, data throughout the literature
are inconsistent. For example, an American multicenter study demonstrated that mortality
rates in the general population and in patients with inflammatory RD were equal [26].

There is a discussion regarding which factors could have added to excess mortality
during the COVID-19 pandemic. Apart from the lethal outcomes directly caused by
COVID-19 infection, deaths caused by the collapse or overstretching of medical systems
due to the COVID-19 pandemic may have also added to the excess deaths [27,28] There is
recorded evidence about the higher rates of anxiety and depression during the pandemic
period, which might have led to an increase in deaths from suicide, as was estimated in
Japan [29-31].

There are also generally accepted factors that lowered excess mortality. Isolation
requirements and other pandemic restrictions might have decreased the incidence of
some conditions and injuries, such as traffic accidents, thereby resulting in a decrease in
death rates due to these causes [32,33]. The lower rate of deaths from chronic respiratory
conditions could have been influenced by the reduction in air pollution [34]. There was
also noted decrease in deaths from chronic conditions such as ischemic heart disease
or chronic respiratory disease, probably because these frail individuals were at higher
risk to die from COVID-19 rather than from these chronic conditions in the pandemic
period [35]. However, the most likely reason for the non-COVID-19 mortality to have
decreased is the lower incidence of influenza and other infectious respiratory diseases
during the COVID-19 pandemic—a decrease in cases of 80% or more was reported by
the WHO. It was estimated that the decrease in influenza incidence alone could have led
to a decrease in total annual mortality of 3-6% [13]. The main reasons for the decrease
in the rate of respiratory infections are behavioral factors—mask use, reduced mobility,
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social distancing, and lockdown measures, which were really strict in Lithuania during the
most severe pandemic periods. Lastly, the use of SARS-COV-2 vaccines has indisputably
considerably lowered mortality rates among people who contracted the virus and among
the general population. Inflammatory RD patients were among those who were the first
to be vaccinated in Lithuania—as a group at higher risk, their vaccination began as early
as April 2021. The strict lockdown measures and social distancing imposed by the state
authorities, and by the conscious decision of immunocompromised patients themselves, as
well as early vaccination were the main factors that resulted in the reduced mortality in the
Lithuanian RD cohort during the pandemic years.

The main asset of our study is the populational coverage. We obtained data on the
patients with RD and their death cases from the entire Lithuanian population from official
state-run sources. No death case could have been omitted due to this.

The main limitation of the study is the possible exclusion of some RD cases if they
had not been treated with the medications reimbursed by the state, as this was one of the
exclusion criteria for the verification of the cases. This could have resulted in the exclusion
of mild cases, and especially SPA patients, because the treatment of SPA is currently poorly
reimbursed in Lithuania. Another limitation is that we followed up the cohort of the
patients first diagnosed with RD during the period of 2013-2019 and did not include newly
diagnosed RD cases during the pandemic years. COVID-19 infection itself could be a trigger
of RD. A notable proportion of patients with COVID-19 present with fatigue, muscle pain,
and other rheumatic manifestations, such as arthralgia, vasculitis, and chilblains, and up to
49% of COVID-19 patients present with different autoantibodies (antinuclear, antiphospho-
lipid) [36,37]. However, it is not clear whether these antibodies show a temporary immune
dysregulation or whether SARS-CoV-2 is capable of causing RD [38-40]. A number of
new-onset rheumatic autoimmune diseases following SARS-CoV-2 infection were reported,
with the most common being systemic vasculitis and inflammatory arthritis [41]. A few
cases of inflammatory myopathies [42], systemic lupus erythematosus [43], and systemic
sclerosis [44], during or after COVID-19, were also reported. However, it is unclear whether
SARS-CoV-2 infection uncovers and accelerates previously subclinical rheumatic illness
or induces de novo disease, since no direct causal relationship has been proven. On the
other hand, an immense study in the USA demonstrated only a small rate of new-onset
RD in patients with a positive polymerase chain reaction (PCR) test for the detection of
SARS-CoV-2 (6 incident cases among over 15,200 patients), which was similar to the rate
among the matched controls with a negative PCR test (five incident cases) [45]. However,
this frequency might have been lower due to steroid therapy in COVID-19 pneumonia [46].
Other authors found that post-COVID-19 was strongly associated with the erythrocyte
sedimentation rate and C-reactive protein, but not autoantibodies, which suggested an
inflammatory rather than autoimmune mechanism of arthritis [47]. This could also explain
the significantly increased number of new Kawasaki disease cases during the COVID-19
pandemic [48]. Derksen et al. compared the clinical phenotype and autoantibody patterns
in patients with polyarthritis after COVID-19 and in RA patients, and concluded that RA
following COVID-19 was seemingly a coincidence [49]. Taking the aforementioned into
account, evidence on the role of SARS-CoV-2 in inducing RD is currently unclear, and
large-sample studies with an adequate follow-up are still needed.

5. Conclusions

In conclusion, the data from existing studies referring to the mortality of patients with
RD are inconsistent, and our study added new evidence that the RD patient mortality rate
was less than that of the general population. We speculate that the proper management of
the pandemic in the country and in the RD patient group resulted in a lower mortality rate
than what was expected. The relation between COVID-19 and new occurrences of RD in
Lithuanian cohort needs to be explored case by case and in a longer follow-up.
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