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Preface

Rheumatoid arthritis is a chronic, systemic, inflammatory autoimmune disease
that typically targets the synovial joints, with a spectrum of extra-articular
manifestations. The disease is the most common form of inflammatory arthritis
and contributes to considerable disability, morbidity, and mortality. The last two
decades experienced an unprecedented leap in the management paradigm of
rheumatoid arthritis from treat to relieve, to treat, to target and beyond.

This book examines the disease process of rheumatoid arthritis including information
on immune-pathogenic theories, classification criteria, available composite measures
of disease assessment, and latest available therapeutic approaches. It also discusses
various clinically relevant disease-related problems and comorbidities such as
vascular involvement and myopenia. The volume additionally examines the potential
benefit of hormones in disease amelioration with a focus on the effect of pregnancy
hormones and lactation on the inflammatory process in rheumatoid arthritis. Finally,
the book provides updates on pharmaceuticals and patient self-management for
better outcomes.

Rheumatoid Arthritis - Other Perspectives towards Better Practice sheds light

on different disease-related perspectives that we believe can provide a better
understanding of disease-related pathologies and support to improve long-term
patient care and minimize related comorbidities.

Reem Hamdy A. Mohammed MD, PhD, FACR, FRCP
Professor,

Professor of Rheumatology and Clinical Immunology,
Department of Rheumatology and Rehabilitation,
Kasr Alaini School of Medicine,

Cairo University,

Egypt
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Chapter1

Introductory Chapter:
Rheumatoid Arthritis - Overview
of Current Facts and Strategies

Reem H.A. Mohammed

1. Introduction

Rheumatoid arthritis (RA) is a chronic multi-system inflammatory autoim-
mune disease of indefinite etiology. The disease primarily affects synovial joints
eventually progressing to ongoing inflammation, destruction of both cartilaginous
and bony elements of the joint, with resultant pain and disability. The disease
additionally displays a spectrum of extra-articular multisystem manifestations
[1]. The worldwide prevalence of RA remains underestimated, data gathered from
Western regions illustrated prevalence between 0.5 and 1% in white individu-
als, with prevalence rates ranging between 0.6 and 0.9% in the studied black
individuals. The female to male ratio in rheumatoid arthritis is 2:1 to 3:1. A high
concordance rate is observed in monozygotic twins 12-15% compared to 2-3% in
dizygotic twins [2-4].

Theories behind the evolution of autoimmunity in rheumatoid arthritis are
clearly multifactorial. The inflammatory process usually develops in a predisposed
individual who is probably exposed to a provocative trigger of autoimmunity via
epigenetic modifications. A number of risk factors comprising genetic as well non
genetic elements provide the hostile environment for the change towards autoim-
munity. Evidences revealed a significant impact of familial genetic risk factors
featuring >50% of the total risk of developing seropositive RA, with highest inci-
dence rates among first-degree relatives. Among the most influential non genetic
risk factors there comes smoking. Smoking provides a stimulus to epigenetic
transformation, particularly in individuals with high-risk RA-susceptibility alleles.

Risk Factors Disease development
Genetic Factors:

HLA-DRB1. i . . - Autoantibody

| ' Disease in Evolution
Epigenetic lational farmation.
Transformation. - Post-translationa .
Madifications & - Expansion of auto-

Non- genetic factors: Citrullination antibody profile

Ethnic Factors - Loss o.f Immune '!'oleran_ce - Propagation of

Female Sex. - Initiation of autoimmunity autoimmunity.

Smoking. - Rheumatoid Arthritis

Microbiota. develaps.

Western Diet.

Figure 1.
Etio-pathogenic factors and disease evolution in rheumatoid arthritis.
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Environmental risk factors also include; particulate exposure, periodontal
disease, bronchiectasis, diet, obesity and the oral contraceptive impact, respiratory,
oral, intestinal and genital tract mucosal sites [1, 5], Figure 1.

2. Role players in the initiation and propagation of autoimmunity in
rheumatoid arthritis

a.Neo-epitopes generation: genetic and environmental factors operate to ulti-
mately result in the inflammatory and destructive synovial response. Stressors
including cigarette smoke can act on cells in mucosal sites and promote post-
translational conversion of the amino acid arginine to citrulline in a range of
proteins, including intracellular proteins (such as histones) and matrix pro-
teins (for example, fibronectin, collagen, fibrinogen, enolase and vimentin)
via induction of peptidyl arginine deaminases in a process called citrullination
(also known as deimination) rendering them antigenic [6-8].

Citrullination may also be induced by the oral microbiota: P. gingivalis, com-
mon in periodontal disease which expresses peptidyl arginine deiminases
and can induce citrullination. A. actinomycetemcomitans, also producing

a toxin that increases calcium influx into neutrophils, can lead to citrul-
lination of peptides and has been recently implicated in RA etiology. Post-
translational modifications (citrullination, carbamylation, and acetylation)
are potentially capable of generating neo-epitopes (neo-peptide antigens).
Animal and human data about autoimmunity in rheumatoid arthritis sug-
gest a model in which multiple environmental influences mucosal immune
function promoting epigenetic transformations with trafficking of pro-
inflammatory PAMPs making use of the enhanced mucosal permeability.
Hence, the initial shift towards autoimmunity may present at mucosal sites
as reported in previous researches with sputum samples positive for ACPA-
IgA and IgG [9, 10].

b.Major histocompatibility complex binding and peptide presentation:
specific class IT human leukocyte antigen (HLA; also known as major histo-
compatibility complex—MHC) loci, which encode MHC molecules HLA-
DRB1*01 and HLA-DRB1*04 display a very strong association with RA. The
altered peptides bind to MHC protein heterodimers on antigen presenting
cells, especially those containing the shared epitope [a specific amino acid
motif QKRAA commonly encoded by some alleles of the HLA-antigen
D-related (DR) locus significantly associated with the risk of developing
RA]. Being bound to MHC complex the antigenic epitope gets presented
by the antigen-presenting cells (dendritic cells and macrophages) to the
antigen-specific T lymphocyte receptor to stimulate T lymphocyte activation
and differentiation. Over 100 non-HLA genetic risk factors (loci) including
polymorphisms of PTPN22, TRAF1-C5, STAT4, TNFAIP3, and PADI4 have
been associated with an increased risk of developing RA [11, 12].

c.The adaptive immune system: the activated T lymphocyte stimulates the
release of pro-inflammatory cytokines including RANKL, TNF-a, GM-CSF,
IL-2,IL-17 and IFN-y. The antigen-stimulated T lymphocyte then promotes
B cell priming via T-B cell receptor signaling pathways then stimulate
specific antibody responses by the stimulated B lymphocytes against the
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neo-epitopes (neo-antigens) promoting a self-directed immune response. In
addition to autoantibody production the activated B lymphocytes releases
IL-6 [13, 14].

d.In situ activation of stromal cells: fibroblast-like synoviocytes FLS, antigen
presenting cells and macrophages within the synovial joints gets similarly and
synchronously stimulated to release a cascade of pro-inflammatory mediators
promoting arthritis with cartilage and bone damage.

FLS masters the intra-articular production of prodigious amounts of MMPs
and small-molecule mediators such as MMPs, prostaglandins, leukotrienes,
and RANKL. They additionally express IL-6 receptors and specific patterns of
microRNAs that could contribute to their activated phenotype. FLS exhibit an
invasive phenotype that is responsible for cartilage damage and can potentially
migrate from joint to joint to propagate disease. The macrophages like syn-
oviocytes participate actively via local release of TNF-a, IL-1, IL-6, IL-8 and
chemokines (CCL19, CCL21) [15-17].

e. Ectopic germinal centers: the adaptive immune cells infiltrate the synovial sub-
lining with almost half of the sublining cells CD4+ memory T cells that can either
diffusely infiltrate the tissue or, in 15-20% of patients, form ectopic germinal
centers in which mature B cells proliferate, differentiate and produce antibodies
(rheumatoid factor RF and anti-citrullinated C peptide ACCP) [18, 19].

Angiomatoid

\
\ A
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® |\

.

Figure 2.

Proximal interphalangeal joint with macrophages, dendritic cell, T cell, B cells infiltrates with hypertrophied
synovium, intra-synovial angiomatoids and pannus formation. “By Dv. Maya H Ibrahim” the original image
provider.
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The development of manifest disease in rheumatoid susceptible patients usually
requires a second hit driven by cross-reactivity, or molecular mimicry to pathogen-
specific antigens, in the settings of an inevitable lag of pathogen-immune complex
clearance (Figure 2).

3. Diagnosis of rheumatoid arthritis

The diagnosis of rheumatoid arthritis requires the integration of proper history
taking, careful clinical examination and investigations. Patients might face a period
of delay in establishing their diagnosis from weeks to months due to incomplete
or intermittent symptoms, defective/unaccomplished clinical/radiographic and
laboratory assessments particularly with early disease [20].

4. Patients’ journey to diagnosis

Symptomatic Un-resolving /progressive
A- General Practitioner

treatment symptoms
1* symptom Days Weeks months Rheumatologist
B- General Practitioner
Days weeks

Standard of care in rheumatoid arthritis aims at the following [21]:
* Establishing early diagnosis of RA.
¢ Identifying arthritis in need of treatment.

* Designing the ideal way to successfully initiate synthetic non biologic
DMARDS.

* Providing low remission rates with standard DMARDs.
¢ Identifying other potential therapeutic targets in aggressive disease.
* Ensuring availability and safety of biologic DMARDS.

* Providing standardized measures for patient assessment, follow-up and treat-
ment modulation.

The recently adopted American College of Rheumatology/European League
Against Rheumatism ACR/EULAR classification criteria were established in 2010
with the aim to identify patients with early inflammatory arthritis that is mostly
due to rheumatoid arthritis. They have been proposed by the faculty as classifica-
tion rather than diagnostic criteria to facilitate stratifying patients with similar
characteristics for clinical research studies particularly clinical trials with intent to
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treat. The development of diagnostic criteria for RA as other autoimmune disorders
is still challenged by inter/intra-individual variability and chances of misdiagnosis.
However, the current criteria might be used to inform diagnostic decision making in
clinical practice [22].

5. ACR/EULAR 2010 classification criteria for rheumatoid arthritis

The classification criteria proposed by the American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR) included clinical and sero-
logical variables that can be applied only to individuals with >1 swollen joint [22].

5.1]Joint involvement and distribution: 0-5 points

Any swollen or tender joint (excluding the distal interphalangeal joints of hands
and feet, the first metatarsophalangeal joints and the first carpometacarpal joints)
on clinical examination; additional evidence from MRI or ultrasonography may be
used to identify additional joints.

1large joint (shoulder, elbow, hip, knee or ankle): O points

2-10 large joints: 1 point

1-3 small joints (the metacarpophalangeal joint, the proximal interphalangeal
joint, the second to fifth metatarsophalangeal joints, the interphalangeal joint of the
thumb and the wrist): 2 points

4-10 small joints: 3 points

>10 joints (of which >1 is a small joint): 5 points

Additional small joints include the temporomandibular joint, sternoclavicular
joint, acromio-clavicular joint and others, as reasonably expected in RA.

5.2 Symptom duration: 0-1 points

This variable refers to the patient’s self-report on the maximum duration of signs
and symptoms of any joint that is clinically involved at the time of assessment.

<6 weeks: 0 points

>6 weeks: 1 point.

5.3 Serology (according to respective laboratory standards): 0-3 points

Negative for RF (equal or less than upper limit of normal) and negative for
ACPA: 0 points

Low-positive for RF (>1-3 times upper limit of normal) or low-positive for
ACPA: 2 points

High-positive for RF(>3 times upper limit of normal) or high-positive for ACPA:
3 points.

5.4 Acute-phase reactants (according to local laboratory standards): 0-1 points

Normal CRP (C-reactive protein) and ESR (erythrocyte sedimentation rate)
levels: 0 points

Abnormal CRP levels or abnormal ESR: 1 point

A score of >6 points is required for classification as definite rheumatoid
arthritis (RA).
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6. Disease activity scoring in rheumatoid arthritis

Scoring Formula Disease activity states

system Remission Low Moderate High
disease disease disease
activity activity activity

SDAI SJC28 + TJC28 + PGA + <33 >3.3-11 >11-26 >26

EGA + CRP
CDAI SJC28 + TJC28 + PGA + EGA <28 >2.8-10 >10-22 >22
DAS Complex formula including the <16 >1.6-2.4 >2.4-37 >3.7
Ritchie index, SJC44, ESR and GH
DAS28 Complex formula including the <26 >2.6-3.2 >3.2-51 >51
TJC28, SJC28, ESR (or CRP) and
GH

CDALI, Clinical Disease Activity Index; CRE, C-reactive protein (in SDAI in mg per dl); DAS, Disease Activity
Score; DAS28, DAS using 28-joint counts; EGA, Evaluator Global Assessment (on a 0-10 cm scale); ESR,
erythrocyte sedimentation vate; GH, global health (that is, patient global assessment); PGA, patient global
assessment (on a 0-10 cm scale); RA, rheumatoid avthritis; SDAI, Simplified Disease Activity Index; SJC, swollen
joint count (the number indicates the number of joints taken into account); TJC, tender joint count (the number
indicates the number of joints taken into account) [23-25].

7. Different definitions of remission
7.1 American Rheumatism Association

Five or more must be fulfilled for at least two consecutive months—morning
stiffness not exceeding 15 minutes—no fatigue—no joint pain (by history)—no joint
tenderness or pain on motion—no soft tissue swelling in joints or tendon sheaths—
ESR (W) < 30 mm/h (f); <20 mm/h (m) [26].

7.2 DAS/DAS 28 threshold for remission

For the DAS: Ritchie joint index and 44 swollen joint count with either ESR or

CRP versions, remission: <1.6
For the DAS28: 28 tender and swollen joint count with either ESR or CRP
versions, remission: <2.6 [27].

7.3 SDAI/CDAI remission

SDAI = (28TJC) + (28SJC) + MDGA + PtGA + CRP*
CDALI = (28TJC) + (28SJC) + MDGA + PtGA*
SDAI remission <3.3** x CDAI remission <2.8** [28, 29].

7.4 Boolean definitions

Depend on meeting a (low) level in each of a series of separate disease activity
measures Boolean-based definition at any time point, a patient must satisfy all of
the following—Tender Joint Count <1—Swollen Joint Count <1—CRP <1 mg/dL—
Patient Global Assessment <1 (on a 0-10 scale) [30].

7.5 ACR-EULAR 2011 definition of remission

e For clinical trials: Boolean—S]JC, TJS, PtGA, CRP all <1 or index-based—
SDAI <3.3 [30]
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* For clinical practice: Boolean—SJC, TJC, PtGA all <1 or index-based—CDAI
<2.8

Factors that contribute to poor prognosis in rheumatoid arthritis include the
following [25]:

* Persistently moderate or high disease activity despite conventional synthetic
DMARD (csDMARD) therapy according to composite measures including
joint counts.

* High acute phase reactant levels.

* High swollen joint count.

* Presence of RF and/or ACPA, especially at high levels.
* Presence of early erosions.

e Failure of two or more csDMARD:s.

8. The treat-to-target in rheumatoid arthritis

The treatment paradigm in rheumatoid arthritis has experienced a dramatic shift in
the latest two decades. Recently, the strategy changed from a treat to relief to a treat to
target. The current approaches in RA are concerned with early aggressive intervention
with one or more conventional or traditional synthetic DMARDs (cs/tsDMARDs) and/
or biologic DMARDs (bDMARD:s) either as mono or combination therapy, in addition
to symptomatic anti-inflammatory therapy (NSAIDs, low-dose prednisone). This tight
control policy aims to; normalize, sustain or maximize physical functionality via retar-
dation or arrest of joint damage. The treat-to-target is the currently established man-
agement approach in the international recommendations provided by ACR, EULAR
and the Asia Pacific League of Associations for Rheumatology [31, 32], Figure 3.

Recent update on the guidelines of management of rheumatoid arthritis as
provided by the EULAR European League Against Rheumatism in 2019 announcing
the following overarching principles [33]:

JAK STAT
Inhibitors

Co-stimulatory
molecules imhibitors

B-Lymphocytes Depleting
Agents

Anti Interleukin-6
Anti Interleukin-1
Anti TumorNecrosis Factor Therapy

Basic Disease Modifying Anti Rheumatic Drugs

Figure 3.
Identified synthetic and biologic disease modifying anti-rheumatic drugs in rheumatoid arthritis.

9



Rheumatoid Arthritis - Other Perspectives towards a Better Practice

* Treatment of patients with RA should target the best care and must be based

on a shared decision between the RA patient and the rheumatologist.

* Disease activity, structural damage, patient safety, and other comorbidities,

including the risk for thromboembolism must be considered when prescribing
treatment.

* Rheumatologists are responsible for the primary care of the patient as they

possess the optimal depth and breadth of experience regarding the use of all
types of DMARDs, including efficacy, outcomes, risk assessment and knowl-
edge of comorbidities.

* The heterogeneous nature of rheumatoid arthritis mandates patients’ access

to effective disease modifying anti-rheumatic drugs with successful multiple
mechanisms of action.

* RA incurs high individual, medical and societal costs, should be considered

while prescribing therapy by the rheumatologist.

8.1 EULAR 2019 recommendations

In 2019 the EULAR taskforce stated a number of updated recommendations

emphasizing the strategy to start DMARDs therapy as soon as the diagnosis of RA is
made. These recommendations included [33]:

10

* Treatment should be aimed at reaching a target of sustained remission or low

disease activity in every patient. Adopted definitions for disease activity states
assessment and therapy include: (a) remission ACR-EULAR remission defini-
tion—Boolean or index based, (b) low disease activity state according to any of
the validated composite disease activity measures that include joint counts moder-
ate and high disease activity, and (c) respective disease activity state according to
any of the validated composite disease activity measures that include joint counts.

* Monitoring should be frequent in active disease (every 1-3 months); if there is

no improvement by at most 3 months after the start of treatment or the target
has not been reached by 6 months, therapy should be adjusted.

* Methotrexate MTX should be part of the first treatment strategy—the anchor

drug.

* In patients with a contraindication to MTX (or early intolerance), leflunomide

or sulfasalazine should be considered as part of the (first) treatment strategy.

* Short-term glucocorticoids should be considered when initiating or chang-

ing csDMARDs, in different dose regimens and routes of administration, but
should be tapered as rapidly as clinically feasible.

* If the treatment target is not achieved with the first sDMARD strategy, in the

absence of poor prognostic factors, other csDMARDs should be considered.

o If the treatment target is not achieved with the first sDMARD strategy, when and

poor prognostic factors are present, a bDMARD or a tsDMARD should be added.

* Biologic DMARDs and traditional synthetic DMARDs (tsDMARDs) should

be combined with a csDMARD; in patients who cannot use csDMARDs as
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comedication, IL-6 pathway inhibitors and tsDMARDs may have some advan-
tages compared with other bDMARDs.

If abDMARDSs or tsDMARD:s has failed, treatment with another b DMARDY¥
or a tsDMARDY should be considered; if one TNF inhibitor therapy has failed,
patients may receive an agent with another mode of action or a second TNF
inhibitor.

If a patient is in persistent remission after having tapered glucocorticoids, one
can consider tapering bDMARDs or tsDMARDs, especially if this treatment is
combined with a csDMARD.

If a patient is in persistent remission, tapering the csDMARD could be
considered.

9. Summary

Establish early diagnosis of rheumatoid arthritis.
Identify patients with arthritis in need for treatment.
Arrange for evidence-based management.

Apply aggressive measures to target disease.

Apply standardized measures for assessment of disease activity, functional
assessment, patient and physician global assessment.

Tailoring of therapy with potential consideration of patient safety, comorbidi-
ties and costs.
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Abstract

Rheumatoid arthritis (RA) is a chronic, inflammatory joint disease that can lead
to irreversible disability. It affects women in a higher proportion than men (3:1
cases). Several reports suggest a link between female sexual hormones (estrogens)
and RA features. It’s been described that biological processes where basal estrogen
levels are altered like in menstruation, pregnancy, and menopause modifies RA
onset, flare, disease severity, and inflammation. Estrogens have a direct action upon
the immune system though ERa and ERp receptors, which have distinct affinity to
estrogen concentrations and modifications and have effects upon RA in a dose and
receptor dependent manner. The studies focused on dose dependent response at
experimental settings reveal a wide (from 25 pg/L to several pg/L) and even con-
tradictory spectrum of effects in patients and cells. This chapter summarizes the
contributions and effects of estrogens in RA physiopathology, clinical features, and
discusses the possible contributions of estrogen administration and concentration of
hormone replacement therapy (HRT) to improve the quality of life and reduce the
symptoms of RA patients based on the knowledge of the biology of these hormones.

Keywords: rheumatoid arthritis, physiopathology, immune function, estrogen

1. The RA-gender-hormones link

Rheumatoid arthritis (RA) is defined as a chronic, inflammatory joint disease
that without effective and timely treatment can lead to irreversible disability by
cumulative joint damage. This autoimmune disease is characterized in most cases by
autoantibodies against immunoglobulin G (RF) and citrullinated proteins (ACPAs)
[1-3]. The alterations in the immune response is only one face of the disease since it
has been described as a heterogeneous disease [4, 5]. This is supported by the wide
variation in responsiveness to different rheumatic treatments [6]. Research suggests
this might be due to variations in the distribution/expression of estrogen receptors
(ERs) in immune cells; ERs often bind to promoter regions in the DNA associated
with transcription factors (e.g., NF-xB, SP1, AP-1, C/EBPb) that are important for
immune cell function [7].
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Phase Sub phase Estrogen concentration [E2] pg/ml
Ovulation Early follicular 30-100 pg/ml
Late follicular 100-400 pg/ml
Luteal Phase 60-150 pg/ml
Pregnancy 1 semester 188-2497 pg/ml
2 semester 1278-7197 pg/ml
3 Semester 6137-3460 pg/ml
Postpartum Lactation 35.9-54.4 pg/ml
No lactation 97.10 pg/ml
Weaning 81.6 pg/ml
Table 1.

Average levels of estrogens on distinct phases of the reproductive cycle.

The relation of immune response and estrogens in RA began with the observa-
tion of S. Hench in 1938, where he found pregnancy ameliorated RA, this was the
basis for the formulation of his hypothesis sustaining that hormone deficiency could
lead to the development of RA, but at that moment, he hypothesized adrenal
insufficiency as the responsible of RA pathogenesis [8]. Furthermore, administra-
tion of corticosteroids was prescribed for RA patients and the results of the therapy
were considered “a miracle cure for RA,” but in the case of women, the regulation
of adrenal glands seems to be only a part of the therapy. Other studies demonstrate
that sexual hormones seem to have a very important role in RA pathogenesis. For
example, in vitro studies demonstrated that the achieved concentrations of cortisol
do not affect inflammatory cell function, as did the serum of pregnant women,
which is rich in sexual hormones. Also the corticosteroid levels return to normality
3 days after delivery, which does not coincide with the pattern of rheumatoid
arthritis relapse, common after the third month of delivery [9]. This antecedent
opened a new field of study focused on hormones and RA. When concentrations of
hormones were analyzed in synovial fluid, a correlation was found in this tissue
including, dehydroepiandrosterone (DHEA) which levels are inversely correlated
with disease severity and associated with autoimmunity [10, 11] and
corticotrophin-releasing hormone (CRH) which levels remain constant in synovial
fluids and tissues from RA patients despite the steroid treatment [12]. The
dysregulated production of estrogen levels in RA is not exclusive of women; higher
estradiol (E2) concentrations and decreased androgen levels have been found in
women and men synovia [13]. These concentrations are correlated with those
measured in serum in 66% of the patients (14 of 21 patients). The estradiol mean
concentrations was 38.25-9.74 pg/ml in serum and 18.83-5.70 pg/ml in synovia;
these concentrations showed a positive correlation (R = 0.79, P < 0.0003) [13-15].

Fluctuations in estrogen levels appear to remarkably impact immunologic pro-
file. Estrogen concentration during lactation is slightly low compared to normal
levels (35.9-54.4 pg/ml vs. 63.3-216 pg/ml) upon the normal higher levels (100-
400 pg/ml in the late follicular stage) (Table 1); together, prolactin and estrogen
levels could lead to a change in immune response [16, 17].

2. Prevalence, incidence, and severity of RA in women

Autoimmune diseases affect approximately 8% of the population, out of this
percentage 78% are women [18, 19] and for the specific case of RA, the proportion
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is 3 to 1 compared to men [20, 21]. Also, RA is much more severe in women
compared to men (Table 2). For example, in a multiple logistic regression analysis
for all point and period remissions, male gender seemed to be a strong predictor of
remission; for women, the frequency of remission at 18, 24, and 60 months was
30.4, 32.1, and 30.8%, respectively; meanwhile for men, the remission rate was
41.7, 48.0, and 52.4% [22]. Additionally, in another study from a total of 1709 RA
patients, (77% female) women had a longer disease duration (P < 0.001) despite
the fact that at baseline, women had a lower frequency of anti-CCP positivity

(P = 0.03) and lower CRP (P < 0.001), and at 12 months, men achieved remission
more frequently (18% vs. 12%, P = 0.045) compared to women [23].

The estrogen dysregulation has been associated with disease severity and accel-
eration of lumbar facet joint damage in arthritis [25, 26]. Added to this, some
disorders of the reproductive system seem to increase the risk to develop RA, for
example, physician-diagnosed polycystic ovary syndrome (RR 2.58; 95% CI, 1.06-
6.30) and endometriosis (RR 1.72; 95% CI, 0.93-3.18) [27, 28]. Suggesting an
important role of sex hormones and menstrual cycle regulation as risk factors
associated with autoimmune diseases.

These differences could be attributed to the fact that women respond after
immunization with a more exacerbated antibody production and an increase in cell-
mediated responses. Thus, female patients show higher CD4+ T-cell counts, higher
levels of IgM, and T-helper 1 (Th1) cytokine production [29]. This suggests that
differences in immune response could be mediated by the hormonal ratios observed
during pregnancy and postpartum in women with RA.

There is an increased risk of RA worsening or new onset of disease especially
after the first trimester postpartum (Table 3), where several immune and hormonal
changes are detected like: elevation of monocyte-related transcripts [30], decrease
in corticosteroids, estrogen, progesterone, IL-4, IL-10, and humoral immunity, and
increase of TNF-a and IFN-y [31]. These postpartum flares occur within the first
4 months in most patients with chronic RA [32, 33], even a 62% had more affected
joints at postpartum; these results were similar when the analysis was restricted to
tender joints only [32]. Aggravation of disease activity (in 6 of 9 patients with RA)

Reference  Year Featuresmen Features women Main findings

BARFOT 2007 DAS28 =5.09 DAS285.37 Women had a much lower remission rate
[22] CRP 27 CRP 18 than men, although their disease activity
before treatment seemed similar
AIR 2014 DAS28 =5.6 DAS28 5.6 At 12 months, men achieved remission more
[23] CRP 32 CRP 28 frequently (18% vs. 12%, P = 0.045). In anti-
ERS 34 ERS 33 TNF failure, remission rates were higher in
CCP positives  CCP positives men than in women
80.7% 74.7%
QUEST RA 2009 DAS28 =3.8 DAS28 4.3 30% of men and 17% of women in QUEST-
n = 6400 ESR 23 ESR 30 RA were in DAS28 remission
[24] HAQ = 0.8 HAQ =11
AIR 2014 Lower frequency  Female had longer disease duration
n = 1709 of anti-CCP At 12 months, men achieved remission more
[23] (P =0.03) frequently (18% vs. 12%, P = 0.045)
Lower CRP (P
< 0.001)
Table 2.

Baseline and remission characteristics of RA in men vs. women: compavison of different clinical chavacteristics
of female RA patients compared to male RA patients and the difference in remission rates documented on
various studies.
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Reference Period evaluated after delivery Percentage/fold increase of RA
(months) onset
Oka [35] <6 9.7%
6.12 2.7%
Del Junco et al. [36] N.E. 5 fold
Nelson et al. [37] <6 9.7%
lijima et al. [33] 12 0.08%
Silman et al. [38] 3 5 fold onset
Ostensen et al. [34] 3-6 66.6%
Table 3.

Percentage of healthy subjects who presented RA onset after delivery or post-partum.

was detected at 6 and 12 weeks postpartum as a progressive decrease in leucocyte
counts and increased CPR, whose levels where normal during pregnancy [34].

In the “Pregnancy induced Amelioration of Rheumatoid Arthritis” (PARA) study,
118 patients were followed up until 26 weeks postpartum and levels of autoanti-
bodies anti-CCP, IgM-RF, IgG-RF, and IgA-RF were measured. The median levels
of autoantibodies during pregnancy were stable and declined postpartum. When
hemodilution was taken into account, an increase in the levels of antibodies explains
the symptom onset as well as the start of symptoms due to inflammatory processes
directly related to immunoglobulin actions [8].

These dramatic postpartum changes can explain why there is a three to fivefold
increased risk of onset during the first 3 months postpartum, with the highest risk
being after a first pregnancy [38], in the cohort of lijima composed by 2547 patients,
and the same results were obtained [33]. The available studies on pregnancies in
women with RA suggest that outcomes are worse than in the general population [39].

Such RA onset coincides with hormonal changes in the postpartum period, and
only the changes during postpartum contribute to RA. During breastfeeding pro-
lactin [40] by itself increases the antibody production and pro-inflammatory cyto-
kines [41] and after the first pregnancy the risk of RA increases several times [42].
An additional link between sex-hormones and increased risk of RA come from data
showing that the administration of drugs for lactation suppression which mainly are
high-dose estrogens, increased risk of RA development [26]. Given that several
cytokines are regulated by estrogens, so a decrease in this hormone could be
responsible for flare and disease onset as it contributes to the activation of the
immune system necessary for the delivery [43].

Estrogen seems to orchestrate several key features of the immune response and
may be a critical factor in the incidence and severity of the disease in women. Small
variations in estrogen concentration can have a very wide range of effects, even
some of them could be opposite even when they are provoked by the same molecule.

3. Influence of reproductive cycle hormones and their role in RA
immune response
3.1 Arthritis and menstruation

Since 1980, it was noted that young women with rheumatoid arthritis (RA)
report an exacerbation of symptoms just before or at the time of menstruation, it
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could possibly be related to “premenstrual tension syndrome” and alteration in pain
perception [44], but in a study where only objective measures of disease activity
were measured, a significant cyclical change in finger joint size (FJS) was seen in

4 of 7 patients with RA, with all peaks occurring within 6 days of the start of
menstruation [45] while on contrary, the morning stiffness was reduced during the
post-ovulatory phase where estrogen and progesterone are high [46], indicating
that this worsening of symptoms might be related to variations in hormone levels
[47]. Based on this evidence, a relation between low levels of estrogen (at luteal
phase) can correspond to enhancement of RA symptoms. Contrary to what occurs
on pregnancy, where high estrogen levels seem to have a protective effect. Until
now there is no follow up study available to display the effect of cyclical variations
in estrogen levels and symptoms severity in RA patients.

3.2 Arthritis and pregnancy

As stated previously, the relationship of RA onset and sex hormones has been
widely studied. This phenomena was described first 80 years ago [8] and was
noticed that pregnant patients with RA usually go into remission [48] in a 20-40%
by the third trimester and 50% had low disease activity [49]. Prospective studies
have shown that only 48-66% of women with RA experience improvement in
pregnancy, with 20% becoming quiescent by the third trimester and 16% in com-
plete remission (no joints with active disease without therapy) [32, 50].

It has been hypothesized that estradiol might be the principal regulator of
immune response during pregnancy, nevertheless other estrogens might be impli-
cated in this immune regulation, as an example we can cite estriol (E3) which is
mainly produced during pregnancy [51, 52], and estetrol (E4) is synthesized exclu-
sively by the fetal liver during pregnancy being able to reach the maternal circula-
tion through the placenta [53]; thus, these two estrogens, specifically E4 could have
an important role in the immune regulation during pregnancy; nevertheless, there is
scarce information about its possible function during pregnancy.

A shift from a Th1/Th17 pro-inflammatory response to a Th2/Treg response has
been observed in pregnancy [54, 55]. This could explain the decrease of IL-2 during
pregnancy, while soluble TNF receptor, p55 and p75, increases [56]. The role of the
immune system in pregnancy is very important. It has been observed that a deple-
tion of immune cells can cause the termination of the pregnancy. Nevertheless, it is
not very clear how such changes in T helper cell function could impact the implan-
tation process. It has been suggested that the response could be induced by tropho-
blastic cells that can secrete IL-6, IL-8, MCP-1, and GRO-a, early in pregnancy [43].

During the first trimester, NK cells, dendritic cells, macrophages, and regulatory
T cells (Treg) infiltrate the decidua and accumulate around the trophoblastic cells
[57-59]. This regulation of the immune response could be the cause beneath the
clinical improvement observed in RA during pregnancy.

3.3 Menopause and arthritis

RA onset is common in the peri-menopausal age, which is not the case with SLE
[60] and while hormone replace therapy (HRT) is proposed as therapy for women
with RA, OCP and postmenopausal hormones significantly increased the risk of SLE
[61]. Also, there is an inverse trend for RA incidence when women reach meno-
pause after 51 years compared to those who reach menopause before 45 years of age.
This is consistent with a decline in the production of sex hormones and suggesting
that changes in immune regulation due to the availability of estrogen receptors in
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immune cells and circulating estrogens might also have an effect on RA onset on
these late menopausal women [26].

4. Molecular aspects of estrogen effects in immune response
4.1 Regulation by estrogen receptors

ERa (NR3A1) and ERP (NR3A2) that are encoded by ESR-1 and ESR-2 genes
expressed on human chromosomes 6 and 14, respectively [62]. It is estimated
that both receptors regulate 40% of the genes in cell line U20S [63], but despite
both are estrogen receptors (ERs), ERa and ERP microarray analysis had demon-
strated that they regulate different genes [7, 64, 65]. The activation of one or other
of these ERs has specific effects in distinct, non-overlapping or even antagonist
effects determined by factors like distribution, expression, dimerization, splice
variant ER isoforms, signaling pathways triggered, physiological stage, and interac-
tion with specific co-activators/—repressors [62]. One example of the distribution
of these receptors is given in T lymphocytes, CD4+ cells which have higher ERa
levels, B cells have higher ERp expression than ERa and CD8+ cells have lower
expression of both receptors [66], murine splenic DCs express ERa but has negligi-
ble ERp expression and bone marrow-derived and peritoneal macrophages also
express ERa and few if any ERp [67, 68], so given the expression, lower or higher
concentrations of estrogens will be needed to activate the receptors with the lowest
expression [69].

In general terms, the effect of ERa on the immune system is more prominent
than ERP due to regulating multiple NF-kB pathway members to control cytokine
responses. This, given that ERs are ligand-dependent transcription factors that
mediate long-range chromatin interactions and form complexes at gene regulatory
elements, thus promoting epigenetic changes and transcription [70]. Also, its pro-
motion of strong antigen-specific Th1 cell responses was demonstrated in ERa-
deficient mice where E2 effects on Th1 responses were not observed [71], apart
from but this receptor is not only delimited to the cells at periphery, its expression
seems to have effects in the thymus and spleen since deletion of ERa led to
hypoplasia of both organs and contribute to the increased frequency of immature
CD4 + CD8+ thymocytes and decreased CD4 + CD8— cells [72].

4.2 Estrogen dose and receptor dependent effects

As mentioned previously, estrogen receptors (ER) are expressed in the immune
cells; TagMan RT-PCR analyses indicate that in CD4 + T-helper cells express higher
concentrations of ERa, B cells ERp, and CD8+ T cells; monocytes express both ERs
at lower concentrations [66]; this proportion is important because despite both
receptors are present in all PBMCs, the functions elicited by their activation vary
depending on the proportion of each receptor on such cells. A wider description of
such differential effects is made for several cell types:

T cells: CD4+ T responds to E2 administration at low physiological levels (of
60-100 pg/ml in castrated female mice) increasing antigen specific responses,
production of IFNy and IL2 as well as inducing FoxP3 positive Treg cell differenti-
ation [71, 73-75]. During the reproductive cycle CD4+, T cells increase on preovu-
latory (late follicular) [76], decrease in the luteal phase (60-150 pg/ml) compared
to the early follicular phase (30-100 pg/mL) [77] and increased in the first trimester
of pregnancy (8.9%, vs. 4.4% of controls) and 6-8 weeks following delivery [78].
Regarding CD8+ T cells, there is not much evidence, in models of collagen-II induce
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RA, CD8+, lymphocytes were significantly diminished in the spleen of the estradiol-
treated animals and were suppressed in the thymus [79].

Fibroblast-like synoviocytes: on FLS (Figure 1), estrogens induce an increase
of MMP invasion of cartilage when these cells were transfected with ERa, thus
estrogen levels can influence joint erosion degradation of extracellular matrix [80].
Regarding this antecedent, an increase in hormonal levels at synovia could
influence cytokine levels but it is not clear if the effects of estrogen upon certain
cytokines like TNF-a, IL-10, and IL-6 are unidirectional or could be an initial trigger
of aromatase activity. For example, TNF-a, IL-1, and IL-6 stimulate fibroblast
aromatase activity in a dose-dependent manner; the aromatase enzyme complex
is involved in the peripheral conversion of androgens (testosterone and
androstenedione) to estrogens (estrone and estradiol, respectively) [81].

B cells: concentrations of E2 ranging 75 pg/ml or above activate ERs, leading to
an upregulation of CD22, SHP-1, BCL-2, and V-CAM-1. This can alter the survival
of immature B cells that would normally be deleted [82]. Also a decrease in transi-
tional B cells and increased marginal zone B cells [83] has been observed. In the
presence of estrogen, BAFF increased its expression by 5-fold, but this characteristic
was more pronounced in cells isolated from women than in those from man [84].
An overexpression of BAFF in transgenic mice leads to manifestations of autoim-
mune disease [85], and similar BAFF increase has been reported in the serum of
patients with RA, [86] even at early stages of RA and correlates with the titers of
IgM rheumatoid factor and anti-cyclic citrullinated peptide autoantibody (R = 0.76
and R = 0.49) [87]. It has been hypothesized that high levels of estrogens during
pregnancy could prevent B cell apoptosis and therefore enhance survival of
autoreactive cells [88]. Implications of estrogen signaling on auto reactive B cell
expansion and autoantibodies production have not been evaluated in the clinical
setting.
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E2 cell receptors in different cell populations: different effects of estrogen concentrations upon estrogen receptors
ER-a and ER-f present on each cell. Left: receptors and cells were they are present. Horizontal ved arrow:
gradient of estrogen concentrations. Blue arrows: decrease of an effect by estrogen concentration. Red arrows:
increase of an effect by estrogen concentrations. This is an original image made explicitly for this publication
and not subject to copyright.
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Another field with scarce exploration and understudied outcome of the estrogen
therapy on RA is the modification and decrease of autoantibodies by estrogen
action. This novel mechanism is not clearly elucidated and a lot of investigation in
this topic is needed, but the little existing evidence demonstrate that estrogens can
influence antibodies production and activity by modification of glycosylation of
antibodies like galactosylation of human IgG in healthy individuals [89]. The
changes in immunogenesis of antibodies by estrogens was demonstrated in an
experiment were the induction of anti-C11 autoantibodies was measured, lower
anti-C11 levels were observed in the estrogen treated group as compared with their
controls [90]. The same behavior was observed by Nielsen et al. [91] and further
investigations demonstrated than on CIA models sustained levels of 0.36 mg of
estradiol (comparable to estrus phase) had similar quantities of IgG anti-CII anti-
bodies than controls but have not developed RA, this was due to the different Ig
subclasses. Estradiol-treated mice produced more IgG1, and mice from the placebo
group produced significantly higher levels of IgG3 [92]. Other changes that estro-
gens induce in autoantibodies are an increase in sialylation, which has been
observed during pregnancy and within 3 months post-delivery (when RA risk is
presumably higher) [93]. Antibodies sialylation affects inflammation; in the case of
RA, the transition from preclinical asymptomatic autoimmunity to clinical phases is
associated with a change in the sialylation of antibodies [94-96]. Changes in
sialylation by estrogens have been explored already in RA patients. E2 treatment
increases sialylation on postmenopausal RA women [97], so taken together if E2
induces anti-inflammatory IgG by inducing St6Gall expression in antibody-
producing cells [98].

4.3 Estrogen effects: dependency on concentration and chemical modifications

Estrogen concentration: it seems to exist a cut-off point in the concentration of
estrogens that determine different effects, because sensitivity of receptors even at
sub physiological concentrations of estrogens. For example, in a model of collagen-
induced arthritis (CIA) in female mice, after type II collagen (CII) immunization
those treated with the ER antagonist ICI 182,780 (which binds to both ERa and ERf
but not to the surface receptor) doses that insufficient to block estrus cycle, were
sufficient for block the E3-mediated suppression of CIA [99, 100]. On the range of
higher concentrations, estradiol (E2) can inhibit the production of pro-
inflammatory cytokines, like TNF-a, (IL)-1 §, and IL-6 and induce anti-
inflammatory cytokines such as IL-4, IL-10, and TGF-f (Th2 phenotype). On the
contrary, low concentration of E2 stimulates TNF, INF-y, and IL-1 f§ production and
exerts an inhibitor effect on NK cells [101, 102]. In brain tissue, it was demonstrated
that 2-OH-estradiol protects neurons from oxidative stress at nanomolar concen-
trations (10 nmol/L) but 17-p-estradiol showed oxidative effects only at micromolar
concentrations (1-10 pmol/L); these concentrations were in the order of magnitude
expected to activate their receptors (10-1000 nmol/L) demonstrating that physio-
logical levels of estradiol may protect through receptor-dependent mechanisms
from mitochondrial ROS, whereas higher concentrations may act through indepen-
dent ER mechanisms [103]. This wide range of dose dependent effects could sug-
gest us that a difference exists in the actions of estrogens between reproductive
organs and its effects in the immune system. With respect to pro inflammatory
cytokines such as TNF-off IL-1 and IL-6, estrogen effects seem to be bimodal where
pharmacological concentrations (Table 3) of 50,000-100,000 pg/ml (equivalent to
100 pg/L or 10~° M) decrease or inhibit the cytokine production and physiological
concentrations of 5000 pg/ml increase cytokine production [104, 105]; this agree
with other results where macrophages treated with doses of 0.001-100 nM
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(107° M) equivalent to therapeutic concentrations of estradiol for 24 reduced LPS-
induced TNF-a production [106]. Despite all evidence there is no clear explanation
about how estrogens (estradiol or estriol) interfere in the clinical outcomes and
immune response in RA depending on ERa/ERp or evidence of the effects associ-
ated to a certain dose range. This could be useful for the development of more
selective ERa or ER agonists and antagonists.

Estrogen chemical modifications: as mentioned before, a correlation exists
between estrogen concentration in synovial fluid and serum estrogens (R = 0.79, P
< 0.0003), and concentration of free estrogens (E2) is higher in RA as compared to
controls [13-15]. Therefore, measured estrogen concentration in synovia could
reflect a general overview of estrogen body concentrations. There is a significantly
higher level of androstenedione (a precursor of estrone and estradiol) in synovial
fluid of RA patients as estrone (E1), suggesting that these higher levels are the result
of an elevated activity of aromatase [14]. Available steroid pre-hormones are rapidly
converted to estrogens, which seems to have pro-inflammatory activity in the
synovial tissue. When analyzed more in detail, it was found that increased estrogen
concentrations in RA synovial fluid (in women as in men) were 16a-hydroxyestrone
and 4-hydroxyestradiol (hydroxylated forms), while the estrone levels were
detected increased on RA patients, the 2-hydroxyestrone showed no differences
comparing RA vs. healthy controls [14], and depending on its modifications, estro-
gens can trigger very different effect in the body. For example, the hydroxylated
forms of estradiol, 160H-E2 and 20H-E2 enhance the proliferation of THP-1
(Figure 2) monocytes at high concentrations (10~° M). Meanwhile, the hydroxy-
lated estrones 40H-E1 and 20H-E1 enhance cell proliferation at low concentration
(10719 M), [107], which are inhibited by antiestrogen drugs [108], except for
20H-E1, which still induced proliferative effect (1071° M) [107]. In some cases,
estrogens produce the same affect but have different target cells in a dose dependent
manner because of the proportion of expression of ERs; E2 and endocrine disrupting
chemicals (EDCs) affect cell mutagenesis through ERa. At 10-8 M is observed an
inhibition on the mitogenesis of B cells and at 10-6 M in T cells. For the EDCs
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Figure 2.

Estrogen modifications and concentrations: image showing the differences between the effects depending of the
estrogen modifications. Activity of different estrogen modifications upon proliferation of THP-1 cells and
concentrations needed for achieve the effect. Green lines: increase in proliferation. Red lines: decrease in
proliferation. This is an oviginal image made explicitly for this publication and not subject to copyright.
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(diethylstilbestrol, bisphenol-A, p-nonylphenol, and di-2-ethylhexylphthalate), the
concentrations needed for this effect were higher, from 10 to 6 to 10-5 M [69].

5. Estrogens and their possible ameliorative effect upon arthritis:
therapeutic approach

Given the previously displayed effects of estrogens on the immune system and
in RA, it is natural to suppose that a hormone therapy could have certain effects
upon the disease but, the studies exploring this possibility are scarce. Three major
considerations have been identified as roadblock for such research to be conducted:
(1) cut-off point in estrogen levels determining the effects of this molecule on the
immune system, (2) the various effects of the same molecule at different concen-
trations lead to different effects depending ERax or ERp receptor, and (3) effects
dependent of the chemical modification (hydroxylation) of estrogens.

The hypothesis that hormonal therapy could ameliorate RA arises from the
evidence of reported improvement in multiple pregnancies and contraceptive use
[109], but this evidence became more solid when the estrogen at physiological
levels administration in models of type II collagen-induced arthritis model (CIA)
ameliorated arthritis and suppressed T-cell-dependent autoimmune reactions
[52, 90]. In this experiment, female mice were implanted with E2 release devices,
which induced a chronic estrous phase, the high doses of E2 caused a 35-day delay
of the onset of RA disease but without affecting frequency and severity; this delay
was reduced to 10 days with lower E2 concentrations of 25 days with physiological
E3 proved to be as efficient as the high dose E2 causing a 25 day delay [90]. E3
seems to have more pronounced effects than E2; this estrogen E3 is mainly pro-
duced in pregnancy [51, 52]. In EAE models, it seems that the estrogen-mediated
protection is dependent upon ERa. For example in EAE homozygous ERaKO
treated with estriol, no protective effect was registered, while WT mice presented a
significant decrease in disease severity and significant reductions in pro inflamma-
tory cytokines TNF, IFNy, IL-2, and an increase in levels of the Th2 cytokine IL-5
[110]. The effect of estrogens at interact with ERa receptor is not only limited to the
immune response; in murine ovariectomized mice with estrogen treatment by
pellet implantation, a dramatic increase in bone mass was observed. This was
mediated by ERa-mediated apoptosis of osteoclasts through activating FasL/Fas
signaling [111]. This could be an indicator that similar protective effects of estro-
gens may be present in immune cells due to the expression of ERa in CD4 + T
lymphocytes.

Estrogens have been demonstrated to have anti-inflammatory activity. In CIA
models, estrogen supplementation reduced paw inflammation efficiently and
decreased paw volume by 48% (P < 0-01) [91], but we need to be aware that the
activity of several estrogens (E1, E2, E3, and E4) is different and it depends not only
on the hormone itself but also by the specific disease or even the specific clinical
profile of the patient that is taking them. 2-methoxyestradiol on CIA model
(20 days after the injection of type II collagen) produce a significant decrease in the
arthritis index compared with that in the control mice (P < 0.05) despite it was not
as efficient as estradiol [112]. Despite this is the most tested estrogen among studies
for its effect in RA, Estradiol E2, in clinical applications, shows several side effects
such as: hypertension, increased coagulation, and cancer incidence but a feature
that both share is that they are protective in experimental autoimmune encephalo-
myelitis (EAE) and CIA [113].

The clinical data available is scarce and most of the available trials only evaluate
the protective effect of OCP (oral contraceptive pill) and hormone replacement
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therapy (HRP) for RA. In a study of association between postmenopausal hormone
therapy (PMH) use and the risk of rheumatoid arthritis (RA) in a subset of the
Epidemiological Investigation of RA (EIRA) study, the users of PMH had a
decreased risk of ACPA-positive RA compared with never users, mainly with a
combined therapy (estrogen plus progestagens), they propose that PMH use might
reduce the risk of ACPA-positive RA in post-menopausal women over 50 years of
age, but not of ACPA-negative RA [114].

Regarding the role of OCP use in RA, there is a theory which explains that recent
decrease in incidence of RA in women in the past 50 years may be in part due to
increased use of the OCP, even when may be confounded by OC use being related
to pregnancy avoidance and high social class [115]. During a 14 month period,
23,000 women who were using oral contraceptives were recruited, and a similar
number of those who had never used OCP as controls and evaluated every 6 month
intervals. Patients were classified as “current user,” “former user,” and “never
user.” The cases were categorized according to the woman’s contraceptive status at
the time of RA diagnosis (event). The trend for former users was x2 = 5.7, (p
< 0.02) and for the never users 2 = 15.0, (p < 0.01) but the current users 2 = 0-85,
(p > 005) and for those who were aged 40-44 years at diagnosis had a significantly
lower risk of rheumatoid arthritis than similarly aged never users (relative risk
0.29). At the end of the follow-up, women who were using the pill at the time of
diagnosis had a statistically non-significant 20% reduction in their risk of rheuma-
toid arthritis but early in the study current users had a significant 50% risk reduc-
tion [116]. The same cohort was classified in groups of “takers” and “never takers”
and was analyzed too for the incidence of RA. The standardized rate for takers was
49% of the control rate (p < 0.01) and resulted interesting an observed tendency
for an increased incidence of RA forward 35 years; this tendency was conserved
only in the group of “never takers” and suppressed in the takers [117].

win the Swedish EIRA study (population-based case-control) including 2641 cases
and 4251 controls participants were questioned about OCP (oral contraceptive pill) full
term need to be mentioned consumption, and potential confounders in order to calcu-
late the ORs adjusted for age, residential area, smoking, and alcohol consumption.
Compared with never users, the OCP users had a decreased risk of ACPA-positive RA
(OR = 0.84) (95% CI 0.74-0.96) compared to the never users. Also the consumption
for more than 7 years decreased the risk of both ACPA-positive (p = 0.0037) and
ACPA-negative RA (p = 0.0356) compared to never users of OCP [118].

Most of the studies agree that the current or ever use of the OCP has a protective
effect against RA, probably more delaying the onset rather than a preventing RA.
But until now there is not a final conclusion because even the meta-analysis results
are contradictory. In the meta-analysis of six case-control and three longitudinal
studies, the overall pooled odds ratio of the studies was 0.73 for the adjusted results
(95% CI 0.61-0.85) with the conclusion that OCP consumption prevents the pro-
gression to severe disease by modifying the disease process [119]. On the contrary in
a meta-analysis performed by Qi et al. in 2014, the authors identified 1116 publica-
tions in PubMed and EMBASE databases. The meta-analysis of 12 case-control and 5
cohort studies were analyzed. Potential publication bias was evaluated using Begg’s
funnel plots and quantified by the Egger’s test, as a sensitivity analysis was
performed to investigate the influence of potential confounding factors like age,
smoking, parity/pregnancy, body mass index, and social class on risk of develop RA.
Here, no statistically significant association was observed between oral contracep-
tives and RA risk (RR = 0.88, 95% CI = 0.75-1.03) concluding that OCP consump-
tion was not significantly associated with RA risk [120].

HRT (hormone replacement therapy) has been studied in regard to RA new-
onset. On a study in a prospective cohort of 31,336 Iowa women (from 55 to
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69 years) followed up during 11 years, 158 incident cases of RA were registered. Of
the factors that showed an inverse association with RA, the authors identified preg-
nancy (P trend =0.01) and age at menopause (P trend =0.03), whereas polycystic
ovary syndrome (relative risk [RR], 2.58; 95% confidence interval [CI], 1.06-6.30),
endometriosis (RR, 1.72; 95% CI, 0.93-3.18), and hormone replacement therapy (RR,
1.47; 95% CI, 1.04-2.06) were positively associated with RA. If HRT is administered
before RA is associated with a higher risk of developing the disease, studies suggest
that when HRT is administered during RA, they have a favorable effect. In 88
postmenopausal women with RA who received HRT, vitamin D3, and calcium sup-
plementation or vitamin D3 and calcium supplementation alone for 2 years, HRT use
had a significant effect upon active RA, ameliorating effects on inflammation (ESR

p = 0.025) DAS28 (p = 0.036) and was associated with slower progression of radio-
logical joint destruction (p = 0.026) [121]. The continuous hormonal therapy given to
suppress menstruation for regulation of menstrual bleeding, pelvic pain, and
dysmenorrhea seems to have demonstrated improvement in RA [122].

6. Novel hormone analogs in RA

Recently, novel hormone analogs have been developed. ERB-041 is a selective ERf
agonist and has showed interesting effects in several inflammatory rodent models,
including endometriosis, rheumatoid arthritis, inflammatory bowel, and sepsis
[123, 124] where a strong effect on reduction of inflammation was observed. This
selective effect was the antecedent for the development of other ERP agonists like
MF101 [125] that could be useful to modulate the inflammation and cytokine pro-
duction in RA. No clinical trial data on these molecules have been published so far.

7. Conclusions

Given the higher prevalence of RA cases that occur in women, is natural to suspect
that such differences are due to sexual hormones, specifically estrogens, which have
been explored as part of pathophysiology, development, and progression of RA
disease. Antecedents point to estrogens as strong modulators of immune response and
function associated to RA. The role that sex hormones play in the development, cell
activation, and alterations in immune function in autoimmune diseases is still a
matter of intense research. The administration of estrogens may have a protective
effect on RA development or in the onset of disease, delaying it. Also, experimental
evidence suggests that estrogens demonstrated anti-inflammatory activity in animal
models of RA. Such effects are mediated by modifications in antibody production and
in post-translational modification of antibodies like sialylation (addition of syalic
acid), involved on increased risk of RA in conditions with low estrogen levels such as
menopause. Estrogens administration to RA patients could be a strategy to improve
the quality of life through hormone replacement therapy (HRT). This, in resource
limited settings were biological therapy cannot be afforded and in patients that are
refractory to standard MTX therapy or that have failed to respond to such therapies.
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Chapter 3

Understanding the Mechanisms of
Pain in Rheumatoid Arthritis

Kathryn Biddle and Nidhi Sofat

Abstract

Pain is a debilitating feature of rheumatoid arthritis (RA) and is often described
by patients as their most important symptom. Rheumatoid arthritis pain has
traditionally been attributed solely to joint inflammation, however despite the
advent of increasingly effective disease modifying agents, patients continue to
report pain at long term follow up. The cause for ongoing pain is multifactorial and
includes joint damage and pain sensitisation. In this book chapter, we will describe
the mechanisms underlying the distinct components of pain which are manifest in
rheumatoid arthritis and discuss why a thorough assessment of pain is vital to target
treatments appropriately.

Keywords: pain, rheumatoid arthritis, inflammation, pain sensitisation, nociceptors,
rheumatology

1. Introduction

Rheumatoid arthritis (RA) is a systemic inflammatory disease with a preva-
lence of between 0.5 to 1% in different worldwide populations [1]. Inflammation
predominantly affects the joints causing synovitis, pannus formation and if left
untreated, joint destruction. Patients with RA classically present with tender and
swollen joints, early morning joint stiffness and systemic symptoms such as fatigue.
Severe pain is a particularly debilitating feature of RA that is commonly described
as patients’ most important symptom [2]. In addition to causing a significant impact
on quality of life, studies have shown that RA pain is associated with psychological
distress, impaired physical and social function and increased healthcare costs [3].

The pathogenesis of pain in RA is multifactorial. Traditionally, pain was entirely
attributed to synovitis and consequent joint destruction. With the advent of
increasingly effective disease modifying agents, joint inflammation has become a
more treatable cause of pain and joint destruction is preventable. Indeed, the ran-
domised controlled trials (RCTs) that supported the use of classical disease modify-
ing anti-rheumatic drugs (DMARDs), showed statistically and clinically significant
reduction in pain with treatment [4]. However, despite effective control of inflam-
mation and disease remission, patients have continued to report troublesome pain
at follow-up [5]. The same has been shown in patients taking biologic DMARDs [6].
This suggests that pain does not always fully resolve with the effective suppression
of synovitis [7]. Observational studies have also highlighted the complex relation-
ship between pain and inflammation in patients with RA. For example, large
discrepancies between objective measures of inflammation such as acute-phase
proteins and reported pain, have been shown in some patients with RA [8].

43 IntechOpen



Rheumatoid Arthritis - Other Perspectives towards a Better Practice

Taken together, this evidence suggests that inflammation and joint destruction
alone cannot account for the total pain manifesting in RA. Indeed, increasing
evidence supports a role for aberrant pain processing, including peripheral and
central pain sensitisation, in the pathogenesis of pain in RA. Throughout this book
chapter, we will explore the different mechanisms underlying the perception of
pain in patients with RA.

2. Inflammation in RA

RA is a pathologically heterogenous autoimmune condition. The disease can
broadly be divided into sero-positive and sero-negative subtypes. In sero-positive
patients, the presence of anti-citrullinated peptide antibodies (ACPAs), is associ-
ated with more severe joint damage and increased mortality [9]. In these patients,
ACPAs bind to citrullinated autoantigens including fibrinogen, vimentin, collagen
type 4 and a-enolase, resulting in the formation of immune complexes (ICs) [10].
ICs activate the complement system and trigger inflammatory cell infiltration
within the synovium [11].

The pathology of RA is characterised by the activation of cells of both the innate
and adaptive immune system within the synovial matrix. The innate immune
response consists of macrophages, mast cells and dendritic cells. These cells pro-
duce inflammatory mediators including cytokines, chemokines, lipids, proteases
and growth factors. These mediators attract neutrophils and activate cells of the
adaptive immune system, such as T cells, B cells and plasma cells. The inflamma-
tory cytokines produced during the innate immune response shape the subsequent
activation of the adaptive immune system. For example, cytokines produced in the
early phases of inflammation regulate the differentiation of naive T helper cells into
T helper cell subsets and the subsequent T cell response.

In RA, the inflammatory milieu within the synovium is characterised by com-
plex cytokine and chemokine interactions. Cytokines including TNF-a and IL-6
appear to be particularly important, and biologic agents targeting these mediators
are well-established treatments for RA [12].

Inflammation results in a catabolic state within the joint. One of the pathog-
nomonic features of RA is the synovial pannus, a hypertrophied area of synovium
with tissue destructive properties [13]. Within the pannus, synovial fibroblasts
assume an inflammatory phenotype resulting in enhanced cartilage catabolism
and synovial osteoclastogenesis [14]. Cytokine-mediated chondrocyte activation
results in the stimulation of catabolic pathways. Enzymes including matrix metal-
loproteinases (MMPs) are activated to degrade the cartilage matrix [15]. Bone
erosion is stimulated by the interaction between RANK-L on fibroblasts, T and B
cells and its receptor RANK on dendritic cells, macrophages and pre-osteoclasts
[16]. Ultimately, this process can result in cartilage and bone destruction and joint
deformity.

Therapies that target inflammation such as conventional DMARDs and biologic
therapies are effective at suppressing synovitis and reducing joint destruction. The
treat-to-target approach is widely recommended for the management of RA. This
strategy involves regular monitoring of disease activity, using validated scoring
measures such as the DAS28, and escalation of treatment if a target is not reached.
RCTs have found that this approach substantially improves disease activity,
radiographic progression, quality of life and physical function [17]. These immu-
nomodulatory agents have been shown to reduce pain, albeit not completely [18].
Throughout the next section of this chapter, we will discuss the inflammatory basis
of pain in RA.
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2.1Pain and joint inflammation

Inflammation has long been accepted to cause pain. Indeed, pain was one of
the cardinal features of inflammation, as defined by Celsus in the first century
[19]. Pain secondary to inflammation can be classified into acute or chronic pain.
The neurotransmission of acute pain signals in response to noxious stimulation
involves the activation of a specialised subset of sensory neurons called nocicep-
tors. Nociceptors innervate peripheral tissues, including joints, and transmit
painful stimuli to the dorsal root ganglion (DRG). There are many subsets of
nociceptors, each responding to different types of noxious stimuli. Ad and C
fibres are the two main types of primary afferent nociceptors [20]. Whilst both
Ad and C fibres are found in superficial organs, such as the skin, C-fibres gener-
ally supply deeper structures such as joints [20]. C-fibres are activated by ther-
mal, chemical or mechanical stimulation, resulting in poorly localised, dull pain
sensation [20].

The activation of nociceptors involves the stimulation of ligand-gated and
voltage-gated ion channels including transient receptor potential cation channel,
subfamily A, member 1 (TRPV1), transient receptor potential cation channel,
subfamily A, member 1 (TRPA1), Na,1.7, Na,1.8, and Na,1.9 channels, which are
expressed on peripheral nerve terminals [21]. Activation of these channels results
in the stimulation of intracellular signalling pathways and the transmission of acute
pain signals [21]. In the longer term, chronic inflammation results in long lasting
changes in nociceptor signalling resulting in peripheral pain sensitisation, a phe-
nomenon that we will discuss later in this chapter.

2.2 Synovial joint structures and pain

Arthritic pain is thought to be mediated by nociceptors that innervate the
synovium and subchondral bone. In contrast, under physiological conditions,
cartilage is an aneural and avascular tissue. This is illustrated in Figure 1.

In RA, chronic inflammation is thought to result in structural and functional
changes in the peripheral innervation of joints. This has been shown in animal

Synovial blood supply and
lymphatic drainage

Fibrous capsule

Synovial membrane

Nociceptors Stretch receptors

Figure 1.

Diagram of a synovial joint. A synovial joint consists of two articulating cartilage surfaces surrounded by a
synovial membrane. Synovial fluid fills the synovium. Under physiological conditions, cartilage is avascular
and aneural. Nociceptors innervating the synovium and subchondral bone are vesponsible for arthritic pain. In
contrast, stretch veceptors, innervating the fibrous capsule are responsible for proprioception.
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models where chronic synovitis results in increased innervation of the synovium
and increased spontaneous and mechanical-induced firing of articular primary
afferents [22, 23].

2.3 Nociceptor pathways

Nociceptor pathways mediating acute pain perception in response to inflammation
are well defined. In the periphery, local immune cells release inflammatory mediators,
such as cytokines, that act on the peripheral nerve terminals of nociceptor neurons.
This activates the nociceptors to transmit signals via the DRG through the spinotha-
lamic tract to the higher cortical centres, resulting in the perception of pain. It is also
well accepted that inflammation can result in heightened nociceptor sensitivity to both
noxious and innocuous stimuli. In this case, the activation of nociceptors by inflam-
matory mediators triggers intracellular signalling cascades that reduce the threshold
for nociceptor neurons to fire action potentials [21]. This results in heightened pain
sensitivity which can manifest as allodynia; the sensation of pain arising from a
non-painful stimulus, or hyperalgesia; a heightened sensation of pain in response to
painful stimulation. Throughout the next section of this chapter, we will discuss the
inflammatory mediators that stimulate nociceptor activation and sensitisation in RA.

2.4 Pain and innate immunity

Cells of the innate immune system, including neutrophils, mast cells and macro-
phages, release noxious inflammatory mediators and have been shown to stimulate
pain and pain sensitisation in a wide range of models and systems. For example, in
mouse models of carrageenan-induced inflammatory pain, neutrophils migrate to
tissues and sustain pain through the production of cytokines and prostaglandin E2
[24]. In incisional wound injury, macrophages (CD11b + myeloid cells) have been
shown to mediate acute pain and pain sensitisation [25]. Mast cell degranulation
activates nociceptor firing acutely and may also contribute to pathology of chronic
pain and mast cells have been shown accumulate in chronic inflammatory condi-
tions such as complex regional pain syndrome [26, 27]. Throughout the next part of
the chapter, we will discuss the noxious inflammatory mediators that are released
by innate immune cells.

2.5 Lipid mediators of pain

Pro-inflammatory lipids include cyclooxygenase (COX) dependent molecules
such as prostanoids (prostaglandins, prostacyclins and thromboxanes). COX-
dependent molecules are well known to cause pain and pain sensitisation and inhi-
bition of the COX enzyme, using non-steroidal anti-inflammatory drugs (NSAIDs),
is used for the suppression of pain and inflammation. Indeed, NSAIDs are potent
analgesic and anti-inflammatory medications which are effective for the treatment
of acute inflammatory pain including synovitis [28].

Studies have investigated the mechanism of action underlying the noxious effect
of prostaglandins. Prostaglandin E2 (PGE2) has been shown to activate nociceptors
through the binding of EP1-EP4 receptors. This stimulates pain and pain sensitisa-
tion via multiple mechanisms. PGE2 stimulates proximal ion channels in nocicep-
tive neurons. This sensitises the neurons to painful stimuli [29]. PGE2 activates
more persistent pain sensitisation via PKA and PKC-mediated activation of NFkB in
the dorsal root ganglion neurons [30].

Many other classes of pro-inflammatory lipids are thought to be involved in
the activation of nociceptor activity. For example, lysophosphatidic acid and
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sphingosine-1-phosphate are produced during inflammation and have been shown
to activate nociceptors leading to increased TRPV1 activity [31]. Leukotrienes may
also have an noxious effect and the injection of leukotriene B4 has been shown to
activate C and Ad-fibres in rat models and induce hyperalgesia in humans [21, 32].
More recent work has also demonstrated a role for anti-inflammatory and pro-
resolving lipids in the silencing of pain. For example, pro-resolving lipids, including
lipoxins, resolvins and protectins have generally been shown to have analgesic
effects [33]. Further work is required to characterise the underlying molecular
pathways but these mediators may represent targets for the future treatment of
pain [33].

2.6 Neurotransmitters and pain

Innate immune cells release neurotransmitters capable of modulating pain trans-
mission. For example, mast cells contain histamine and serotonin that are released
on degranulation. Histamine triggers pain sensitisation through the activation of H1
and H2 receptors expressed on nociceptors [34]. This results in increased expression
of Nav1.8 channels and increased sensitivity to noxious stimuli [34, 35].

2.7 Cytokines and pain

Inflammatory cytokines represent another important class of molecules that
stimulate nociceptors and activate pain sensitisation. IL-1p was the first cytokine
to be described as hyperalgesic [36]. This finding was seminal in the field of neuro-
immunology and represented early evidence for the cross-talk between the immune
system and pain sensitisation. Cytokines have now been found to play important
roles in pain modulation in most painful conditions, including RA. Notably, pro-
inflammatory cytokines including IL-1p, IL-6, TNF-q, IL-17A and IL-5, have all
been shown to active nociceptors directly [21].

IL-1p sensitises nociceptors through different intra-cellular signalling pathways.
Firstly, IL-1p activates the p38 MAPK-mediated phosphorylation of Nav1.8 sodium
channels resulting in increased action potential generation and an associated
mechanical and thermal hyperalgesia [37]. Secondly, the activation of IL-1R1 by
IL1-p, has also been shown to result in increased TRPV1 expression on nociceptors,
resulting in thermal pain sensitisation in animal models [38].

IL-6 stimulates pain sensitisation directly and indirectly. Directly, IL-6 activates
nociceptors via the signal transducer gp 130 leading to increased TRPV1 and TRPA1
expression [39]. Indirectly, IL-6 activates nociceptors via the production of prosta-
glandins [39]. TNF-a also induces pain sensitisation via TRPA1 and TRPV1, how-
ever TNF-a mediated inflammatory pain appears to be dependent on prostaglandins
[40]. Indeed, COX-2 inhibitors have been shown to inhibit TNF-« induced capsaicin
responsiveness in cultured nociceptors [41]. TNF-a also modulates nociceptor sen-
sitivity through the activation of p38 MAPK mediated phosphorylation of Nav.18
and Nav1.9 sodium channels [42].

Increasing work suggests a role for IL-17 in pain sensitisation. Indeed, many
painful autoimmune diseases, such as RA and psoriasis, are characterised by a Th17
immune response. IL-17A has been shown to be broadly expressed by nociceptors
and IL-17 has been demonstrated to induce a rapid increase in neuronal excitability
[43]. In animal models of RA, IL-17 has been shown to induce hyperalgesia, through
a mechanism dependent on the amplification of TNF-a, IL-1B, CXCL-1, endothelin
1 and prostaglandins [44].

In summary, IL-1f, IL-6, TNF-a and IL-17 stimulate pain and pain sensitisation
through the synthesis of prostaglandins and/or the activation of sodium or TRP
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channels. The different cytokines appear to act via different intracellular signalling
pathways, however it remains unclear whether different immune responses (e.g.
Th1, Th2 or Th17) induce different pain characteristics through the activation of
specific nociceptors and pain receptors.

2.8 Immune derived growth factors in pain

Innervation by nociceptors is a dynamic process affected by neurotrophic
factors. These factors are often upregulated in response to inflammation or tissue
injury and are important to restore the density of innervation post-injury [21].
If there is inappropriate or excessive release of neurotrophic factors, heightened
pain sensitivity can occur [21]. Nerve growth factor (NGF) is an important
neurotrophic factor that is secreted by innate immune cells during the acute
phase of inflammation. NGF activates the receptor TrkA on nociceptors, stimu-
lating the P13K/Src kinase pathway and the phosphorylation of TRPV1 and its
translocation into the cell membrane [45]. This results in the rapid sensitisation
of nociceptors in response to stimulation by NGF. In the longer term, NGF has
been shown to stimulate axonal terminal sprouting, contributing to increased
pain sensitivity [46].

2.9 Arole for ACPAs in painin RA

It is well established that arthralgia can precede overt joint inflammation and
that joint pain is often one of the first symptoms of emerging RA. The mechanism
underlying arthralgia preceding inflammation remains unclear but a role for ACPAs
has been suggested. Observational studies have shown that ACPAs frequently
occur in the preclinical phase of disease and can be detected months to years prior
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to diagnosis [47]. Experimental studies have raised the possibility that ACPAs

can induce pain via a pathway independent of joint inflammation. In one study,
mice injected with human or murine ACPAs developed increased pain sensitivity,
despite no signs of joint inflammation. In this study, ACPAs were shown to bind

to osteoclasts in the bone marrow, and induce CXCL1/2 expression and release.
Intra-articular injection of CXCL1/2 was shown to evoke pain-like behaviour and
this was inhibited by an IL-8 inhibitor, reparixin [48]. Further work is required to
confirm this hypothesis. If correct, it could alter the management of ACPA positive
arthralgia and offer new therapeutic targets in the management of early RA.

In summary, inflammation is a well-accepted cause of pain in RA and many
inflammatory mediators have been shown to stimulate nociceptor activation and
sensitisation, as summarised in Figure 2.

Despite the important role for inflammation in pain in RA, the extent of
inflammation does not always correlate with the severity of total pain reported
RA patients. Indeed, observational studies have shown that changes in inflamma-
tion account for only 40% of changes in pain in RA patients [49]. Furthermore,
factors associated with the degree of inflammation such as serology, acute phase
response and joint damage correlate poorly with pain prognosis in RA patients [7].
Moreover, in common with other chronic pain conditions, psychosocial factors
and female gender predict pain prognosis more accurately than the severity of
inflammation [7]. Therefore, additional mechanisms must be responsible for the
pain experienced in RA. These mechanisms include joint damage and aberrant pain
sensitisation.

3. Joint damage and pain

The contribution of structural joint changes to the total pain in RA is contro-
versial. In patients with advanced RA, erosions and joint space narrowing are
associated with disability and make a small but significant contribution to total
reported pain [50]. Moreover, patients with advanced disease show an improve-
ment in pain following joint replacement surgery [51]. However, as more effective
disease modifying protocols have been developed, structural joint damage in
RA has decreased and corresponding rates of orthopaedic surgery have declined
[52]. The prevention of joint damage has produced superior pain outcomes but
it is not clear how much of this can be attributed to the prevention of structural
damage versus the suppression of inflammation or prevention of pain sensitisa-
tion. In recent studies, radiographically assessed joint damage appears to make a
small contribution to pain in RA patients [53]. However, some of this pain may
be explained by coincident osteoarthritis (OA), which occurs in a similar demo-
graphic of patients.

The correlation between joint damage and pain severity appears weak, although
investigation on this subject has primarily occurred in patients with OA and
relatively little data exists for patients with RA. In OA, structural joint changes do
not correlate well with joint pain [54]. The severity of radiographic OA has been
shown to explain <20% of the variance in pain intensity [54]. Furthermore, post-
joint replacement, many patients continue to report pain. 10% of patients post-
total hip replacement (THR) and 20% post-total knee replacement (TKR) report
unfavourable long term pain outcomes [55]. This suggests that structural joint
damage alone cannot explain the total pain experienced in OA. Like in RA, central
pain sensitisation has been proposed to explain the pain not accounted for by joint
destruction [56].
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4. Central pain sensitisation and RA

Processing by the central nervous system (CNS) can affect pain reporting, sen-
sitivity, intensity and pain characteristics [57]. Aberrant pain processing can result
in central pain sensitisation; an amplified response of the central nervous system to
peripheral nociceptive input [58]. The term central sensitisation was coined in 1989
by Woolf and colleagues based on work in the rat model showing hyperexcitability
of spinal cord neurons in response to peripheral tissue injury [58]. Physiologically,
central sensitisation represents a state of hyperexcitability of spinal and supra-
spinal structures due to amplified neuronal signalling involving enhanced synaptic
and neurotransmitter activities [59].

An increasing abundance of evidence supports the role for central pain sensitisa-
tion in RA and an understanding of central sensitisation is important to optimise
patient treatment. Clinically, pain secondary to an inflammatory flare must be
differentiated from pain secondary to central sensitisation as they require vastly
different management approaches. Throughout the next part of this chapter, we
will discuss the molecular basis of pain transmission from the periphery to the CNS,
clinical evidence supporting a role for pain sensitisation in RA and some proposed
mechanisms for pain sensitisation in the DRG and in the cerebral cortex.

4.1 Molecular basis of pain sensitisation

As discussed previously, A-8 and C nociceptive neurons are activated by inflam-
matory mediators in the periphery. These fibres converge at the DRG, along with
non-noxious A-f fibres. Following activation, nociceptor fibres release substance P
(SP), calcitonin gene-related peptide (CGRP), glutamate, aspartate and NGF at the
afferent nerve endings into the synaptic cleft [60]. These neurotransmitters activate
their corresponding receptors on post-synaptic neurons. Activation of post-
synaptic receptors results in intracellular signalling changes. For example, activa-
tion of NMDA receptors results in increased membrane permeability, intracellular
entry of calcium, activation of protein kinases and the expression of c-fos [61].
These signalling changes result in the hyperexcitability of the secondary neurons
and amplification of the peripheral noxious stimulus. Post-synaptic neurons ascend
in the spinothalamic tract to the thalamus, hypothalamus, limbic system and the
somatosensory cortex [61]. These signalling pathways are summarised in Figure 3.

Animal models of RA have been used to investigate the molecular mechanisms
underlying spinal pain sensitisation. In these models, molecular changes have
been shown to occur in the DRG, spinal neurons and spinoreticular neurons. For
example, in complete Freund’s adjuvant (CFA) induced arthritis models, increased
expression of SP, CGRP, NPY, c-fos, TRPV1, P2X3 and Trk-A receptors in the DRG
have been demonstrated [62]. These changes are thought to result in hyperexcitabil-
ity of spinal neurons and enhanced sensitivity to nociceptor signalling.

4.2 Clinical evidence for a role of pain sensitisation in RA

Patients with RA show widespread reductions in pain threshold and increased
pain sensitivity, not only over inflamed joints but at distant, non-articular sites
[62]. Evidence to support this has come from clinical studies using techniques
such as quantitative sensory testing (QST). This technique involves the applica-
tion of stimuli under standardised testing protocols and the quantification of the
participants sensory experience. QST employs different tools for the assessment
of the perception of vibration, touch, proprioception, pinprick or blunt pressure

50



Understanding the Mechanisms of Pain in Rheumatoid Avthritis
DOI: http://dx.doi.org/10.5772/intechopen.93829

Somatosensory cortex
'Y

Thalamus

Frontal and insular COrteX g...hseefiersnsrnnsnsnssnssnnenvannend Hypothalamus
Limbic structures PR

Spinothalamic tract

Mesencephalon

Reticular formation

Dorsal root ganglia

A delta fibres and
unmyelinated C fibres

Noxious stimuli

Figure 3.

A simplified diagram of pain signalling pathways. As illustrated, noxious stimulation activates A-5 and C
fibres in the periphery. These fibres converge at the DRG and activate post-synaptic neurons that ascend to
higher cortical centres via the spinothalamic tract.

sensitivity. RA patients have a lower pain threshold than healthy controls with QST
[63]. Furthermore, sensitisation has been shown to affect a wide range of sensory
modalities, including thermal and mechanical stimulation.

Studies have demonstrated that pain thresholds vary substantially between
patients with RA. Multiple factors have been shown to correlate with differences in
pain threshold. Importantly, these include high tender joint count and prolonged
disease duration [64]. This suggests that the persistence of nociceptive stimulation
results in long-term changes in pain processing resulting in central pain sensitisa-
tion. Other factors that have been shown to influence pain threshold include sleep
quality, psychosocial factors and analgesic use [65].

Repetitive sensory stimulation, also known as temporal summation, is another
experimental model that has been used to investigate central sensitisation in RA.
Temporal summation occurs when the time between stimuli is short enough to
prevent the dissipation of postsynaptic action potentials before re-activation [66].
This results in a higher membrane potential, increasing the probability that further
stimulation will result in post-synaptic activation. In healthy controls, repetitive
stimulation results in the reduction of pressure pain thresholds [62]. Studies have
shown that this response is augmented in RA patients [67]. This has also been
demonstrated electrophysiologically through the measurement of action potentials
in response to repetitive stimulation. In healthy controls, there is an increase in the
amplitude of action potential evoked from repetitive stimulation using noxious
stimulation. This response is amplified in RA patients and has been shown to cor-
relate with disease activity scores and high tender joint counts [68].

4.3 Neuropathic painin RA

In addition to measuring pain thresholds, pain characteristics can be analysed
to assess the possible contribution of pain sensitisation to overall pain experi-
ence. Specifically, pain questionnaires are commonly used to detect the presence
of neuropathic-sounding pain. Neuropathic pain is the perception of pain in the
absence of nociceptive input or peripheral tissue damage and is caused by pathology
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of the peripheral or central nerves. A classic example of neuropathic pain is sciatica.
This pain has distinct characteristics such as burning, radiation, shooting, tingling
and sensitivity to non-painful stimuli (i.e. allodynia). RA can be associated with
neuropathic pain through several mechanisms including compression neuropathy
(e.g. carpal tunnel syndrome), co-morbidities (e.g. diabetes), vasculitis (result-

ing in mononeuritis multiplex) or drug therapies (e.g. gold or leflunomide).
Nevertheless, emerging evidence suggests that RA itself can result in neuropathic
pain through the induction of aberrant pain processing.

The painDETECT questionnaire enables the classification of pain into likely,
possibly or unlikely to be of neuropathic origin. Patients with RA often describe
pain with neuropathic features and painDETECT questionnaires can yield between
5 to 20% fulfilling criteria for “likely neuropathic pain” [62]. A significant propor-
tion of these patients have no underlying evidence of neuropathy. One study dem-
onstrated that only 33% of RA patients fulfilling clinical criteria for neuropathic
pain had clinical evidence of neuropathy [69]. Of the remaining patients, 57% were
shown to have subclinical or axonal neuropathy [70]. This left a significant number
of patients with RA who reported neuropathic-sounding pain in the absence of
objective nerve injury. It has been suggested that this pain occurs secondary to
pain sensitisation however, this has not been proven. Nevertheless, neuropathic-
sounding pain is an important clinical feature as it predicts inferior pain outcomes.
Indeed, a positive correlation between VAS pain scores and painDETECT scores has
been demonstrated and patients with probable or likely neuropathic pain have been
shown to report significantly higher VAS scores than patients without neuropathic-
sounding pain [71].

Although the painDETECT questionnaire is a useful tool for characterising pain,
care must be taken to interpret results based only on questionnaires. Furthermore,
confounding effects with pain severity may affect interpretation. Patients with
fibromyalgia demonstrate high painDETECT scores, although evidence of pathol-
ogy in the peripheral or central nervous system has been difficult to demonstrate.
This raises the question of whether painDETECT scores identify pain with similar
features to neuropathic pain rather than neuronal pathology itself. Further work is
required to fully understand the significance of neuropathic sounding pain in RA.

4.4 Fibromyalgia-RA

The association between fibromyalgia and RA sheds light on the complex rela-
tionship between inflammation, pain and central pain sensitisation. Fibromyalgia
(FM) is the prototypical central pain sensitivity syndrome. Clinically, FM is char-
acterised by chronic widespread pain, sleep disturbance and impaired cognition
[72]. Observational studies have shown that the prevalence of fibromyalgia in RA
patients is much higher than in the general population with estimated prevalence of
18-24%, compared to 2-4% in non-RA cohorts [73, 74].

Two groups of fibromyalgia (FM) have been characterised. Patients with “pri-
mary” FM report pain in the absence of identifiable nociceptive input [72]. These
patients generally report regional pain syndromes that progress to widespread pain
phenotypes with time. “Secondary” FM occurs when aberrant centralised pain
processing occurs in the context of identifiable nociceptive input, for example in
inflammatory arthritis [72]. It is not yet clear whether these conditions represent
the same or different diseases.

The co-existence of FM in RA patients is associated with increased pain scores,
a poorer quality of life and worse patient-reported outcomes. In a meta-analysis of
18 studies, RA patients with co-morbid FM had significantly higher pooled DAS28
scores than those without FM [73]. When studies reported individual components
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of the DAS28, patients with co-existent FM had significantly higher tender joint
counts and higher patient global assessment scores than those without FM [73].
Objective measurements including swollen joints and inflammatory markers were
not significantly different between RA patients with and without FM [73]. Other
scoring systems including the simplified disease activity index (SDAI) and the clini-
cal disease activity index (CDAI) were also higher in RA patients with comorbid FM
[75]. A large study of 11,866 RA patients reported that those with comorbid FM had
increased pain, poorer quality of life and greater functional limitation [76].

The recognition of FM in RA patients is important for multiple reasons. Firstly,
both RA and FM commonly present with pain and fatigue. Differentiation of
the conditions and diagnosis of co-morbidity is vital for patient management as
different treatment approaches are required. In FM-RA patients, characterisa-
tion of the pain is imperative to manage patients appropriately. For example,
inflammatory flares must be differentiated from painful flares secondary to FM.
Secondly; recognition of patients with secondary FM offers an important insight
into the pathogenesis of pain centralisation which is currently poorly understood.
Nevertheless, caution should be used when interpreting the association between
inflammatory arthritis and FM as the FM diagnostic tools have not been validated
in RA. Furthermore, confounding factors including female sex and mental health
problems are more prevalent in both FM and RA.

4.5 Central mechanisms of pain sensitisation

Central pain sensitisation is thought to occur at both spinal and supraspinal
levels [62]. At the level of the DRG, spinal hyperexcitability occurs secondary
to ongoing nociceptive input and pain transmission can be modified by inhibi-
tory or facilitating neurones that can be modulated by descending signals from
supraspinal levels [72]. Spinal pain facilitation is thought to be responsible for the
spread of mechanical allodynia beyond the innervated field of cutaneous neurons.
This has been shown in models using the intradermal injection of capsaicin [77].
Both ipsilateral and contralateral pain facilitation is thought to occur second-
ary to chronic inflammation and in RA patients, enhanced responses to noxious
stimulation occurs at sites distal from inflamed joints [78]. Pain sensitisation is
also thought to occur at supraspinal levels and brain imaging has demonstrated
changes in cerebral activation secondary to chronic pain. Throughout the next
section of the chapter, we will discuss the evidence of supraspinal pain sensitisa-
tion in RA.

4.6 Brain neuroimaging and pain

Imaging studies have attempted to characterise the neuronal circuitry resulting
in cerebral sensitisation in RA. Structural MRI studies have shown increased grey
matter density in the basal ganglia of RA patients compared to controls. This area
is involved in both motor function and in pain processing [79]. Functional imaging
has been used to investigate neuronal activation in response to pain. Functional
MRI (fMRI) studies have demonstrated differences in resting state functional
connectivity between RA patients and controls. In RA patients, there is increased
connectivity between frontal midline regions that are implicated in pain processing,
including the supplementary motor area and the mid-cingulate cortex, to senso-
rimotor regions [80]. Moreover, in RA patients, increased EEG activity has been
reported in response to repetitive painful stimuli [81]. These studies suggest that
aberrant pain cerebral pain processing may occur in RA and therefore, may result in
augmented pain responses.
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A further level of complexity is introduced when the biopsychosocial model of
pain is considered. This suggests that cognitive and emotional processes are also
critical contributors to the overall perception of pain. Indeed, the transmission of
nociceptive information is influenced by multiple higher-level factors, such as mood,
attention and cognitive factors, to form the resulting pain experience [82]. Mood is
a particularly important cognitive factor in RA and meta-analysis has revealed that
16.8% of patients with RA meet the criteria for a major depressive episode [83].

In RA patients, depressive symptoms have been found to correlate significantly
with tender joint count [84]. The medial prefrontal cortex has been suggested to
play an important role in mediating the relationship between pain severity and
depressive symptoms. Evidence has demonstrated an association between depres-
sive scores (measured using the Becks depression index), tender joint count and
MPEFC activation during provoked joint pain. In the same study, MPFC activation
co-varied significantly with limbic activation, an area involved in affective process-
ing. This led the authors to suggest that the MPFC engages areas important for
self-relevant processing to mediate the relationship between pain and affective
symptoms [84]. In summary, pain processing by higher brain centres affects pain
perception and the affective response to pain in RA. Although we are beginning
to shed light on higher processing using functional imaging studies, more work is
required to fully appreciate the complexities of central pain processing in RA.

5. Management of painin RA

The cornerstone of RA treatment is the suppression of inflammation using the
treat to target approach. However, disease remission will not lead to the complete
resolution of pain in all patients and a multi-modal approach to pain manage-
ment is very important. This approach has been recommended by rheumatology
associations. For example, EULAR have recommended a patient centred approach
to pain management where a biopsychosocial framework should be adopted [85].
Specifically, clinicians should differentiate between local and generalised pain and
should be guided by patient needs, preferences, pain characteristics, inflamma-
tion and psychological factors. Treatments should include education, psychical
therapies, orthotics, psychosocial interventions, sleep hygiene, pharmacological
and joint-specific treatment options. Throughout this section of the review, we will
discuss the different facets of pain management.

5.1 Pharmacological therapies

Pharmacological treatments include analgesic agents and immunomodula-
tory medications. Many analgesic agents are used in the management of RA pain
although their use is rarely supported by high-quality RCTs [62]. Commonly
used analgesic medications include paracetamol, NSAIDs, opioids and tricyclic
anti-depressants. Optimal pain management should involve the characterisation
of pain phenotype, in particular, differentiation of peripheral and central pain
mechanisms. Pain phenotype could alter the choice of analgesic agent. For example,
NSAIDs have been shown to reduce inflammatory pain in RA but not central pain in
FM [86]. More work is required to define optimal analgesic use in different subsets
of RA patients.

The cornerstone of RA management is the suppression of inflammation.
Medications that reduce synovial inflammation are well known to reduce pain in
RA patients. Inmunomodulatory medications used in RA include glucocorticoids,
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conventional synthetic DMARDs and biologic DMARDs. Glucocorticoids are
commonly used to treat acute inflammatory flares and have been shown to provide
significant pain relief [87]. Extensive evidence supports the efficacy of traditional
DMARDs, including methotrexate, sulfasalazine and leflunomide, in reducing joint
pain. The analgesic effect of cDMARDs parallels the suppression over a time course
of weeks to months [62]. Combination therapy has been shown to be superior than
monotherapy and the addition of a biologic agent has been shown to reduce pain
even further [88, 89]. Nevertheless, pain improvement may plateau despite effective
suppression of inflammation and studies have shown that this plateau is worse that
the UK mean [7]. Persisting pain may result from centrally mediated pain hyper-
sensitivity and may respond better to neuropathic agents or non-pharmacological
treatments including education, exercise and cognitive behavioural therapy (CBT)
than those treatments focusing on management on nociceptive triggers alone.

5.2 Neuropathic agents

Neuromodulatory medications used for the treatment of neuropathic pain
include antidepressants such as tricyclic antidepressants (e.g. amitriptyline) and
serotonin-noradrenaline re-uptake inhibitors (e.g. duloxetine) or anti-convulsants,
e.g., pregabalin or gabapentin [90]. The clinical efficacy of these medications well
well-established in conditions including neuropathic pain and generalised pain
sensitisation syndromes such as fibromyalgia [91, 92]. Neuropathic agents are
sometimes used for the treatment of pain in RA however evidence from high quality
RCTs is lacking [93]. However, in other localised pain conditions such as hand OA,
pregabalin has been shown to improve pain and function [94]. Further work is
required to establish the role for neuropathic medications in RA patients.

5.3 Psychosocial therapies

Psychological pain management programmes, including cognitive behavioural
approaches and mindfulness, have an important role in the management of chronic
pain. An abundance of evidence supports the efficacy of psychosocial approaches to
pain management in chronic pain conditions [95]. In RA, CBT has the best evidence
base for the management of pain with multiple meta-analyses confirming efficacy
[96, 97]. In addition to benefiting pain symptoms, CBT has been shown to improve
other symptoms including fatigue in RA patients [98]. Psychosocial therapy may
be most efficacious when offered early in the disease course however further work
is required to determine which subset of patients should be offered psychosocial
therapies and at which time-point in their illness [99].

5.4 Exercise based therapies

Exercise based therapies have an important role in the management of RA.
Evidence has shown that resistance exercises decrease disability and functional
impairment [100]. Furthermore, a meta-analysis of five studies revealed that resis-
tance exercises resulted in a trend towards a small positive effect on VAS pain [100].

6. Conclusion

In conclusion, pain remains a significant problem for many patients with RA
and is associated with psychological distress, fatigue and reduced quality of life.
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In RA patients, pain results from a combination of joint inflammation, structural
joint changes and pain sensitisation. In order to treat patients effectively, it is vital
to differentiate between different types of pain, as each type should be targeted
differently. Effective pain management approaches using a multimodal approach
are vital to increase patient well-being, functioning and to reduce individual and
societal costs [85].
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Abstract

Rheumatoid arthritis (RA) represents the one of the most common inflamma-
tory rheumatic diseases, which generates disability and significantly reduces the
quality of life. RA can affect the vascular system, in addition to joint involvement.
Vascular involvement increases the morbidity and mortality among these patients.
Macrovascular disease, related to accelerated atherosclerosis, has a high prevalence
among RA patients, in the form of carotid artery disease, ischemic heart disease,
and peripheral arterial obstructive disease. Microvascular disease, studied in recent
years by means of nailfold capillaroscopy, is present even in the early stage of RA
evolution. Rheumatoid vasculitis can occur in severe forms of RA.

Keywords: macrovascular, microvascular involvement, rheumatoid arthritis

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disorder, characterized
by synovitis of small- and medium-sized joints, which causes cartilage breakdown,
bone erosions, and finally destruction and loss of joints function. But beside the
joints involvement, RA, especially with long-term evolution and suboptimal control
of the disease activity, can generate systemic involvement (cardiovascular, respira-
tory, haematologic) [1].

RA is the most common inflammatory rheumatic disease, affecting about
0.5-1% of North American and European people over 18 years. The RA incidence
and prevalence have regional differences: the lowest rates are identified in Southern
regions, and the highest rates are present in Northern Europe and North America.
Women are more frequently affected than men (women/men ratio 3/1), this disease
occurring more commonly in the 4th or the 5th decades of life [2, 3].

RA is an autoimmune disorder; through the interaction between genetic pre-
disposition and environmental factors, a trigger event generates an inflammatory
autoimmune response, which affects primarily the synovial joint but also the blood
vessels [1].

The interrelation between RA and vascular involvement began to be studied
many years ago. In 2008, in their review, Szekanecz and Koch introduced the term
“vascular rheumatology,” referring to vascular impairment from inflammatory
rheumatic diseases [4]. Indeed, in RA, vascular involvement comprises both macro-
and microvessels. Special attention requires rheumatoid vasculitis, a rare but severe
complication of this disease. Histologically, vascular lesions have been found in 25%
of RA patients [5]. Patients with RA are prone to early and accelerated atherosclero-
sis, which induces higher cardiovascular risk, independent of traditional risk factors
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(diabetes mellitus, arterial hypertension, smoking, dyslipidemia, age, lifestyle).
RA-related risk factors are identified and characterized in these patients [6, 7]. In
RA patients, the cardiovascular risk is obtained by the multiplication of measured
risk (SCORE, Framingham) by a factor of 1.5, if two of the three following criteria
are fulfilled (RA evolution >10 years, positivity of RF or ACPA, extra-articular
involvement) [8].

2. Risk factors for vascular involvement

Vascular involvement in RA patients has a multifactorial model. Traditional
cardiovascular risk factors together with those related to RA contribute to the devel-
opment of macro- and microvascular involvement. It is known that the first step in
atherogenesis development is endothelial dysfunction. Several factors associated
with RA are involved in the endothelial dysfunction appearance: pro-inflammatory
mediators and cells, oxidative stress, insulin resistance, physical inactivity, genetic
factors, and drugs [9].

During its evolution, RA is a chronic inflammatory condition. Even in the pre-
clinical stage, then continuing with the period when the clinical picture is complete,
the chronic inflammatory environment exists in these patients. Pro-inflammatory
cytokines contribute to synovial inflammation and to atherosclerosis development,
through endothelial dysfunction.

Under physiological conditions, endothelium represents an active barrier
between vascular wall and bloodstream, being involved in maintaining vascular
muscle tone and homeostasis, controlling cell adhesion, proliferation, and coagula-
tion balance. In pathophysiological conditions (chronic inflammatory diseases),
these endothelium physiological functions are disturbed, and endothelial dysfunc-
tion occurs. During this new situation, reduced vasodilation, pro-inflammatory
and prothrombotic status, and increased cell adhesion and proliferation contribute
to atherosclerosis development. Endothelial dysfunction is a preclinical marker
of atherosclerosis development, commonly detected in RA patients, but it is also
involved in plaque progression and the occurrence of atherosclerotic complications
[10, 11]. In RA patients, endothelial dysfunction occurs differentially in different
vascular beds (macro- and microcirculation) [12]. Bocci et al. showed that in RA
patients, the coronary microvascular involvement is identified in the absence of
macrovascular disease [13].

Several factors are involved in endothelial dysfunction appearance in RA
patients (Table 1) [9, 11].

2.1 Arterial hypertension

High blood pressure represents an independent predictor of cardiovascular events
in RA patients. COMORA study reported that the prevalence of high blood pres-
sure among RA patients was about 40% [14]. In their meta-analysis, Baghdadi et al.
reported that high blood pressure was associated with a relative risk of cardiovascular
morbidity of 2.24 in patients with RA [15]. On the other hand, Panoulas et al. identi-
fied that the most important determinant of target organ damage in RA patients is
arterial hypertension [16]. It is known that the increase in systolic blood pressure with
20 mmHg is associated with high risk of endothelial dysfunction and cardiovascular
disease. Some drugs used in RA therapy, as Leflunomide, NSAIDs, corticoids, and
cyclosporine, are associated with high risk of arterial hypertension development,
with consecutive endothelial dysfunction [7]. In hypertensive RA patients, ambula-
tory blood pressure monitoring revealed that the non-dipper and excessive dipper
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Traditional risk factors

* Arterial hypertension

* Dyslipidemia

* Insulin resistance and metabolic syndrome
¢ Obesity

* Smoking

RA-related factors

* Chronic inflammatory status

¢ Oxidative stress

Table 1.
Factors involved in RA endothelial dysfunction.

patterns were frequent among them and pulse pressure was increased, these charac-
teristics predisposing to cardiovascular complications [17]. Most researchers won-
dered if high blood pressure is effectively controlled in RA patients. Panoulas et al.
and Desai et al., in their studies, showed that the identification and effective control
of high blood pressure is suboptimal in RA patients [18, 19]. Two studies published
in 2016 and one published in 2019 showed that there were no significant differences
in the diagnosis and therapy of high blood pressure in RA patients versus the general
population [20-22].

2.2 Dyslipidemia

Dyslipidemia represents a well-known traditional cardiovascular risk factor,
affecting between 55 and 65% of the RA patients [23]. These patients present low
levels of low density lipoprotein (LDL), high density lipoprotein (HDL), and total
cholesterol, these levels being inversely correlated with markers of inflamma-
tion. But during inflammation, these molecules develop functional and structural
changes, becoming atherogenic and promoting endothelial dysfunction. Some
drugs used in RA treatment may increase lipid levels: DMARDs, TNF-a inhibitors,
tocilizumab, and IL-6 receptor blocker [8].

2.3 Insulin resistance and metabolic syndrome

The prevalence of insulin resistance and metabolic syndrome is increased in
RA patients (40%), increasing the risk of endothelial dysfunction and cardiovas-
cular events by twofold compared to the general population. RA with high activ-
ity increases the effect of insulin resistance/metabolic syndrome on endothelial
dysfunction. The effect of the medication that decreases the RA activity (DMARDs,
biologics) on insulin resistance is not to be neglected. Endothelial-dependent vaso-
dilation, mediated by nitric oxide release, is impaired in insulin resistance individu-
als. They display high levels of endothelin and plasminogen activator inhibitor in
plasma [8].

2.4 Obesity
Obesity, physical inactivity, and endothelial dysfunction coexist in RA patients.
Obesity is associated with other cardiovascular risk factors, as atherogenic dyslipid-

emia, high blood pressure, insulin resistance, and low grade inflammation, gen-
erating endothelial dysfunction. But in RA an association between low body mass
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(secondary to high rheumatoid inflammation, generating rheumatoid cachexia)
and cardiovascular events, too, is described [8].

2.5 Smoking

Another cardiovascular risk factor, smoking, is involved in RA appearance [24].
Rojas-Serrano et al. showed that the RA patients who smoked had a more severe RA
evolution and positivity for rheumatoid factor and anticitrullinated protein anti-
bodies [25]. Baghdadi et al. demonstrated that the cardiovascular risk was higher in
RA patients who smoked [15].

Baghdadi et al. revealed in their meta-analysis that in RA patients the increased
cardiovascular morbidity is related to the presence of high blood pressure [relative
risk (RR): 2.24, 95% confidence intervals (CI): 1.42-3.06], smoking (RR: 1.5, 95%
CI: 1.15-1.84), obesity (RR: 1.16, 95% CI: 1.03-1.29), insulin resistance (RR: 1.94,
95% CI: 1.58-2.30), and atherogenic dyslipidemia (RR: 1.73, 95% CI: 1.03-2.44) [15].

2.6 Inflammation

Chronic inflammation is considered to be an independent risk factor for the
atherosclerosis development. Together with immune dysregulation, it contributes
to endothelial dysfunction and atheroma plaque development. The cardiovascular
risk begins to be evident from the early stages of RA, making the cardiovascular
investigation necessary even from the first medical visit [26].

Chronic inflammation is considered to be of utmost importance in endothe-
lial dysfunction onset. The previous studies have shown that the inflammatory
processes in the rheumatoid synovium and atherosclerotic plaques are remark-
ably similar. TNF-alpha, interleukin-1 (IL-1), and interleukin-6 (IL-6) play an
important role in RA pathogenesis, but they are involved in the development of
endothelial dysfunction, too. TNF-alpha increases IL-1, IL-6, IL-8, and chemokines
synthesis. On the other hand, this cytokine increases cellular infiltration in the
synovium, through enhancing chemokine expression, endothelial cells activation,
and neoangiogenesis. IL-1 stimulates the expression of adhesion molecules on the
endothelial cells and neoangiogenesis. IL-6 contributes to endothelial cell activa-
tion; upregulates the expression of the chemokines that attract T cells, leading to
enhanced cellular infiltration; and increases the concentration of VEGF with high
vascular permeability appearance. VEGF induces the endothelial cell activation and
differentiation, generating neoangiogenesis, too. These cytokines have metabolic
effects, acting on the adipose tissue, the skeletal muscle, and the liver and contrib-
uting to the traditional cardiovascular risk factor production (insulin resistance,
obesity). They contribute to the endothelial dysfunction development.

The inflammatory environment increases the effect of traditional cardiovascular
risk factors on endothelial cells, generating endothelial dysfunction development.
Other studies revealed that the anti-inflammatory treatment improves the endothe-
lial dysfunction in RA patients [8, 27, 28].

2.7 Reactive oxygen species

Reactive oxygen species (ROS), generated at higher concentrations at sites of
inflammation, can induce cellular injury. Vascular endothelial cells represent the
main target for the ROS, increasing the endothelial permeability and promoting
leukocyte adhesion. On the other hand, high levels of ROS and low levels of antioxi-
dants in RA with high inflammatory activity generate the impairment of the HDL
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function. Through these effects, ROS contributes to the endothelial dysfunction
appearance in RA patients [7, 10].

2.8 RA treatment and vascular dysfunction

The drugs used in RA therapy may contribute to vascular dysfunction and
cardiovascular risk.

Nonsteroidal anti-inflammatory drugs (NSAIDs) represent a class of drugs
frequently used by these patients. The data regarding the NSAID use and cardio-
vascular risk in RA patients remain controversial. Data from the Danish nationwide
registry revealed that the increased cardiovascular risk related to the overall use
of NSAIDs in RA patients was modest and even significantly lower than in non-

RA subjects. Rofecoxib and diclofenac were the exception, being associated with
increased cardiovascular risk [29]. It is recommended to use NSAIDs with caution
in RA patients in the presence of cardiovascular risk factors or in the presence of
ischemic cardiovascular disease [8, 9].

Corticosteroids contribute to insulin resistance, high blood pressure, and
atherogenic dyslipidemia; all these factors are associated with endothelial dysfunc-
tion and subsequently appearance of cardiovascular events. But, on the other hand,
by controlling inflammation, corticoids may reduce cardiovascular risk in RA
patients. EULAR recommended the corticoid use at lowest dose possible (<7.5 mg
Prednisone/day), for the shortest period of time [9].

Among disease-modifying drugs (DMARDs), methotrexate, sulfasalazine, and
hydroxychloroquine are associated with the cardiovascular risk reduction. By con-
trolling inflammation (decrease of pro-inflammatory cytokine level), methotrexate
improves the endothelial function in RA patients. But this drug contributes to
endothelial protection by means of induction of AMPK-regulated protective genes.
Sulfasalazine interferes with platelet function. Hydroxychloroquine improves
lipid profile and has antithrombotic effects, thus reducing the cardiovascular risk.
Leflunomide and cyclosporine are associated with arterial hypertension.

By using biologics (anti-TNF-alpha, anti-CD28, anti-CD20, anti-IL 6, anti-IL1),
cardiovascular risk was reduced comparatively with the RA patients without this
therapy.

Anti-TNF-alpha therapy improves endothelial function by means of inflamma-
tion reduction. It is important to know that the reduction in cardiovascular risk was
recorded only in patients responsive to anti-TNF-alpha treatment.

Anti-IL-6 therapy improves endothelial function (measured by means of
flow-mediated vasodilation) very early during the treatment. This effect is deter-
mined by reducing inflammation, although total cholesterol, LDL-cholesterol, and
triglyceride levels are increased.

Anti-CD20 therapy reduces RA activity and has favorable effects on lipid profile,
reducing endothelial dysfunction.

The use of abatacept in RA treatment has generated conflicting data regarding
vascular dysfunction. Tofacitinib increases total cholesterol levels but without
change of atherogenic index. This new drug was associated with low rates of cardio-
vascular events in RA patients [1, 8].

3. Macro- and microvascular endothelial dysfunction

All these factors contribute to disruption of vascular environment at the macro-
and microcirculation levels, occurring endothelial dysfunction [2, 7].
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Morphological assessment

Conducting artery Carotid intima-media thickness (cIMT)
Capillaries Nailfold capillaroscopy

Functional assessment

Conduit artery Pulse wave velocity (PWV)

Pulse wave analysis (PWA)
Flow-mediated dilation (FMD)
Nitroglycerin-mediated dilation (NMD)

Arterioles Laser Doppler imaging with iontophoresis
Venous occlusion plethysmography

Table 2.
Methods for morphologic and functional vascular assessment.

Macrovascular and microvascular endothelial dysfunction is identified in RA
patients, not associated with each other, increasing cardiovascular risk in these
patients [30]. The studies revealed a weak correlation between microvascular and
macrovascular endothelial dysfunction in RA patients. Microvascular endothelial
dysfunction results from the interaction between inflammation, immune dys-
regulation, and traditional cardiovascular risk factors, representing a significant
factor related to accelerated atherosclerosis and future cardiovascular events in RA
patients [31].

Structural and functional assessment of vasculature in RA patients uses differ-
ent methods (Table 2). It is known that the functional and morphological vascular
changes may coexist, especially in the early atherosclerosis [27].

4, Macrovascular involvement in RA

Endothelial dysfunction is present in RA patients compared to healthy con-
trols. Although not all studies have shown the connection between endothelial
dysfunction and inflammation, the use of specific RA medication (especially
anti-TNF-alpha) has improved endothelial function in RA patients [32].

Arterial stiffness is increased in RA patients compared with controls, but an
association between arterial stiffness and disease activity was not highlighted
(27, 32].

Most studies identified that the cIMT was increased in RA patients, even in cases
with newly established diagnosis. cIMT increases with the disease duration but is
well known that the increase of cIMT is associated with the age of patients. The
most studies did not reveal a consistent link between inflammation and vascular
parameters. Van Zanten et al. explained that the long-standing, not current inflam-
mation has had vascular impact in RA patients [33]. Carotid plaque (Figure1) is
common findings among RA patients. Roman et al. reported that the carotid plaque
was three times more prevalent in RA patients than in controls [34]. Dessein et al.
identified that the 31% of RA patients had carotid plaque [35]. Another study,
performed by Pope et al., reported a prevalence of carotid atherosclerotic plaque
about 35% in RA patients [36]. Protogerou et al. highlighted the importance of
carotid ultrasonography associated with the femoral one in RA cardiovascular risk
assessment [37].

Plaque rupture leads to the occurrence of clinical events. The risk of plaque
rupture is determined by its composition (calcification, lipid-rich necrotic core,
neovascularization, inflammatory cell infiltration) and, on the other hand, by the
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Carotid

Figure 1.
Common carotid artery: Ultrasonography (increased cIMT and plaques in a long-standing RA evolution;
personal collection).

presence of inflammation. Pro-inflammatory cytokines (IL-6, TNF-alpha) are related
to plaque progression and the appearance of complications [32, 35]. Skeoch et al.
demonstrated in their study the increased prevalence of atherosclerosis in RA, pro-
viding data to confirm that atheroma plaques are at high risk of complications [38].

Ruscitti et al. have shown increased incidence and prevalence of subclinical and
clinical atherosclerosis in RA patients, but reaching and maintaining remission had
positive effect on the atherogenesis development [39].

Further longitudinal studies are necessary in order to characterize the acceler-
ated atherosclerosis in RA patients [32].

5. Microvascular involvement in RA

Yki-Jarvinen et al. studied the microvascular endothelial function in RA patients,
using intrabrachial artery infusions of acetylcholine (endothelium dependent vasodi-
lation) and sodium nitroprusside (endothelium independent vasodilation). The
authors concluded that the basal blood flow was increased, correlated with the degree
of RA inflammatory activity and more inhibited by NG-monomethyl-L-arginine,
suggesting that the responsiveness to nitric oxide was reduced [40]. In another study,
Galarraga et al. identified that the systemic inflammation (evaluated by serum levels
of C-reactive protein) was independently associated with microvascular dysfunction
in RA patients [41]. Studying 65 RA patients and 40 healthy controls, Arosio et al.
showed that the RA patients presented impaired microcirculatory reactivity, endo-
thelial dysfunction, and increased arterial stiffness. The authors concluded that these
vascular alterations would be the link between RA and cardiovascular morbidity
and mortality [42]. Endothelial dysfunction in RA patients was associated with high
values of C-reactive protein and inducible nitric oxide synthase [43].

Microvascular morphological assessment may be performed by nailfold capilla-
roscopy, a noninvasive and repeatable method. By using this method, the following
parameters are evaluated: tortuosity, loop size, density, angiogenesis, capillary loss,
microbleeding, subpapillary venous plexus, and architectural structure [44].

73



Rheumatoid Arthritis - Other Perspectives towards a Better Practice

McGill and Gow studied by nailfold capillaroscopy the microvascular changes
in patients with systemic sclerosis (10 pts.), systemic lupus erythematosus (9 pts.),
and rheumatoid arthritis (11 pts.). They reported that the nailfold capillaroscopy
had a specificity of 89% and a sensitivity of 80% in the differentiation of the
capillaroscopic models of these three diseases [45]. In another study, performed
by Altomonte et al., the authors identified that in RA patients the common capil-
laroscopic changes were represented by elongation and capillary tortuosity. Besides
them, the visibility of the subpapillary venous plexus was correlated with the
endothelial dysfunction [46]. In the study performed on 80 RA patients and 30
healthy controls, Kuryliszyn-Moskal identified a significant correlation between
soluble CD4 levels and the capillaroscopy findings [47].

In present, it is considered that there is no specific capillaroscopic model for
RA [48]. Elongated and tiny loops, microhemorrhages, capillary low density, and
subpapillary venous plexus visibility are common among RA patients [5].

Microvascular involvement appears early in the RA evolution. In their study,
Scardina and Messina revealed that in patients with early RA, labial mucosa
capillaries presented alterations, as: elongation, decreased capillaries caliber com-
pared to healthy subjects. The authors suggested that the microvascular alterations
could be extremely important in the diagnosis of suspected RA patients [5].

In their article, Lin et al. presented that in RA, the most common findings
were represented by elongated and tiny capillaries and capillary tortuosity. The
subpapillary venous plexus was visualized in RA patients who had antinuclear anti-
bodies [44]. Sag et al. analyzed nailfold findings in 201 RA patients and 50 healthy
controls. The authors examined the relationship between nailfold capillaroscopic
findings and disease activity, expressed as DAS28. In 45.77% of RA patients, the
authors identified nonspecific capillaroscopy findings: tortuosity, dilated capillar-
ies, and bushy capillaries. The association of Raynaud’s phenomenon increased the
incidence of nailfold capillaroscopy abnormalities. No relation was found between
microvascular abnormalities and RA activity score [49] (Figure 2).

Bernardino et al. identified mainly a non-scleroderma capillaroscopic pat-
tern in RA patients. The authors suggested that the microvascular abnormalities
identified in RA patients represented the results of inflammation and endothelial
dysfunction [50]. Cutolo et al. highlighted that in RA patients “scleroderma-like”
capillaroscopic pattern may be found, especially in association with rheumatoid
vasculitis [51].

Figure 2.
Nailfold capillaroscopy (x200; subpapillary venous plexus visible, fragmentation of capillary blood circulation
in patient with early RA; personal collection,).
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6. Rheumatoid vasculitis

Rheumatoid vasculitis (RV) is the most serious extra-articular complication of
RA with long-term evolution, generating high rates of morbidity and mortality (up
to 40%, during 5 years) [52].

It can affect any organ or system, but the most frequent involved are the skin
(nailfold lesions, palpable purpura, and leg ulcers) and peripheral nervous system
(mononeuritis multiplex, distal symmetric sensory or sensorimotor neuropathy)
[53-55].

Due to earlier diagnosis and new therapeutic strategies for RA, the prevalence of
RV had progressively reduced over time. RV appears in RA patients with severe immu-
nological abnormalities, associating with other extra-articular manifestations [1].

RV is characterized by inflammation of small- and medium-sized arteries and
capillaries. The risk factors associated with RV are represented by RA with pro-
longed evolution (> 10 years), rheumatoid nodules, males, smoking, seropositivity
of rheumatoid factor, HLA-DRB1*0401/*0401, *0401/*0404, and *0101/*0401,
HLA-C3 [55, 56].

RV can affect any organ or system of the body [1].

Clinical features of RV are cutaneous manifestations (digital infarcts, livedo
reticularis, palpable purpura, ulcers, painful nodules, or even digital gangrene),
peripheral nervous system manifestations (mononeuritis multiplex, distal symmet-
ric sensory or sensorimotor neuropathy), and internal organ manifestations (due
to coronary, cerebral, mesenteric, renal artery involvement, much less common,
but with significant morbidity and mortality). The patients with Felty’s syndrome
develop more frequent RV [1, 54, 56].

Laboratory features of RV are represented by high levels of sedimentation rate
and C-reactive protein, thrombocytosis, anemia, high levels of anti-cyclic citrul-
linated peptide antibodies and rheumatoid factor, and decreased levels of comple-
ment in patients with RV than the patients without this complication [1, 56, 57].

The RV diagnosis is easily established in the presence of cutaneous or nervous
manifestations. Internal organ manifestations represent a challenge in establishing
the correct RV diagnosis. Diagnosis confirmation is established by histopathological
examination of the involved skin, muscle, nerve, or another affected organ [56].

In present, there are no guidelines for the RV treatment. Corticosteroids and
cyclophosphamide have been used in severe, life-threatening cases of RV. In milder
forms of RV, corticosteroids and methotrexate or azathioprine have been used.
Rituximab and corticosteroids are preferred, due to higher efficiency and lower
toxicity [55, 58, 59].

7. Conclusion
Vascular involvement in RA patients remains a chapter open to further research,

in order to develop preventive measures, early diagnosis, and efficient therapy.
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Chapter 5

Myopenia and Musculoskeletal
Aging in Rheumatoid Arthritis

Dan Xu, Jiake Xu and Lei Dai

Abstract

Rheumatoid arthritis (RA), the commonest inflammatory arthritis, is a
debilitating disease leading to decreased functional capacity, social disability
and reduced quality of life. RA affects multisystems with chronic inflammatory
disease characterized by destructive synovitis and muscular dysfunction leading
to premature musculoskeletal aging, which has been coined with many terms
including myopenia, sarcopenia, cachexia, muscle failure and muscle wasting.
Myopenia is described as the presence of clinically relevant muscle wasting due to
any illness at any age, associated with impaired muscle function, increased mor-
bidity and mortality. RA myopenia has significantly less muscle mass compared
to the general population muscle loss showing preservation or slight increase in
fat mass. RA myopenia is unique compared to chronic disease-related myopenia
in cancer, chronic heart failure, kidney disease and chronic infection as it is rarely
accompanied by a net weight loss. RA myopenia has younger-age onset compared
to elderly primary sarcopenia, while higher-grade inflammation has been consid-
ered as the pathophysiology of muscle wasting. Research, however, indicates that
inflammation itself cannot fully explain the high prevalence of muscle wasting in
RA. This chapter aims to review the literature on the casual relationships among
RA myopenia, premature musculoskeletal aging and management strategies to
delay musculoskeletal aging.

Keywords: myopenia, rheumatoid arthritis, musculoskeletal aging, chronic
inflammation

1. Musculoskeletal aging in the healthy elderly

Muscle mass decreases on advancing age with men losing more absolute and
relative muscle mass, especially most prevalent in the seventh decade and beyond
[1]. After the age of 50, approximately 1-2% per year of muscle mass is lost, and
this age-related reduction in muscle mass and strength is accompanied by intramus-
cular fat accumulation, muscle atrophy (especially the type Ila fibers), decreased
satellite cell proliferation and differentiation capacity, and reduction in motor unit
quantity. This muscle remodeling results in changes in muscle architecture that
is believed to play a key role in the loss of muscle force and power characteristic
of advanced age [2, 3]. Mitchell’s group [1] reported only 0.5-1.0% loss of muscle
mass per year after 70 and a 4.7% loss compared with peak muscle mass in men and
3.7% decrease for women per decade. Muscle strength simultaneously declines by
10-15% per decade up to 70 years of age, while the muscle strength loss accelerates
to between 25 and 40% per decade [4, 5]. Frailty may be regarded as a condition
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of transition from health to disability during aging. The concept of frailty is often
defined as the presence of fatigue, slowness, weakness, low physical activity and
exhaustion, which are all mainly related to muscle loss [6].

2. Prevalence of musculoskeletal aging in rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory disease characterized by
erosive arthritis and systemic organ involvement with the worldwide prevalence of
roughly 5 per 1000 adults. The disease may affect all ages and both sexes; usually, it
is seen in young women aged 25-45. The peak incidence is in the sixth decade with
recent studies showing that RA is among the most common inflammatory disease in
the elderly, accounting for 2% of the geriatric population [7]. The general consensus
in the literature is defining rheumatoid arthritis onset after 65 years of age being
known as elderly onset RA (EORA). EORA incidence and prevalence in different
population-based studies in the world may vary widely, depending on sex and
ethnicity [8]. One study showed the incidence rate of RA per 100,000 population
over the age of 60 being 9.1 in men and 14.5 in women [9]. A USA study showed the
prevalence of RA being 0.5-1%, with 2% in the population over 60 years [10]. The
UK-based database Norwalk Arthritis Research (NOAR) showed the incidence of
RA increasing with age [11]. The Chinese pooled prevalence showed the estimated
population prevalence of RA being 0.37% with 10% elderly onset RA [12]. This
fact will likely increase the number of patients with EORA in the coming years to
encourage research into the impact of ethnic and geographic differences on the
management of RA.

3. Myopenia, sarcopenia, cachexia, muscle failure and muscle wasting
disease as one concept in muscle aging of rheumatoid arthritis

3.1 Myopenia and sarcopenia

Myopenia is a relatively new term [13] describing the presence of clinically
relevant muscle wasting due to any illness and at any age, associated with clinically
relevant degree of muscle wasting, impaired muscle function and increased risks of
morbidity or mortality. This term would translate more sufficiently and specifically
in clinical settings than sarcopenia, which was introduced in 1988 with the original
definition being a “muscle loss” of the appendicular muscle mass in the older people
as measured by dual-energy X-ray absorptiometry [14]. In 2010, the European
Working Group on Sarcopenia for Older Persons recommended a new operational
definition of sarcopenia of aging (primary sarcopenia) including the presence of
low muscle mass, low muscle strength and low muscle function and performance
[15]. In 2018, two pieces of consensus evidences on sarcopenia of aging were
published to combine the update by the European Working Group on Sarcopenia
[16] with management of sarcopenia of aging by the International Clinical Practice
Guidelines for Sarcopenia [17]. The consensus statement confirms the requirements
of low muscle strength (low muscle quality), low muscle mass (low muscle quan-
tity) and muscle functional impairment (low muscle performance) for the clinical
diagnosis. Secondary sarcopenia, a similar term to myopenia, is associated with the
international consensus definitions specific to malignant sarcopenia in the recent
sarcopenia positional review [18]. There are several points of relevance regarding
age-related (primary sarcopenia) and disease-related (secondary sarcopenia) loss

84



Myopenia and Musculoskeletal Aging in Rheumatoid Arthritis
DOI: http://dx.doi.org/10.5772/intechopen.91270

of muscle mass. Loss of appendicular skeletal muscle mass with aging (primary
sarcopenia) occurs continuously in the order of ~5% in men and somewhat lower
in women after reaching peak muscle mass in young adulthood at about 30 years
of age by a variety of longitudinal observational studies [19, 20]. Another interest-
ing terminology related to secondary sarcopenia is sarcopenic obesity, and the
copresence of sarcopenia and obesity has been considered a more deleterious body
composition phenotype [21]. In addition to a myriad of cardio-metabolic outcomes
related to the effects of fat tissue, higher proportions of fat mass might further
affect muscle quality and increase the risk of disability and mortality [22]. A recent
Brazil study [23] concluded sarcopenic obesity, but obesity alone was not associ-
ated with obstructive sleep apnea (OSA). Both obesity and sarcopenic obesity but
not sarcopenia were associated with nocturnal hypoxemia, suggesting a complex
pathophysiologic relationship between adverse body composition states and

OSA. There are cultural difference in sarcopenic obesity with recent published data
of Chinese RA patients, which indicated the lower prevalence of obesity (Chinese
4.2% vs. Westerners 21.4-34.7%) and higher prevalence of underweight (Chinese
17.7% vs. Westerners 1.1-2.2%). Taking together, secondary sarcopenia or myopenia
has a non-linear muscle loss curve with a considerably greater magnitude than the
linear curve seen in primary sarcopenia. RA patients have significantly less muscle
mass compared to the general population, leading to the statement (Figure 1) that
myopenia is a form of premature disease-related muscular aging in association
with connective tissue diseases like rheumatoid arthritis and other chronic diseases
shown in Figure 1.

Chronic Heart Failure &
Cardiomyopathy

HIV and Immunodeficiency Cancer Cachexia

myopathy A

MYOPENIA Disease-

related muscle aging

Chronic Kidney & associated with | Chronic Obstructive

Diseases : o i
increased morbidity Pulmonary Diseases

and mortality

s
%

Connective Tissue 4| Critical Care or Intensive

Diseases (RA) Care Myopathy

v

Sarcopenic obesity and
Obstructive Sleep Apnoea

Figure 1.
Myopenia in association with connective tissue diseases like rheumatoid arthritis and other chronic diseases.
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3.2 Cachexia, muscle failure and muscle wasting disease

Rheumatoid arthritis cachexia (RAC) is characterized by high degrees of muscle
mass loss and muscle strength loss, associated with preservation or slight increase
in fat mass [24]. RAC is unique in comparison to other forms of cachexia observed
in cancer, chronic heart failure, kidney disease and chronic infection as it is rarely
accompanied by a net weight loss [25]. RAC also differs from primary sarcopenia
in the elderly as it occurs at much younger age associated with significantly higher
muscle mass loss [26]. Higher-grade inflammation has been considered as the
central component of the pathophysiology and the key driver of muscle wasting.
More recent findings, however, indicate that inflammation on its own cannot fully
explain the high prevalence of muscle wasting in RA. Thus, two lifestyle factors
including nutrition and physical activity have also been studied to indicate that
they play a significant role in muscle wasting in RA, but again neither of these
factors seems to be able to fully explain the condition. Oxidative stress is one of the
major mechanisms thought to contribute to the development and progression of
RA, but its potential contribution to muscle wasting in these patients has received
limited attention. Oxidative stress has been shown to promote muscle wasting in
healthy populations and people with several chronic conditions. Moreover, all of the
aforementioned potential contributors to muscle wasting in RA (i.e., inflammation,
nutrition and physical activity) may promote pro- or anti-oxidative mechanisms.
Muscle failure is another new term describing the combination of primary and
secondary sarcopenia, leading to a more relevant functional definition of premature
muscle aging related to rheumatoid arthritis, RA-related muscle failure instead of
myopenia. This review will put more emphasis to highlight the important clinical
implication of myopenia and premature muscular aging and discuss the various
management strategies of delaying musculoskeletal aging in RA, including muscle
regeneration via reduction in oxidative stress and early control of inflammation via
lifestyle and pharmacological interventions.

4. Genetics of RA and muscle aging

RA develops in individuals with a genetic association in RA, which is the pres-
ence of DRB1 locus in the HLA class 2 gene. The RA-associated DRB1 alleles share
alinear sequence of amino acids between positions 70 and 74 in the HLA-DRB1
chain of the HLA-DRa/b heterodimer, which has led to the ‘shared epitope’ (SE)
hypothesis [27], posing a risk factor for RA development. Jnhi DRB1 allele was
associated with early onset of disease, radiological erosion and extra-articular
findings [28]. The results of studies investigating genetic predisposition in EORA
are inadequate and contradictory [29]. RA-associated DRB1 alleles show differ-
ences in early and late onset RA as well as ethnic variants. A Spanish study found
that YORA was related to DRB1/04, while EORA was associated with DRB1/01
[30]. This study also found that increased DRB1-13/14 frequency was detected in
patients with seronegative EORA and polymyalgia rheumatica (PMR). Another
prospective study established the facts that a relationship was found between PMR
and DRB1*0101/0102/0401, while seronegative EORA was associated with DRB1-
0401. Kim and colleagues investigated the impact of HLA-DRB1 and HLA-DQB1
genes on susceptibility to disease and disease severity in EORA and YORA patients
[31]. Alleles encoding the common epitope were detected less frequently in EORA
compared with YORA with the effect of the common epitope and HLA-DQ*04
alleles being shown to be less significant. In comparison with YORA, EORA has also
been found to have less common epitope presence and less radiological progression.
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Hellier and colleagues investigated the effect of the HLA-DRB1 gene on disease
susceptibility and disease severity in EORA and YORA [32] and demonstrated HLA-
DRB1/04-related alleles were not closely associated in EORA. Thus, it is suggested
that the impact of these genes on the susceptibility to disease in EORA is not very
important. Wu and colleagues showed that the DRB1/04 allele was detected in half
of the EORA population, while the DRB1/04 frequency was 92% in patients with
RA starting before 30 years of age [33].

In terms of genetic contribution and impact on the individual variability in
muscle aging phenotypes literature on specific gene variants, it remained contro-
versial and no solid evidence exists supporting the existence of an ‘unfavorable’
genotype associated with accelerated age-related sarcopenia or loss of independent
function [34]. Although the ACTN3 R577X polymorphism is the only structural
gene for which a clear genotype effect has been shown in human muscle pheno-
types, especially for athletic women, there is controversy with regard to which allele
(R or X) plays a potential ‘favorable’ role in aging. The MSTN K153R variation is
possibly the strongest candidate to explain variance among muscle phenotypes in
the elderly, yet more research is still needed with large cohorts owing to the very low
population frequency of the ‘unfavorable’ 153R allele. Recent evidence [34] indicates
that age-related declines in muscle phenotypes are likely polygenic traits and thus
not reducible to specific polymorphisms, suggesting that future studies should con-
sider the association between muscle phenotypes in older people including complex
gene-gene interactions, interactions between genetic variants that might not influ-
ence muscle phenotypes individually and the interaction between genes and chronic
disease like rheumatoid arthritis and lifestyle risk factors such as physical activity.

It is important to determine those genetic factors that interact with aging and thus
modulate functional capacity and genetic predisposition of myopenia in rheumatoid
arthritis. It would be also clinically relevant to identify ‘unfavorable’ genotypes
associated with myopenia in rheumatoid arthritis.

5. Pathogenesis of myopenia and musculoskeletal aging in RA

Two major subtypes of RA are classified according to the presence or absence
of anti-citrullinated protein antibodies (ACPAs). Citrullination is catalyzed by the
calcium-dependent enzyme peptidylarginine deiminase (PAD), changing a posi-
tively charged arginine to a polar but neutral citrulline as the result of a post-trans-
lational modification. ACPAs can be detected in approximately 67% of RA patients
and serve as a useful diagnostic reference for patients with early, undifferentiated
arthritis and provide an indication of likely disease progression through to RA
[35, 36]. The ACPA-positive subset of RA has a more aggressive clinical phenotype
compared to ACPA-negative subset of RA [37]. It is reported that ACPA-negative
RA has different genetic association patterns [37] and differential responses of
immune cells to citrullinated antigens [38] from those of ACPA-positive subset. In
terms of standard treatment [39-41], less effective treatment response of metho-
trexate (MTX) or rituximab was observed in ACPA-negative subset. Future studies
are needed on the potential pathophysiology difference between the two subsets,
while this chapter will focus on the ACPA-positive subset of RA and divide the onset
and progression of RA process into the above-mentioned EORA and YORA. Since
the clinical, genetic and laboratory differences between EORA and YORA are not
understood yet, the immunological and hormonal changes in the elderly population
may be responsible for the physiological process characterized by reduced T-cell
proliferation, reduced antibody synthesis to vaccination and elevated proinflamma-
tory cytokine levels. Immune system changes include T-cell phenotype alteration,
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reduction in specific immune response, apoptosis defects, cytokine imbalance and
inadequate antigen presentation. With increasing age, there is a decrease in the
protective immunological response, while the reaction to autoantigens is increas-
ing [42]. In addition, self-tolerance mechanism disorders occur. As a result of
thymus involution in senescence, changes in T-cell composition, decrease in T-cell
proliferation and cytokine synthesis, as well as decreased antibody synthesis after
vaccination, were seen. In one study, elevated interleukin (IL)-6 secretion was
associated with dehydroepiandrosterone and androstenedione synthesis in patients
with EORA [43]. The acute onset and increased acute phase response seen in EORA
may be explained by increased IL-6 levels. Punzi and colleagues showed elevated
IL-6 as acute onset and increased acute phase response in the EORA synovial

fluid compared with YORA, suggesting the role of IL-6 while no differences were
detected in IL-1 and IL-8 levels [44]. Different immunoregulatory mechanisms may
be at work in the pathogenesis of RA seen in different age groups with one study by
Gamerith and colleagues showing a significantly increased anti-IgG-Fab/free aFab
ratio in patients with YORA, compared with EORA, leading to increased rheu-
matoid factor (RF) presence [45]. Myopenia in RA will be mediated by a similar
mechanism of rising IL-6, leading to premature muscle aging in YORA, while
acute-onset-induced long-term muscle damage is equivalent to premature muscle
aging in EORA. Further research is required to unlock the mechanism of premature
muscular aging in RA patients.

6. Clinical features of myopenia in rheumatoid arthritis

Myopenia in rheumatoid arthritis is a similar term to terms described above
including secondary sarcopenia, rheumatoid arthritis cachexia and muscle failure
or muscle wasting in rheumatoid arthritis. The clinical features follow the two
forms of rheumatoid arthritis including EORA and YORA with their distinctive
features. EORA has three distinct clinical patterns [46] with the most common
clinical form (70%) displaying RF positivity, joint erosions and worse prognosis
than YORA, while the second form (25%) is a PMR-like form with proximal limb
joint involvement characterized by RF negativity, being associated with acute onset,
lack of joint erosions and good prognosis. Non-erosive polyarthritis may be present
in 25% of patients with PMR as one of the main differential diagnoses [47]. The
presence of metacarpophalangeal (MCP)/proximal interphalangeal (PIP) joint
arthritis with proximal limb joint involvement is considered a predictive factor for
seronegative EORA. The third EORA pattern is featured by clinical and prognostic
similarity to RS3PE syndrome [48] with sudden onset, wrist tenosynovitis, com-
mon pitting edema in the hands, HLA-B27 positivity and spontaneous remission
within 3-18 months. EORA is not limited to the differentiate diagnosis of PMR,
but also associated with other diseases including crystal arthritis, septic arthritis,
sarcoidosis and hepatitis C [49]. In many studies [50, 51], simultaneous small and
large joint involvement is frequently seen at the onset of the disease, while RF and
anti-CCP positivity are seen at similar and/or slightly lower rates in comparison
with YORA. Acute onset, PMR-like symptoms, less rheumatoid nodule and RF
positivity were detected in EORA compared with YORA. Patients with EORA had
a lower joint score and a higher Health Assessment Questionnaire (HAQ ) score. A
recent study [52] reported the clinical and demographic characteristics of Turkish
patients with EORA displaying shoulder joint involvement being more frequent in
EORA, while PIP, MCP, elbow and ankle joint involvement were more common in
YORA. RA deformities, Sjégren syndrome (SjS) and lung involvement are less com-
mon in EORA. Weight loss, myalgia, lymphadenopathy and PMR-like symptoms
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were also more frequent in EORA, while the antibody profile (RF, ANA, anti-Ro
and anti-La) was detected less frequently in EORA. In contrast, anemia of chronic
disease, ESR and CRP elevation were more common in a study reported by van der
Heijde and colleagues [53]. Another aggressive, destructive EORA form of EORA
having more frequent acute onset, initially small and large joint involvement, PMR-
like patterns and radiological narrowing of the joint space was reported by Lance
and colleagues with radiographic erosive changes [54]. In this report, the patients
are characterized by polyarticular small joint involvement, rapid progression,
hand/wrist erosions and early hand function loss as well as 63% of these patients
reported secondary SjS compared with 25% in patients with YORA. More recently,
myopenia has been reported to be very common in Chinese RA patients that is
associated with functional limitation and joint damage in RA [55]. In another report
at the 2019 American College of Rheumatology meeting, myopenia, equivalent to
body composition disorder in elderly Chinese patients with RA, showed that elderly
female patients with myopenia were associated with severe joint damage in rheuma-
toid arthritis [56]. These studies reflected both the cultural and gender diversity of
myopenia in RA.

7. Laboratory findings in myopenia in RA

It has been well documented that lower hemoglobin and higher ESR and CRP
were detected in EORA in comparison with YORA [57]. In some studies, RF and
anti-CCP antibody positivity were reported less frequently in EORA, while in other
studies, the frequency of these antibodies was found to be similar in both groups
[51, 53, 58]. Chen and colleagues compared the pro-inflammatory cytokine levels
of patients with EORA and YORA [59] demonstrating that higher levels of IL-6
and lower levels of tumor necrosis factor o« (TNFa) were detected in EORA, associ-
ated with higher IL-6 levels being detected in patients with EORA and PMR-like
symptoms. Multivariate analysis showed that high IL-1 levels were associated with
anti-CCP antibodies, while high TNFa« levels were associated with constitutional
symptoms in patients with EORA. In comparison with YORA, acute onset, constitu-
tional symptoms and comorbidities were more frequent in patients with EORA.

8. Prognosis of myopenia in RA

There is no direct evidence for discussion with respect to the impact of myopenia
on the prognosis of RA. The prognosis of RA in terms of RA’s age of onset remains
unclear with some studies showing EORA with better prognosis compared with
YORA, while others report that they are similar or worse. The above contradictory
results may be due to different disease durations between groups examined, bias
in patient selection, and different frequencies of seropositivity between younger
and older patients. In one study, persistent arthritis was seen in 39% of seroposi-
tive patients, while in seronegative patients, this rate was only 6% [60]. In another
study, more swollen joints, radiological damage and mortality were reported in
seropositive patients in comparison with seronegative patients [61]. In other words,
RF and anti-CCP antibodies are considered poor prognostic markers in patients
with EORA. Krams and colleagues compared the characteristics of patients with
EORA and YORA in the ESPOIR cohort containing 681 patients with RA [62], and
the one-year remission rates were higher in the patients with YORA than those with
EORA showing more erosion and high HAQ scores in patients with EORA. Asa
result, at the end of the third year, patients with YORA had higher remission rates,
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less radiographic progression and lower HAQ scores compared with patients with
EORA. A Korean study evaluated 3169 Korean patients with RA [58] and showed
that the 486 patients with RA that started when they were over 60 years old were
considered to have EORA and it has been found to be an independent risk factor

for functional disability. In one study, the presence of acute pitting swelling in the
hands at the onset of the disease was shown to be a good prognostic factor [60] with
EORA presenting with pitting edema having fewer erosions compared with patients
with EORA without pitting edema. In terms of EORA mortality related to myope-
nia, there was a statistically significant increase in mortality rates in patients with
seropositive EORA compared with the general population [57], while there was not
significant difference in patients who were seronegative.

9. Treatment and management of myopenia in RA

Management of myopenia in RA will translate the latest research evidence of
treatment strategies for rheumatoid arthritis. These strategies include the optimi-
zation of lifestyle and risk factor modifications including nutrition and exercise;
pharmacological interventions include early administration of disease-modifying
antirheumatic drugs (DMARDs); and targeted strategies have been able to prevent
radiological progression, reduce morbidity and mortality, and increase functional
capacity [63, 64].

10. Exercise and myopenia/cachexia in rheumatoid arthritis

RA and exercise have been thoroughly reviewed [65] to indicate the reduced
and compromised exercise capacity in comparison with normal people due to their
RA manifestations of pain, stiffness, structural joint damage, bone density loss
and muscle weakness [66, 67]. It is well established that physical exercise programs
promote prolonged improvements [68] without inducing harmful effects on
disease activity and joint damage [69]. Recent evidence [65] has examined different
modalities of exercises including resistance training, aerobic training and combina-
tion of the two modalities. Aerobic training consists of cycling, aquatics, dancing,
walking and running. The final messages show that exercise is effective in reversing
joint damage in RA patients as long as RA-specific considerations are being taken
into account when developing exercise programs aiming to reduce CVD risk and
improve quality of life and maintaining activity of daily living functions of RA
patients. In another study [70] describing myopenia/cachexia and exercise types for
treatment, intensive progressive resistance training (PRT) can increase lean mass,
reduce fat mass, increase strength and improve function. PRT is the most effective
exercise to improve skeletal muscle size and strength, even safe when performed
at high intensity with RA patients. Resistance training increases tendon stiffness
and strengthens connective tissue, while cyclic loading (e.g., walking, cycling and
strength endurance exercises) enhances cartilage integrity and joint lubrication as
well as mobility exercises increase range of motion. In terms of symptom control
in RA patients, exercise can reduce pain and morning stiffness and even reduce
fatigue as well as improve functional ability and psychological well-being without
exacerbating disease activity. The review also discusses the improvement of patient
perceptions regarding the effects and benefits of exercise, clarifies specific exercise
recommendations and considers methods of overcoming individual barriers to
exercise. A recent study showed that hydrotherapy had a positive role in reducing
pain and improving health status of RA patients [71]. All RA patients should be
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encouraged to include some form of aerobic and resistance exercise training as part
of their routine care. More research is still required on the optimal and individual-
ized frequency, intensity, time and types (FITT model) of exercises, or when it
requires a combination of types as well as how best to incorporate exercise into the
lives of RA patients across the variable course of the disease. Large cohort studies
will be required to examine the potential ethnic differences in terms of myopenia
and muscle aging in diverse cultures such as in China, India or Africa.

11. Management of frailty and prefrailty in rheumatoid arthritis
myopenia

Frailty, which was originally considered a geriatric syndrome [72], is associated
with reduced muscle strength, exhaustion and high inflammatory markers [73, 74],
leading to perpetuation of the frailty and prefrailty cycle associated with different
frailty assessment tools [75, 76]. Frailty and myopenia share a common cardinal
clinical feature of reduced muscle strength. A recent study [77] showed that frailty
and prefrailty are common in RA patients of younger age and are more prevalent
than expected. As the prevalence of frailty increases with age, this study indicates
that it is important to counteract frailty for the treatment of myopenia in RA
patients. A very interesting aspect for further research would be to assess the frailty
status in a large sample size to investigate if the frailty score is lower in RA patients
who have entered into permanent remission after early treatment, whereby they did
not develop any joint damage, compared to age- and sex-matched patients who have
been treated less aggressively.

12. Myopenia, heart failure and premature myocardial aging in RA

RA and other autoimmune chronic inflammatory disorders including psoriasis
and inflammatory bowel diseases have been well documented to be associated
with considerably increased cardiovascular morbidity and mortality in compari-
son with the background population [78-82]. In particular, the cardiovascular
disease risk in RA patients appears to be comparable with that found in type 2 dia-
betes mellitus patients [83-85]. Conventional cardiovascular risk factors including
hypertension, obesity, dyslipidemia and diabetes mellitus with RA-specific risk
factor of increased systemic inflammation have been implicated to contribute
significantly [81, 86].

Heart failure (HF), an alternative term describing myopenia in the cardiac
muscle, has been shown by numerous public health studies to be associated with
increased inflammation and a high prevalence of cardiovascular risk factors [87,
88]. The proinflammatory cytokines of HF promote myocardial damage leading to
myopenia of cardiac muscle and other pathogenic manifestations through an array
of mechanisms including increased arterial stiffness and endothelial dysfunction
[89-95]. A number of review and population studies have examined the risk of
developing HF in RA patients and found that RA-specific HF can be independent
of cardiovascular risk factors [89, 93, 96, 97]. One of the commonest risk factors
and potential cause of HF is ischemic heart disease, which was not shown to be
responsible for the increased risks of HF in rheumatoid arthritis. This paper [93]
also demonstrated that the increased risks of non-ischemic HF in RA presented
early in association with RA severity. A more recent Danish cohort study [98] aimed
to investigate the risk of incident HF in RA patients indicated that rheumatoid
arthritis was associated with a 30% increased hospitalization for heart failure in
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comparison with the general population. The clinical Implications of these findings
add to the existing evidence that rheumatoid arthritis may be a clinically relevant
risk factor for heart failure and premature cardiac muscle aging in RA patients.
Future studies examining the value of more extensive screening of RA patients for
heart failure are warranted.

In terms of the potential mechanism for increased risks of HF in early course
of RA, RA has been associated with left ventricular concentric remodeling and
systolic and diastolic left ventricular dysfunction [89, 90, 93, 97]. RA patients are
more likely to display significantly elevated levels of circulating cardiac biomark-
ers including troponins, pro-B-type natriuretic peptides, which are recognized
as important prognostic markers of cardiac diseases, especially HF [99]. Thus,
it is highly conceivable that chronic systemic inflammation in RA may confer
an increased risk of HF and premature myocardial aging that is independent of
traditional cardiovascular risk factors.

13. Myopenia and pharmacological intervention in RA

Delaying myopenia and premature muscle aging in RA patients is closely
related to the age of onset and preclinical staging of RA. While there are no direct
evidences specifically evaluating the impact of pharmacological interventions
including synthetic DMARDS and biologics on the management of myopenia in
RA, the European League Against Rheumatism guideline advocates early aggressive
treatment with these synthetic DMARDS and biologics via their direct effect on
reducing inflammation for the purpose of reducing myopenia, delaying premature
muscle aging in RA and decreasing cardiovascular morbidity and mortality in RA
[100, 101]. These agents are also expected to exert their benefits via their direct
effect on reducing inflammation, subsequently improving joint inflammation and
function and potentially leading to increased levels of physical activity with conse-
quent reduction of other risk factors including diabetes mellitus and hypertension
[100, 101]. A recent study also demonstrates the potential mechanism of how
synthetic DMARDS and biologics reduce the risks of sudden cardiac death in RA
patients [100].

Identifying a preclinical stage and a growing understanding of the natural
history and mechanisms of RA development, alongside new potential pharmaco-
logical interventions, shape the prospect that myopenia with premature muscle
aging in RA might be preventable in future [102]. The current treatment principles
for established RA involve symptomatic management and disease modification.

A meta-analysis of 12 published studies confirmed that patients receiving delayed
DMARD:s therapy were at higher risk of developing radiographic joint space
narrowing and bony erosions [103] associated with myopenia in RA with a recent
cross-sectional study [55]. In poorly controlled RA patients, bony erosions become
more pronounced on radiographs within 2 years of onset and these erosive changes
are predictive of poorer functional outcome [104]. In a patient with otherwise
unexplained new onset polyarthritis, an urgent referral to a rheumatologist is thus
mandatory to confirm an RA diagnosis and early initiation of a DMARDs-based
treatment plan aiming for disease remission with delaying myopenia in RA and pre-
venting deformity. Oral corticosteroids are potent and effective anti-inflammatory
drugs that may contribute to disease modification [105] to delay myopenia and pro-
mote healthy aging. However, this needs to be weighed up against its well-known
adverse effects of osteoporosis. Symptomatic management remains the cornerstone
interventions throughout the course of the disease with everyday practical measures
to deal with the primary symptoms of joint stiffness including pain and fatigue via
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the mechanism of reducing systemic inflammation. This chapter is not for detailed
review and discussion of the pharmacological intervention of RA but endeavors to
provide a table from the main author’s previous review to summarize the modern

pharmacological therapies for RA (Table 1) [106].
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Table 1.

Modern pharmacologic therapies for rhewmatoid avthritis.
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In terms of the age of onset of rheumatoid arthritis, the ultimate goal of RA
treatment including EORA and YORA is to control the disease, delay myopenia
and maintain functional capacity. As discussed above on genetics, clinical
features, pathogenesis and prognosis of EORA and YORA, treatment of EORA
should not be so different from treatment of YORA. The goal of treatment
should be complete remission or low disease activity based on the principles of
treat-to-target strategies. DMARDs used in YORA may also be safely used in the
treatment of EORA as long as drug pharmacokinetics and pharmacodynamics
in the elderly can be clinically considered with closely monitoring the drug side
effect profile [107]. EORA has more comorbid diseases and high number of
medications used and consequently increasing drug-drug interactions exac-
erbating the potential side effect profile [108]. DMARDs used in patients with
EORA are limited and contradictory and are receiving less aggressive treatment
based on data from patients with EORA in the CORONA database in compari-
son with those of age- and sex-matched patients with YORA [109]. The study
[109] also showed that disease activity and disease severity were similar in both
groups. Methotrexate (MTX) use was found to be higher in patients with EORA
compared with those with YORA (63.9% vs. 59.6%), while mean MTX dose
was found to be higher in patients with YORA. The number of patients using
multiple conventional DMARDs or biological DMARDs was found to be lower in
those with EORA compared with YORA. Treatment-related toxicity was similar
in both groups, whereas toxicity due to MTX was found to be more frequent in
the case of YORA. Despite similar disease duration, disease activity and sever-
ity, patients with EORA used combined conventional DMARDs and biological
DMARD:s less frequently compared with patients with YORA. It has been well
documented that the age of onset determines the severity of the disease and
the choice of treatment [110]. According to Swiss registries, the use of first-
line corticosteroids was significantly higher in patients with EORA compared
with those with YORA, in contrast to the much lower follow-up on the use of
biological drugs [111]. Genevay and colleagues evaluated 1571 patients with RA
receiving anti-TNFa drugs [112] and demonstrated similar changes with drug
withdrawal rates and mean Disease Activity Score (DAS28) score changes in
both groups at the end of the second year. Despite clinical responses, improve-
ment in Health Assessment Questionnaire (HAQ) scores was significantly less
in patients with EORA. TNF inhibitors were slightly less or equally effective
in reducing disease activity in elderly compared with younger patients with
HAQ scores showing less improvement in patients with EORA, especially in
patients aged over 75 years [113]. There is limited evidence for the effectiveness
of tocilizumab, abatacept, rituximab and tofacitinib in EORA. Tocilizumab was
less effective in EORA compared with YORA, while the drug retention rate and
discontinuation rates because of adverse events were similar between the two
age groups [114]. There is no data on abatacept in EORA, while RCTs showed
tofacitinib to be similarly effective in both EORA and YORA [115]. In terms of
myopenia in both EORA and YORA, a recent study [116] indicates that EORA is
characterized by more equal distribution of sex, higher frequency of acute onset
with constitutional symptoms, more frequent involvement of large joints, and
lower frequency of RF positivity. Earlier diagnosis, less erosive disease and less
DMARD usage were reported as distinguishing patients with EORA from those
with YORA. Further studies require the exploration of myopenia and its severity
and impact on the prognosis of RA including both EORA and YORA, reflecting
the above-mentioned concepts of secondary sarcopenia, cachexia and frailty
with old age, potentially impacting RA prognosis in the presence of DMARD
side effects.
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14. Conclusion and future perspectives
Myopenia and premature muscular aging in RA are similar concepts, raising a
lot of research questions in terms of mechanism, lifestyle intervention, comorbidity

management and new pharmacological approach. The chapter provides the plat-
form for a discussion about the new term of myopenia and its impact.
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Abstract

Rheumatoid arthritis is a chronic, systemic inflammatory disease, with certain
evidence of multiple factors involved, but also with the strong autoimmune compo-
nent, leading to a high potential for disability, through synovial inflammation and
joint destruction. Diagnostic methods and management possibilities have recently
improved, thus leading to a better outcome, based on the treat to target recom-
mendation. Although biologic agents represent efficient therapeutic agents, in the
last few years, the advances in understanding the mediators involved in rheumatoid
arthritis pathogenesis have provided new targeted therapies, represented by small
molecule inhibitors against the Janus kinases that contribute in the signaling path-
ways of various cytokine receptors.

Keywords: rheumatoid arthritis, autoimmune disease, biologic agents, new therapies

1. Introduction

Rheumatoid arthritis (RA) is a chronic, autoimmune, systemic disease that tar-
gets primarily the synovial joint lining and causes progressive disability. Untreated,
PR leads to the destruction of the joints by the erosion of cartilage and bone mate-
rial. Loss of physical function is the aftermath, which is why early treatment is vital
for controlling disease activity and for preventing joint damage.

Angiogenesis is an important process for the growth and development of all
tissues, during which new blood vessels are formed from pre-existing vascu-
larization and play a critical role in the pathogenesis of several inflammatory
autoimmune diseases, such as PR. Angiogenesis is triggered by the dominance of
pro-angiogenic factors over endogenous angiostatic mediators. Studies conducted
over the past two decades have suggested the involvement of numerous pro-
angiogenic factors such as metabolites, ions, growth factors, hypoxia-inducible
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factors, cytokines, chemokines, extracellular matrix metalloproteinases, and
adhesion molecules, in RA pathogenesis.

Also, these pro-angiogenic factors were targets for possible therapies. Thus, the
research has led to the emergence of new therapies with a key role in modulating the
activity of the cellular immune response and inflammation in the synovial tissue.

According to studies, patients with RA, after treatment with biological agents,
showed a significant decrease compared to the initial levels of acute-phase reactants
and inflammatory proteins: C-reactive protein (CRP), the red blood cells sedi-
mentation rate (ESR), pro-inflammatory cytokines (tumor necrosis factor-alpha,
TNF-a; interleukins, IL-17, IL-8, IL-18), chemokines (CXCL12), growth factors
(angiopoietins, Ang-1, Ang-2; growth factor of vascular endothelium, VEGF),
adhesion molecules (vascular adhesion molecule 1, VCAM-1) and matrix metal-
loproteinases (MMP-9 and MMP-13).

Biological therapy has brought many benefits for patients, by improving the
prognosis, evolution, stopping or reducing destructive lesions, obtaining remission
and thus increasing the quality of life and maintaining social integration.

Biological therapy is no longer reserved only for cases that do not respond to
classical therapy, as clinical studies have shown that the number of swollen and
painful joints decreases, as well as the rate of osteoarticular destructive lesions.

2. Rheumatoid arthritis: pathogenesis

The pathological mechanisms that drive the synovial inflammation and struc-
tural damage in RA are complex.

Research in the field of RA pathogenesis has been an essential tool in the devel-
opment of disease-modifying drugs, biologic therapy, and the more recent targeted
therapy. There are separate domains of research that combine to offer a complete
picture of the disease etiopathogenesis. These include the study of trigger agents,
autoantigen-autoantibody interaction, genetic susceptibility, articular and extraar-
ticular pathology. Major disease subtypes defined by anti-citrulline peptide anti-
body (ACPA) positivity provide some differences in genetic associations, immune
response, disease severity and treatment effectiveness [1].

The presence of ACPA is highly specific for RA [2] and occurs in response to a
set of citrullinated proteins, such as fibrin, fibronectin, vimentin, type II collagen
and histones [3]. Citrullination is catalyzed by peptidylarginine-deiminase (PAD),
a calcium-dependent enzyme. Another post-translational process that drives the
formation of autoantigen in RA is carbamylation. It is defined by the change of
the amino acid lysine to homocitrulline. Smoking and chronic inflammation, both
characteristic features in the context of RA pathogenesis, are thought to enhance
the process of carbamylation [4].

A series of environmental factors, such as cigarette smoking and silica have been
associated with RA development. Smoking has provided some strong evidence of
the potential to generate citrullinated proteins. In a historical Danish twin cohort
study, Svendsen et al. concluded that 20 years of smoking doubles the risk of RA
development [5]. Environmental factors can generate an epigenetic regulation and
influence specific RA immune reactions to citrullinated proteins [6]. Exposure to
smoke, silica or carbon-derived nanomaterials can activate antigen-presenting cells
and PADs by triggering mucosal toll-like receptors.

Pathogenic infections associated with the onset of rheumatoid arthritis can
lead to a faulty immunological tolerance towards essential self-antigens. This can
subsequently cause chronic joint inflammation along with an imbalance between
the various T helper subsets [7].
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Among the infectious agents regarded as potential triggering factors,
Porphyromonas gingivalis and Aggregatibacter actinomycetemcomitans are of particu-
lar interest. Studies on both microorganisms have linked periodontal infection to
RA autoimmunity. P, gingivalis is constitutively equipped with the PAD enzyme [8].
The presence of P, gingivalis has been linked to both autoantigen release and ACPA
production [3]. Periodontal space and lungs are thus considered potential triggering
sites for RA. The role of Epstein—Barr virus (EBV), cytomegalovirus and parvovirus
B19 (B19) are controversial. Sherina et al. conclude in a 2017 study that high anti-
viral antibody levels for EBV and B19 may, in fact, have a protective role against
ACPA-positive RA [9].

When highlighting the etiopathogenesis of RA, certain species of Collinsella are
involved by establishing an increase in gut permeability, a decrease in the activity of
tight junction proteins and by way of regulating the synthesis of IL-17A at the level
of the epithelium. More broadly, gut dysbiosis has been implicated in the patho-
genesis of RA through the recruitment of essential inflammatory mediators such as
TNF-alfa, IL-6, and IL-17A [10]. One metagenome-wide association study recently
revealed a link between RA and multiple species belonging to the genus Prevotella,
such as Prevotella denticola [11].

There has not been thus far sufficient evidence to advocate for a clinical correla-
tion between an infection with Helicobacter pylori (H. pylori) and RA, despite the
results of experiments performed in vitro, which have revealed that chronic stimu-
lation of B lymphocytes with the urease made by the H. pylori leads to an increased
production of autoantibodies, specifically rheumatoid factor (RF), an immuno-
globulin M (IgM) antibody directed to the Fc portion of IgG. While RA patients are
at risk of developing peptic ulcers, it is unclear whether this is due to an increased
prevalence of H. pylori infection or because of the ample use of anti-inflammatory,
non-steroidal medication [12].

It is known that viruses can modify the clinical picture depending on genetic
background, immune responses elicited by the host and the type of virus strain
involved. Certain viruses such as parainfluenza have been associated with a higher
incidence of RA in men, and more broadly with both male and female patients
below the age of 40 [13].

There is an overall agreement that pathogenesis in RA is linked with genetic
susceptibility. Studies have found more than 100 susceptibility loci in RA patients
[14]. Twin studies in which heritability is reported to be ~60% provides strong
evidence for this matter. It is also speculated that the interplay between environ-
mental factors and genetics may, in fact, lay the foreground for the specific autoim-
mune reactions and further transition to the joint disease stage. A major genetic
risk factor associated with RA concerns the human leucocyte antigen (HLA) class
I region. The conserved amino acid sequence located at the antigen-binding site of
the antigen-presenting molecule, encoded by the alleles of HLA-DRB1 is referred to
as the shared epitope (SE) [14]. The strongest genetic associations in RA are identi-
fied in the HLA-DR1 and HLA-DR4 serotypes. Some studies do not link the HLA II
locus to ACPA response directly [15, 16], rather to the progression from ACPA(+)
to ACPA(+) RA, through a process of maturation via T cells which activate ACPA-
producing B-cells. It is assumed that SEs play an important role in the antigen
presentation process. Thus the different alleles at the SE level can influence the
interaction between HLA class-II and the specific receptor of T lymphocytes (TCR)
or between HLA class-II and antigen. Studies on SE phenotypes and specific HLA-
DRBI1 subtypes revealed that HLA-DRB1*04 has a significantly higher frequency in
RA and is associated with seropositivity independent of the smoking status [17, 18].

ACPA(+) and ACPA(-) RA patients have similar hereditability, reported
at 68% and 66%), respectively. The two serotypes display differences in genetic
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susceptibility, including a significantly lower SE contribution in the seronegative
disease of 2.4%, compared to 18% in ACPA(+) RA [19]. A major genetic risk factor
outside the HLA region concerns the protein tyrosine phosphatase non-receptor 22
(PTPN22) gene [14]. Other non-HLA susceptibility genes identified in both disease
subgroups include TNFAIP3, GIN1/C50rf30, STAT4, ANKRD55/IL6ST, BLK [14].
The protective role of specific HLA-DRBI alleles has been reported in one meta-
analysis, in which HLA-DRB1*13 accounted for a lower risk of ACPA-positive RA
[20]. Studies on the outcome of patients with undifferentiated arthritis determined
several susceptibility loci (PTPN22, TRAF1/CS, AFF3, KIF5A, TAGAP) related to
disease severity [21]. These genetic loci may provide a tipping point in the disease
progression and identify as prognosis markers for the transition to an established
RA [14].

Autoantibody secretion generated by the autoantigen release can precede the
onset of fulminant joint disease by several years [22]. High-titer RF is of high
diagnostic and prognostic value and is linked to erosive RA. ACPA is the most
specific marker antibodies for RA and is linked, similarly to RF with erosive disease.
Another autoantigen with potential pathogenetic relevance is the heterogeneous
nuclear ribonucleoprotein-A2 (RA33) which is targeted by autoreactive T cells [2].

Both the innate and adaptive immune systems contribute to initial antibody
production and further development of sustained chronic synovitis. The fibroblast-
like synoviocytes interact with cells of the innate immune system which include
macrophages, monocytes, mast cells, and dendritic cells. ACPA target citrullinated
proteins on the surface of macrophages and monocytes, which in turn enhances
the production of pro-inflammatory mediators [3]. Activated mast cells have an
essential contribution to the pro-inflammatory milieu through IL-17 A secretion
[23]. The involvement of the adaptive immune response is based on the antigen
activation of major histocompatibility complex (MHC) class II dependent on T cells
(cell-mediated immunity), cytokine release, and stimulation of B-cell antibody
production (humoral immunity).

The exact relationship between reported antibodies relating to the disease and
the pathogenic features observed remains a mystery due to lack of research. Limited
data thus far comparing RA serotypes indicate different underlying processes that
can drive parallel pathways towards similar clinical phenotypes. There is evidence
of T-cell-mediated immune dysregulation in RA irrespective of autoantibody pro-
duction [24]. Serotype distinctions include differences in immune cells subtypes,
cytokines and chemokines [25].

The synovium in patients with established RA displays an inflammatory infil-
trate composed of a heterogeneous set of immune cells. Neutrophils present in the
synovial fluid have an extended lifespan and feature an enhanced production of
reactive oxygen species and neutrophil extracellular traps (NETosis) [25]. Synovial
T cells, especially CD28-CD4+ T cells are autoreactive, produce interferon-gamma
(IFN-y) and are resistant to apoptosis [26]. Differentiated effector T cells, helper
types (Thl, Th2, Th17) contribute to cytokine secretion. Antigen-specific T cells
or T cells activated by the pro-inflammatory milieu of the synovia are capable of
stimulating monokine production by monocytes and macrophage-like synovio-
cytes, especially interleukins (IL-1, IL-6) and TNF-a [26]. The T-cell dependent
IL-17 cytokine has a significant pathogenic role by inducing cartilage degrada-
tion and bone erosion through stimulation of receptor activator of NF-«B ligand
expression on osteoblasts. The Th17 cells population is increased both in joints
and peripheral blood of patients with RA [27]. IL-23 produced by dendritic cells
promotes the survival and expansion of Th17 cells. It is thought that an imbalance
between IL-12 (Th17 inhibitor) and IL-23 secretion by dendritic cells contributes to
RA pathogenesis [26].
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Various chemokines, cytokines, growth factors, and cell adhesion molecules
promote neovascularization in the setting of chronic inflammation. In RA, there
is an abundance of angiogenic factors, of which VEGF is of major importance.
Inflammatory cytokines, such as TNF-a, IL-1, IL-6, IL-17, IL-18, granulocyte
and granulocyte-macrophage colony-stimulating factors (GM-CSF), may also
induce angiogenesis through VEGF-dependent pathway [28, 29]. Affected
patients have been shown to have high levels of VEGF and significantly lower
levels of IL-35 [30, 31].

The inflammatory cascade and synovial neoangiogenesis drive specific struc-
tural changes related to RA pathology. Synovial hypertrophy is related to abnormal
proliferation of dysfunctional fibroblast-like synoviocytes (FLS), resistant to
apoptosis. FLS sustain joint damage by the secretion of MMPs and tissue inhibitors
of metalloproteinases. Cartilage damage is induced by the action of MMPs which
cause disassembly of the type II collagen network. Also, chondrocyte apoptosis is
enhanced by cytokine, mainly IL-1 and IL-17A. Inflammatory cytokines promote
bone erosion through pro-osteoclastogenic effects. Also, osteoclast differentiation
may be induced via immune complexes and antigen-binding of ACPA on osteoclast
precursors. Bone erosions are usually located at the site where the joint capsule
inserts on the periosteum [32, 33].

3. Rheumatoid arthritis: clinical aspects
3.1 Clinical picture of early arthritis

One of the most important things to remember about RA is that it should be
diagnosed as early as possible. This is of paramount importance since rheumatoid
arthritis is a disease characterized by structural bone lesions that lead to bone
deformity and functional disability. However, trying to make an early diagnosis of
this disease can prove to be extremely difficult sometimes, and that is because there
is no specific or particular symptom or sign of either early or very early RA (eRA).

Moreover, the 2010 European League Against Rheumatism/American College of
Rheumatology (EULAR/ACR) classification criteria for RA, which tries to capture
patients as early as possible, is to be applied ONLY to people having at least one
joint with CLINICAL SYNOVITIS [34]. But, even when synovitis is present, it is not
always the expression of early RA.

While early signs and symptoms of RA can be mimicked by other diseases, there
are some which should be taken into consideration, such as fatigue, minimal joint
pain, joint warmth, joint stiffness, limping, reduction of range of motion, fever,
anemia, and depression. It is easy to see that all these are not at all specific, not even
for full blown rheumatoid arthritis and even less so for early/very eRA [35].

The interest of knowing how to interpret symptoms in eRA derives from mul-
tiple reasons, one of the most important being that it would be extremely useful (on
a personal, as well as a societal level) to be able to predict, based on the symptoms
of people, who will develop RA and who will not. Unfortunately, with the knowl-
edge we have today, this is not yet feasible. There are still too few studies designed
especially for assessing symptoms during this initial period of the disease [36].

Nevertheless, if one tries to group the symptoms which may appear during the
early stages of RA, one can delineate three categories [37]:

a.Non-specific symptoms: which are in fact, general (systemic) symptoms

produced through the intervention of pro-inflammatory cytokines, which may,
thus, intervene in any inflammatory disease, articular or not. Among them, we
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can outline fatigue, a general feeling of being “un-wellbeing,” anxiety, depres-
sion, non-specific myalgia or sharp/dull pain near the joints but not in the
joints. Sometimes there is low-grade unexplained fever and, rather frequently,
sleep disturbances which worsen the general feeling of being “un-wellbeing.”
To take just one example, fatigue, which is a very common and, frequently,
overlooked symptom in RA, correlates with active disease in the sense that it
is more pronounced when the disease activity is higher. Its origin is not well
understood; it may be the response of the organism to the presence of chronic
inflammation, mediated by the action of IL-6. Poor sleep and anemia can
contribute to fatigue in RA. This symptom can affect relationships, emotions,
mood, productivity, creativity, the general feeling of happiness. Fatigue from
RA can associate with poor appetite and weight loss [35].

All these non-specific symptoms may appear in variable proportions in people
affected by eRA and their importance resides in the significance pertaining to
the risk of a person presenting these symptoms, to develop established RA.

b.Symptoms related to the joints; may vary from mild joint stiffness (sometimes,
without having the so-called characteristics of inflammatory joint stiffness)
to non-explicable, non-specific joint pain, usually of short duration, with no
local signs of inflammation of the joint. As one can see, these are also totally
unspecific to the possibility of later developing RA; which is why their pres-
ence should prompt a very careful evaluation. On the other hand, when people
complain of joint pain, diagnosing them might be easier as pain can motivate
people to see a doctor.

c. Symptoms related to functional capacity. These symptoms interfere with one’s
ability to perform daily living activities. For instance, when one is not capable
of performing the opposing movement of the thumb, and hence, not able to
make a fist, one will not be able to open a jars lid. Likewise, if the symptoms
are located in the lower limbs, one might not be able to walk or wear shoes.

As can be ascertained, these are elements of functional disability that one can
encounter in the established RA patient, as well as in other diseases. Therefore,
as these are also non-specific to the early phase of RA, they should also be
evaluated with care, to reach a correct diagnosis, more so a therapeutic one.

Regardless of the category of symptoms an individual has, the interpretation
of their significance is much more difficult and doctors would like to be able to
have some hints as to WHAT should he investigate in order not to miss the right
diagnosis, in the given window of opportunity. Investigations should be primarily
directed to populations or subjects at high risk including female gender, smoking,
alcohol, obesity, unhealthy dietary intake, having a family member diagnosed with
RA, presence of ACPA, poor dental health, low socioeconomic status. As such,
people having symptoms of the above and also one or more of the mentioned risk
factors should be given the most attention in assessing their presenting health
condition [38].

One other method used to evaluate symptoms of eRA is to, retrospectively,
question patients with established RA about their original symptoms [39], followed
by making appropriate questionnaires, which are to be used prospectively, to make
an early diagnosis. Such an analysis of the literature on this topic was made by Stack
et al. and, reviewing 26 papers concentrating on the way patients diagnosed with
RA reported their initial symptoms, they found 5 “themes” that describe patient’s
initial complaints [39].
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The first is concerning the swelling of the joint. It was often described as being
severe and was most frequently localized at the hands and feet [40-42]. It also
has an impact on the ability to perform activities of daily living [43, 44]. Patients
reported that it was a progressive feature [45, 46] and that it was sometimes associ-
ated with some degree of joint pain [47, 48]. These findings suggest that it might be
rational to closely monitor a person complaining of recent onset sensation of joint
swelling, even if the swelling itself is not apparent to the doctor.

The second theme used by established RA patients to retrospectively describe
their initial symptoms is one of pain and local sensibility, with multiple localiza-
tions, again, more frequently, on the hands and feet [49-52] and rarely on the
shoulders and hips. Two rather descriptive patterns were identified:

a.gradual occurrence of pain: the most often used descriptors were “episodic
pain,” “gradual pain,” “easy pain,” “vague pain.” The interpretation given by
patients was usually taking into account the activities performed during the
day, therefore not much attention was given to the pain until it became persis-
tent and higher in intensity [53-55];

b.acute onset of pain: the most often used descriptors in this circumstance, were
“severe pain,” “resistant pain,” “disability provoking pain,” “unbearable pain.”
Some of the patients describe the occurrence of pain like an “on-off switch”
phenomenon. Most often, this pattern was rapidly followed by the occurrence
of other symptoms, as well. As such, this kind of joint pain is the one that will

get the patient to visit the doctor much faster [45, 46, 55].

The third theme of patients’ symptoms is joint stiffness. Quite surprisingly, this
was very briefly mentioned and patients never gave a full description, neither was
any emphasis put on the significance of the term [46]. In some instances, it was
associated with other symptoms, such as fatigue and swelling of the joint [55].

The fourth theme reported retrospectively by patients with established RA,
to describe their initial symptoms, is fatigue and muscular weakness [56]. Some
patients have reported this as the impossibility to “lift my food tray” [57] or to “lift
my toddler” [43]. It appears that fatigue is a really important feature of the begin-
ning of eRA [56]. Some patients even described a “flu-like” sensation of muscular
weakness all over their bodies [58].

The fifth and last theme that patients referred to when remembering their initial
symptoms of RA is the emotional impact of prolonged suffering [55, 59-61]. It is
easily conceivable that a state of sustained discomfort in which the patient does
not know for how long it will last and how it may evolve will produce emotional
distress. Due to this, patients reported feelings of fear, anger, anxiety, uncertainty,
ambivalence. For some patients, this emotional impact was so strong that they had
depression and even suicidal ideation [59]. When the emotional disturbance is
significant, finding a diagnosis, even that of established RA, comes as a relief [60].

These five themes revealed by Stack et al. are useful for daily clinical practice
due to the fact that they can point out of the mass of patients that a physician sees
every day, those that the physician should actively follow closely, in order to be able
to make the right diagnosis of (preferably) eRA, if this should be the case [39].

Since RA is a systemic disease, potentially affecting any organ system in the
body, in the proper context, some of the extraarticular manifestations of the
disease, can point out the necessity to further search for a correct diagnosis. Of
the numerous such manifestations, one should perhaps remember the following, as
a possible manifestation of eRA: peripheral nerve entrapment (e.g. carpal tunnel
syndrome), “idiopathic” pulmonary fibrosis or nodules, unexplained amyloidosis,
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cardiac nodules of unknown origin, cutaneous nodules (that can and should prob-
ably be biopsied when unexplained), “idiopathic” vasculitis [38].

Aswe know;, in 2014, Zhao et al. developed classification criteria for eRA, which
take into account both clinical and biological aspects of the disease and perform at a
variable but acceptable specificity and sensitivity [62, 63]. Nevertheless, they imply
that the presence of clinically evident arthritis; and this is, sometimes, not eRA,
since everybody tries to make the diagnosis as early as possible! Therefore, these
criteria are useful but will miss some of the early or very early RA cases.

One must not forget that we also have the EULAR recommendations on treat-
ment of eRA [64], which state, as one of the overarching principles that “A definitive
diagnosis in a patient with early arthritis should only be made after a careful history
taking and clinical examination, which should also guide laboratory testing and
additional procedures,” while in the recommendations it is mentioned that “Clinical
examination is the method of choice for detecting arthritis” and that “if a definite
diagnosis cannot be reached and the patient has early undifferentiated arthritis, risk
factors for persistent and/or erosive disease, including number of swollen joints,
acute phase reactants, rheumatoid factor, ACPA and imaging findings, should be
considered in management decisions. Patients at risk of persistent arthritis should be
started on DMARD:s as early as possible (ideally, within 3 months), even if they do
not fulfill classification criteria for an inflammatory rheumatological disease.” Thus,
EULAR provides us with some guidance as to how to attempt to make a diagnosis as
early as possible, as well as following it swiftly with the correct management [64].

Identifying (especially) seronegative future established RA patients in the earli-
est stage of their disease is a difficult endeavor. Until now, we do not know for cer-
tain if the symptoms of a person are, by themselves, enough to efficiently stratify
the risk of a person to develop established RA [65]. And this is an important unmet
need in the field of RA, which precludes continuous study to lower the pressure
on the healthcare system, by preventing the major, often irreversible, disabilities
associated with this disease, through better early diagnostic expertise.

3.2 Established rheumatoid arthritis

Joint pain is the universal characteristic in RA patients, but the long-standing
disease has several features, easily recognizable by a trained rheumatologist, but
often misdiagnosed by other specialists. The key to the recognition of the clini-
cal and physical findings of RA is the capability to recognize the outcome of the
synovial proliferation and inflammation [66]. As was already stated before, RA can
affect any peripheral joints, with predilection on the small joints of the hands and
feet, followed by the elbow, shoulder, ankle or knee.

3.2.1 Hand and wrist

Hand and wrist involvement with secondary deformity is a typical feature of
late RA [67, 68]. If in the eRA, the physical findings are not extensive, in the late
disease one can identify an entire panel of changes. The late, irreversible and most
prevalent changes in hands include “swan-neck” and “boutonniére” deformities,
along with metacarpophalangeal joints (MCP) swelling, subluxation and “ulnar
drift,” or ulnar deviation (Figure 1). Swelling of the MCP and wrists joints, together
with atrophy of the intrinsic muscles of the hand, leads to the aspect of the hand
like “two-humped camel’s back,” while the ulnar deviation makes it similar to
the “mole’s paw.” Persistent inflammation adjacent to ulnar styloid, together with
the laxity of the radioulnar ligament leads to a movement of the styloid under the
examiner’s pressure, similar to the “piano key” [68].
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Figure 1.
Images of the small joints of the hands and feet, showing boutonniére - arrow (A and C), swan-neck — Empty
arrow (B and C) and hammer toes deformities — arvowhead (D).

The boutonniére deformity presumes the flexion of the proximal interphalangeal
(PIP) joint and extension of the distal interphalangeal (DIP) joint [69], whereas the
swan-neck, by contrast, means hyperextension of the PIP and flexion of the DIP
[68, 70]. The cause of the boutonniére deformity is the lesion of the central slip of
the extensor tendon, secondary to tenosynovitis and PIP swelling, with the lateral
and volar displacement and conversion of the lateral bands of the extensor tendon,
into flexors of the PIP joint. In time, shortening of the tendon leads to hyperexten-
sion of the DIP joints. If the DIP swelling is disrupting the extensor tendons, the
joints will be forced to remain flexed (due to the action of the only remaining
tendons, the flexors). Besides, if the bulging of the PIP is volar, the lateral bands
subluxate dorsally, generating hyperextension in the PIP joint and the aspect of the
swan-neck deformity.

The involvement of the thumb results in severe functional impairment, due to
the loss of the grip between the index finger and the tip of the thumb. The most
prevalent pathological aspect of the thumb in RA is one of a “flails,” followed by the
boutonniére deformity, which is the same as described before, just one joint back
proximally [66].

Extensor tenosynovitis might lead to tendon ruptures, especially at the level
of the 6th compartment of extensors, while flexor tendon involvement includes
besides thickening of the tendon sheet that could generate either “trigger finger” or
a carpal tunnel syndrome [66].

It is not uncommon that the same hand develops different deformities simulta-
neously leading to a major impact on hand function and subsequently on the ability
to perform daily life activities [70].
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3.2.2 The elbow

The elbow is often involved both early and in longstanding rheumatoid arthritis.
Because of its unique role in maneuvering and positioning the hand in space, the
loss of normal motion and stability, or increased pain with the use of this joint are
all significant sources of impairment in patients with RA [71]. Synovitis of the
elbow joint can be identified by palpation between the olecranon and the epicon-
dyles, especially the lateral one. Olecranon bursitis is a common finding in patients
with RA but should be differentiated from the one appearing in polyarticular gout.
To mention, in RA it tends to be more frequently bilateral [66].

3.2.3 The shoulder involvement

The shoulder joint is a complex joint and because of its deep location it is
difficult to confirm accurately the joint effusion, or the rotator cuff tears only by
physical examination, therefore shoulder lesions are often under diagnosed [72].
When involved, it might generate limitation of motion in all planes, with suggestive
secondary scapulothoracic movement, or “shoulder pad” sign. The pain generated
by joint effusion, subacromial subdeltoid bursitis, or rotator cuff tendon tears is
often referred into the deltoid muscle. The fluid inside the biceps tendon sheet is
not uncommon [72].

3.2.4 The knee joints

Knee joint synovitis is a frequent finding in patients with RA, anterior swelling
being easily detectable through clinical examination, by the “bulge sign” or the bal-
lottement of the patella with the index finger downwards, into the fluid. The Baker
cyst is a benign fluctuant swelling of the gastrocnemius-semimembranosus bursa in
the popliteal fossa at the back of the knee [73], resulted after severe effusion at the
level of the knee joint. Hip joint involvement is associated with pain over the greater
trochanter, probably due to bursitis and pain elicited by Patrick’s test, or Flexion-
Abduction-External Rotation maneuver (FABER) [74].

3.2.5 The ankle involvement

The ankle is an important weight-bearing joint, with a lot of structures involved
in RA. Synovitis is common at the level of the tibiotalar subtalar and talonavicular
joints, with a high impact on the patient’s quality of life [75]. Tenosynovitis of
the medial or lateral compartments is increasing the functional impairment. The
forefoot comes with specific changes, including calluses under the metatarsal heads
and secondary ulcerations, or joint deformities leading to the “hammertoes” aspect
(Figure 1), resembling the piano hammer [66].

3.2.6 Other types of involvement

Bilateral pain, tenderness, swelling and limitation of jaw movements might be
the result of temporomandibular joint involvement and due to these symptoms,
patients experience limitations in their daily activities, such as eating, speaking and
swallowing.

The involvement of the cervical spine is the most serious skeletal manifestation
in patients with RA. Instabilities of the upper cervical spine can lead to headache,
neck pain, paresthesias, weakness, signs of vertebrobasilar insufficiency or neuro-
logical complications such as bowel and bladder sphincter impairment [66].
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3.2.7 Extraarticular features of RA

Most frequent extraarticular features of RA are represented by the rheumatoid
nodules, with subcutaneous disposition on the extensor surfaces and joints at sites
of chronic mechanical irritation and typical clinical characteristics [76, 77]. The
diagnosis requires sometimes biopsy to differentiate them from gouty tophi but
need no specific treatment unless they are causing pain, interference in mechanical
function, nerve compression, or other important local phenomena. It is uncom-
mon to find nodules within the first year from the disease onset, whereas it is more
like a longstanding disease feature. To note, that patients with rheumatoid nodules
are at an increased risk of developing other severe extraarticular manifestation.
Association of HLA-DRB1*04 gene and smoking were found to be important
predictors for the extraarticular disease [77].

Hematological abnormalities are not uncommon, especially anemia of different
causes, such as chronic inflammatory disease, through hepcidin intervention and
blockage of iron inside macrophages, or secondary to the gastrointestinal complica-
tion of the anti-inflammatory treatment or loss of folic acid during methotrexate
therapy. Thrombocytopenia is uncommon, usually drug-induced. More frequently,
RA patients manifest thrombocytosis of unknown cause, but correlated with dis-
ease activity and involved joint count. Lymphadenopathy is frequent in active RA,
with a benign histological pattern, usually located in axillary, inguinal or epitroch-
lear areas. The lymph nodes are usually not painful and mobile [76].

Felty’s syndrome represents the association of RA with splenomegaly and leuko-
penia (neutropenia) and usually occurs in seropositive patients with longstanding,
deforming disease with rheumatoid nodules present. Some of those patients may
also present thrombocytopenia and extremity ulcerations (lower leg) and hyper-
pigmentation of the skin, and are positive for antinuclear antibodies. To mention an
increased risk of opportunistic infections, due to neutropenia [78].

Hepatic involvement is non-specific and minimal, related mostly to treat adverse
effects, with an increase of liver enzymes that should decrease with discontinuation
of the incriminated drug. On the other hand, in up to 65% of patients with Felty’s
syndrome, there are liver abnormalities, from portal fibrosis and abnormal lobular
architecture to nodular regenerative hyperplasia [77, 78].

Pulmonary complications of RA are frequent, with men being more often affected
than women and include pleural disease, in up to 50% in autopsies studies, paren-
chymal peripheral pulmonary asymptomatic nodules (PPP nodules), that can
measure up to 8 cm in diameter, diffuse interstitial pulmonary fibrosis, or bronchi-
olitis obliterans organizing pneumonia (BOOP). Pulmonary nodules and pneumo-
coniosis appear in patients with RA and extensive exposure to coal dust (Caplan’s
syndrome), silica and asbestos. The RA- associated interstitial pneumonitis should
be distinguished from the one generated by the methotrexate toxicity, the last one
usually having a subacute onset, with low radiographic evidence of fibrosis, but
rapid symptom progression. Inflammation of the cricoarytenoid joint might lead to
other respiratory complications — upper airways obstruction [76, 79].

Heart disease presumes all cardiac structures involvement by intricate complex
mechanisms of nodule formation, vasculitis of the coronary arteries, amyloidosis,
serositis, valvulitis or fibrosis. Pericarditis is the most common cardiac feature of
heart involvement, usually asymptomatic [80, 81]. Myocardial disease secondary
to granulomatous lesions similar to rheumatoid nodules can lead to arrhythmia.
Valvular granulomatous lesions might generate dysfunctionalities at the level of the
mitral and aortic valves.

Rheumatoid vasculitis is a panarteritis, with mononuclear cells infiltrate and
fibrinoid necrosis, which leads to clinical manifestations such as peripheral
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neuropathy, palpable purpura or visceral infarcts. It is frequently associated with
increased RF, erosive disease and rheumatoid nodules [80].

Other extraarticular manifestations of RA include neurological impairment, second-
ary to mononeuritis multiplex, to nerve compression by synovial proliferation (carpal
tunnel syndrome) or to atlantoaxial subluxation; eye involvement includes keratocon-
junctivitis sicca, episcleritis or scleromalacia perforans (secondary to a perforating
rheumatoid nodule). Glucocorticoids might cause glaucoma and cataracts and chlo-
roquine derivates cause retinopathy; the gastrointestinal disease can be secondary to
mesenteric or hepatic vasculitis or associated with anti-inflammatory treatment [77].

Amyloidosis might complicate RA in up to 0.7% of patients with longstanding
disease, leading to a poor outcome, with only 58% survival rates at 4 years [76].

Bone involvement is also frequent in rheumatoid arthritis patients, secondary
to osteoclastic hyperactivity and or osteoblastic hypoactivity, in patients with
impaired moving, local effect of proinflammatory cytokines or to the adverse effect
of glucocorticoids [82].

Muscle atrophy is frequent, especially near affected joints. Inflammatory myositis
or glucocorticoid myopathy (usually with the use of higher doses) might be present
in patients with RA [76, 77].

4. Rheumatoid arthritis: imaging

Recent advances in the imaging field and therapeutic possibilities are changing
the outcome in RA. Still, conventional radiology (CR) represents the main imaging
method for rheumatoid arthritis patients’ evaluation, in daily practice. The treat to
target approach has brought into attention the new methods, ultrasonography (US)
and magnetic resonance imaging (MRI), as more sensitive and specific imaging
modalities. In this way, CR remains a method for identifying old and late changes,
lesions that already happened, while US and MRI are the methods for identifying
acute inflammatory lesions and details of small structural changes. Other methods,
such as arthrography, computer tomography (CT) or scintigraphy remain suitable
for complex cases and will not be subject to our paper [77].

Conventional radiology, a cheap and widely available method shows a wide
spectrum of changes at the level of the peripheral joints, including hands, wrists,
feet, and ankles or even larger joints (knee, shoulder, elbow), depending on the dis-
ease duration. Thus, imaging of any joint disorder, including rheumatoid arthritis
should start with this method [77].

Peripheral joint involvement shows typical radiographic changes in rheumatoid
arthritis including soft tissue swelling related to joint effusion or synovitis, juxta-
articular osteoporosis, joint space narrowing and the late disease changes, bone
erosions, and ankylosis. To note, the fact that joint space narrowing (JSN) is a good
indicator for hyaline cartilage loss, as the articular space is mainly composed of the
two-cartilage thickness sum, normally about 2 mm [83]. A comparison with adja-
cent or contralateral joints might clarify narrowing. Erosions occur earliest at the
level of the carpal bones, especially pisiform or triquetrum, at the level of the ulnar
styloid and second metacarpophalangeal (MCP) joint, in the bare area (metacarpal
head, with no cartilage) [84]. Studies showed that up to 30% of the patients do not
develop erosions in the first 2 years from disease onset, but still, most of the patients
do, a fact that led to the expert recommendation of repeating CR every 6-12 months
in eRA and every 1-2 years in late disease [85].

To quantify lesions and for a better follow-up of the disease, Sharp proposed a
scoring system of erosions and JSN of hands [86]. The modified Sharp score, proposed
by Van der Heijde, included feet, for a total of 16 areas evaluated for erosions and 15 for
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JSN in each hand and 6 areas for erosions and six for JSN in each foot [87]. Radiographic
progression can redefine remission, as clinically quiet joints often progress.

CR of the spine might show some abnormalities, especially in the cervical seg-
ment, which is involved in more than half of the patient [85]. The most frequent
finding in this area is atlantoaxial subluxation and basilar invagination [88, 89], both
identified best in a lateral radiograph, with the flexed neck. For the diagnosis of atlan-
toaxial subluxation, one should measure the distance between the anterior arch of C1
and anterior aspect of the dens of C2. Expected values in normal subjects should not
exceed 3 mm in adults and 5 mm in children. The distance higher than those cutoffs
lead to a diagnosis of subluxation and the ones higher than 8 mm require surgical
intervention. Basilar invagination diagnosis should be confirmed by MRI or CT [88].

US was recently included by EULAR recommendations on the use of imaging,
between the techniques with a potential role in RA diagnosis and management
[90, 91]. The reflection of ultrasound waves by body structures generates US images
of those structures in the greyscale (GS) [92]. Adding the Doppler technique to the
examination, we obtain information on the blood flow inside structures. The higher
the ultrasound frequency, the higher the detail on the image, but lower penetrance.
In reverse, the lower the frequency, the higher penetrance, but with a low-quality
image. Therefore, the use of appropriate probe frequencies is required for an
optimal US evaluation. The higher frequency transducers (e.g. 10-18 MHz) are
mandatory for superficial structures, such as small joints of the hands and feet and
ligaments and tendons, whereas lower frequency probes (e.g. 5-12 MHz) are useful
for deeper joints, such as hip, knee or shoulder [90].

For most of the joints, US allows visualization of most features of rheumatoid
arthritis, including joint effusion, synovial hypertrophy, bursitis, tenosynovitis or
bone erosions, being more sensitive than clinical examination for depicting subclin-
ical synovitis and other inflammatory (Figure 2), acute changes and more sensitive
than CR for detection of bony structural changes, like erosions [93, 94].

The outcome measurement in the rheumatology group (OMERACT), under the
EULAR umbrella, developed definitions for all the US findings in rheumatology,
which should be confirmed in two perpendicular planes. Thus, effusion is defined
as abnormal hypoechoic or anechoic intraarticular material, that can be displaced
and compressed, with no Doppler signal, whereas synovial hypertrophy or prolifer-
ation is defined as abnormal hypoechoic intraarticular tissue that is not displaceable
and compressible but may exhibit Doppler signal [95].

Other inflammatory, acute, feature of RA is tenosynovitis, identified by the US
as hypoechoic or anechoic thickened tissue with or without fluid within the tendon
sheath, which is seen in two perpendicular planes and which may exhibit Doppler
signal (Figure 3) [95].

Figure 2.
US images showing - synovitis of MCP joint (asterisk — synovitis, mh — metacarpal head, f — phalanx, et —
extensor tendon). Original image, from the personal archive (FLORIN VREJU).
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Figure 3.
US images showing - tenosynovitis of the tibialis posterior (asterisk — tenosynovitis) in transverse, with Doppler
activity (A) and longitudinal scan (B).

4.1 Original image, from personal archive (FLORIN VRE]JU)

Since the US is more and more used in daily practice both for diagnosis and
monitoring disease, a scoring system for synovitis became mandatory. The most
used is the one proposed by Szkudlarek et al. [96] that scored fluid as follows: grade
0 - no effusion, grade 1 - minimal amount of fluid, grade 2 — moderate (no disten-
sion of the joint capsule) and grade 3 — extensive fluid collection (with distension
of the joint capsule). The synovial hypertrophy was scored as grade 0 — none, grade
1 - minimal synovial thickening, grade 2 — synovial thickening bulging over the line
linking top of bone cortical (no extension along bone diaphysis), grade 3 - synovial
thickening bulging over the line, with extension to at list one of the bone diaphysis.
Semiquantitative grading included grade O — no flow, grade 1 - single vessel signal,
grade 2 — Doppler signal in less than half of the area of synovium and grade 3 -
Doppler signal over more than half of the synovial area (Figure 4). Recently was
developed a new combined score, Global OMERACT - EULAR Sonography Scoring
(GLOESS), which considered the higher score of GS or power Doppler (PD) as the
score for the joint [97].

The most characteristic US finding in RA is bone erosion, defined as an intraar-
ticular step-down discontinuity of the bone surface that is visible in two perpendic-
ular planes [95]. Scoring system for erosions according to Szkudlarek et al. defined
grade 0 as normal bone cortical, grade 1 as bone irregularities, but without defect in
two perpendicular planes, grade 2 — the defect is seen in two perpendicular planes,
grade 3 — extensive bone destruction [96]. A more accurate grading score for ero-
sions was the one based on irregularity size: grade 0 — no erosions, grade 1 - erosion
<1 mm, grade 2 — small erosion between 1 and 1.9 mm, grade 3 — moderate erosion,
between 2 and 4 mm, grade 4 — dimensions higher than 4 mm [98].

Validity of the method and sensitivity to change were primarily demonstrated
for all US findings by Terslev et al. [99, 100], thus making it an important imag-
ing method in the management of RA, along with other studies which confirmed
predicting value in the treatment response [101, 102], and the role in discriminating
between clinical and imaging, real remission [93, 103, 104].

However, even if the diagnosis is enhanced and not made only by the US and
even if it is highly operator dependent, ultrasonography offers a cheap and dynamic
possibility for monitoring the disease activity and progression and for assessing the
persistence of subclinical inflammation in RA [92, 93].

Magnetic resonance imaging represents a favored and favorite imaging method
in inflammatory joint diseases, as it allows evaluation of all the structures involved
in those pathologies, being able to depict synovitis, tenosynovitis, erosions and
more than this, the bone marrow edema, a feature that remains hidden to the
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Figure 4.
US images showing - tenosynovitis of flexor carpi ulnaris and wrist synovitis, with Doppler signal present
(asterisk — tenosynovitis, fcu — flexor carpi ulnaris, # — wrist synovitis).

US. MRI sequences that can be useful in RA patients include T1-weighted (T1w),
favored by short imaging times and good anatomical details, T2-weighted (T2w)
and short tau inversion recovery (STIR), both good for depicting inflammation,
such as bone marrow edema or synovitis [105]. Adding intravenous contrast agent,
like paramagnetic gadolinium (Gd) to T1w sequences allows us to visualize detailed
structural lesions and, at the same time, the tissue vascularity and perfusion,
inflamed synovium being easily recognizable. It is always advisable to use two
sequences in parallel, to compare high signals in the water-sensitive (WS) one (T2w
or STIR) with high-resolution details in the fat sensitive one (T1w). Thus, one can
identify active erosions, by a hyperintense signal in WS sequences and hypointense
signals in the T1w image [105].

As a conclusion, MRI allows identification of synovitis, tenosynovitis, and
erosions and proves to be an important tool in the diagnosis, in the disease activity
monitoring and treatment response. However, even if it brings complete informa-
tion on the peripheral joints, the use of MRI in RA patients in clinical practice
remains lower in comparison to US and CR, due to issues related to availability, cost,
and duration of an examination. More than this, it cannot offer a dynamic assess-
ment of structures [77].

5. Rheumatoid arthritis: pharmacotherapy

According to guidelines, the therapeutic approach for RA patients includes
an early start of conventional synthetic disease-modifying antirheumatic drugs
(csDMARDs), followed by biologic DMARDs (bDMARDs) and targeted synthetic
DMARDs, aimed at a low disease activity or remission.

Regarding csDMARDs, Methotrexate (MTX) remains the first therapeutic
choice, due to its immunomodulatory and immunosuppressive action, efficacy and
sustained effect; it is administered orally or subcutaneous, with doses starting from
7.5-10 mg weekly up to 20-25 mg/week, In case of MTX intolerance, leflunomide
(10/20 mg/day) or sulfasalazine (2-3 g/day) should be considered as therapeutic
agents [106]. Treatment monitoring requires CBC, ALT, AST and creatinine evalu-
ation at baseline, every 2—-4 weeks for the first 3 months, every 8-12 weeks for the
next 3—-6 months and every 12 weeks after. Screening for hepatitis B and C should
be performed before initiating the treatment. An increase over three times of
hepatic enzymes requires treatment interruption [106].

If the therapeutic target is not achieved with csDMARD therapy, bDMARDs or
tsDMARDs should represent the next approach (Figure 5) [106].
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EULAR recommendations for the management of vheumatoid arthritis with synthetic and biological disease-

modifying antirhewmatic drugs [106].

5.1 Biologic agents

Rheumatoid inflammation is initiated and maintained through immunological
pathways when activated T and B cells produce cytotoxins - directly toxic to tis-
sues — and cytokines such as TNF and interleukins (IL-1 and IL-6) — which provide
further amplifies the interaction between pro-inflammatory cells [107, 108].
Biologic bDMARD:s are licensed for the treatment of moderate-to-severe RA and

target specific T and B-cell activation by [107, 109]:

1.Inhibiting TNF (with excessive production in the synovial fluid in RA) and

reducing the progression of joint damage:
* Adalimumab,
* Certolizumab,

* Etanercept,
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¢ Golimumab,

¢ Infliximab

2.Binding of the CD80/86 receptor and preventing co-stimulation interaction
between T cells:

* Abatacept

3.Blocking the IL-1 receptor:
* Anakinra

4.Blocking the IL-6 receptor and presenting a better safety profile:
* Tocilizumab

5.Producing B-cell depletion and reducing the accumulation of bone damaging
oxygen-free radicals:

¢ Rituximab

Early use of bDMARDSs can improve patient outcomes, reduce the symptoms of
RA and modify the course of the disease, leading to remissions that can last several
years [110].

Biosimilars are highly similar molecules with equivalent therapeutic effect to
bDMARD:s, also prescribed in RA, to reduce treatment costs because they are authorized
by comparing randomized controlled trial data [109]. Biologic agents may be effective
when DMARDs therapy fails to bring improvement of the physical function, but they
present higher costs due to their complex manufacturing process [107, 109]. Biologic
agents are genetically derived from living human or animal cells as whole monoclonal
antibodies or as a specific fragment of an antibody called fusion protein [109].

Therefore, their protein structure predisposes patients to increased risk for infection,
reactivation of latent tuberculosis, development of lupus-type reaction (mostly charac-
terized by rashes, leukopenia, and thrombocytopenia) and vasculitis [107, 109, 111].

Pre-existing airway disease and interstitial lung disease have shown worsening
symptoms and increased mortality after administering biological RA treatment [111].

Therapy monitoring: all patients should perform tuberculin skin testing or
interferon-gamma release assay (IGRA) blood test before commencing anti-rheumatic
treatment with biologic agents. Pre-existing airway disease and interstitial lung disease
have shown worsening symptoms and increased mortality after administering biologi-
cal RA treatment [110]. Neurological complications similar to multiple sclerosis symp-
toms and demyelinating disorders have also been associated with bDMARDs treatment
and regular monitoring for new skin cancer is necessary regarding all patients receiving
biologic agents [111]. Patients should not receive live vaccines during treatment, except
for pneumococcal, influenza and hepatitis B which are killed vaccines [107, 109, 112].
Neurological complications similar to multiple sclerosis symptoms and demyelinating
disorders have also been associated with bDMARDs treatment and regular monitoring
for new skin cancer is necessary regarding all patients receiving biologic agents.

The bDMARDs have different pharmacokinetics properties and dosage, but sim-
ilar adverse reactions and contraindications for the TNF inhibitors (TNFi). All TNFi
increases cardiac mortality in RA patients with associated congestive heart failure
(class ITI/IV and an ejection fraction of 50% or less) [107, 109]. Lymphoproliferative
cancers, especially in children and adolescents, have been reported after using
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TNFi, therefore the US Food and Drug Administration (FDA) added a black box
warning product labeling. Patients are recommended to use appropriate skin pro-
tection. TNFi does not increase the risk of congenital malformation and is classified
as pregnancy category B (no documented human toxicity) [110, 113]. However, due
to the intense placental transfer of Ig in the third trimester, TNFi may increase the
risk of neonatal bacterial and fungal infections. The lowest risk appears in etaner-
cept and certolizumab, which are preferred for administration [113].

All in all, the following screening tests should be performed before initiating
bDMARDs therapy:

1.Full infection history and screen, chest radiographs, tuberculin skin test,
IGRA, asses risk factors for HIV, hepatitis B and C screening to exclude the
presence of bacterial or viral infection;

2.Full blood count, urinalysis;

3. Check vaccination status;

4. Check the family/patient history of demyelinating disease or malignancy;
5.Review cardiac function;

6. Antibody profile assessment: anti-nuclear antibodies (ANA) and deoxyribo-
nucleic acid (DNA).

5.1.1 Adalimumab

Adalimumab is a TNFi, fully humanized IgG1 monoclonal antibody (MAD),
with a lower risk than animal-derived agents of generating immune responses such
as injection-site reactions to anaphylaxis. It neutralizes the biological function of
TNE, therefore it is recommended in patients with moderate-to-severe active RA, in
association with methotrexate (MTX), as 40 mg subcutaneous injection or as mono-
therapy, with a 40 mg increase dosage once a week if the patient presents low rates
of disease response. Pharmacokinetic properties: the average absolute bioavailability
following a single 40 mg dose was 64%, with a terminal phase half-life of approxi-
mately 2 weeks. Pharmaceutical forms: premixed syringes or injection pens contain-
ing 40 mg, which is administered every 14 days. Therapy monitoring and specific
screening commune to all bLDMARDS: during treatment and 6 months after stopping.
Concomitant administration of adalimumab with other bDMARDs (etanercept,
anakinra, abatacept) is not recommended based upon the increased risk for infec-
tions and other potential pharmacological interactions. FKB327, a biosimilar agent,
presented pharmacokinetic equivalence and similar pharmacodynamic properties
to adalimumab, with minor differences due to formulation buffers, but not clinically
relevant [109, 114, 115]. To highlight their safety of administration in patients with
RA, biosimilars are mentioned as highly similar molecules with equivalent therapeu-
tic effect to bDMARDs [109]. Biosimilars are prescribed to reduce treatment costs
because they are authorized by comparing randomized controlled trial data [109].

5.1.2 Etanercept
Etanercept is a recombinant human soluble TNF-a receptor, produced in

Chinese hamster ovary cells. It was the first TNFi approved by FDA in November
1998 as an immune-suppressant for RA treatment. Other indications for
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etanercept are: juvenile idiopathic arthritis, spondyloarthritis, and plaque pso-
riasis. Pharmacokinetic properties: slow absorption and elimination, bioavail-
ability 76%, the long half-life of 70 hours, and the presence of renal or hepatic
impairment should not require dosage modification. Dosage: subcutaneous
injection, 25 mg twice weekly or 50 mg once weekly. In 2018, its first biosimilar
SB-4 also received approval and was developed as a single-use pre-filled syringe
available at 25 and 50 mg. SB-4 lacks l-arginine and latex in the needle shield,
which may explain the lower risk of injection site reactions in SB-4 treated
patients. The most common adverse events are upper respiratory tract infections,
nasopharyngitis, and hepatobiliary disorders. Neurological events have rarely
been reported [109, 116, 117].

5.1.3 Golimumab

Golimumab, another human MADb, prevents TNF-a binding to its receptors,
and it must be administered in combination with MTX in case of failure or intoler-
ance to other TNFi. Pharmacokinetic properties: absolute bioavailability 77%, the
terminal half-life of 18 days, passage through placenta and breast milk. Dosage:
the starting recommended dosage is 50 mg monthly, by subcutaneous injection,
with a visible clinical response after 12-14 weeks of treatment. Treatment should
be discontinued if no response appears after administering four doses of 100 mg.
Precautions and adverse reactions are similar to other TNFi [107, 109, 118].

5.1.4 Certolizumab

Certolizumab pegol is a recombinant human MAb bound to polyethylene
glycol which increases its half-life to approximately 14 days and reduces the risk
of antibody-dependent cell-mediated cytotoxicity. It is indicated in associations
with MTX for the treatment of moderate-to-severe RA in adult patients, with a
recommended starting dose of 400 mg (as 2 subcutaneous injections of 200 mg
each in 1 day) at weeks 0, 2 and 4, followed by 200 mg every 2 weeks as a main-
tenance dosage. Treatment should be discontinued if there is no response after
12 weeks of treatment. Due to its reduced placental transfer, certolizumab is
one of the safest biologic agents for use in pregnancy and can be given during all
trimesters [107, 109, 113].

5.1.5 Infliximab

Adverse reactions are mostly observed in chimeric biologic agents, such as
infliximab (which contain only 75% human antibodies), due to the development
of neutralizing antibodies also associated with decreased therapeutic effect.
Therefore, infliximab, a chimeric human-murine TNFi, which contains combined
portions of mouse and human IgG1, must be administered with a low-oral-dose of
MTX or prednisone to prevent adverse reactions. Dosage: it is the only monoclonal
antibody administered only by intravenous infusion, at a dose of 3 mg/kg at weeks
0, 2 and 6, and maintenance infusions at 8 weeks. A specific and acute infusion
reaction presents as fever, pruritus, chills, and rash, after 2 hours of receiving the
drug, however, anaphylactic shock rarely appears. Prior 30-60 minutes to inflix-
imab infusion, cetirizine 0.5 mg/kg or hydrocortisone 4 mg/kg and paracetamol
15 mg/kg are necessary to avoid infusion reactions. Lupus-like-syndrome and
vasculitis have also been reported. Blood tests should be performed to evaluate the
eventual drop of infliximab plasmatic concentration which indicates the appearance
of neutralizing antibodies [107-109].
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5.1.6 Abatacept

Abatacept is a fusion protein and a non-TNFi biologic medicine, which modu-
lates lymphocyte responses and inflammation by blocking a co-stimulatory signal
for T-cell activity. It is always recommended to be used with MTX in highly active
RA in patients without positive response in prior treatment with MTX or in patients
who have a contraindication preventing them from receiving rituximab, another
non-TNFi biologic agent. Pharmacokinetic properties: bioavailability 78%, the
terminal half-life of 14 days, placental crossing, but no transfer through breast
milk. Dosage: it can be administered as intravenous infusion depending on patient
weight: 500 mg <60 kg, 750 mg <100 kg, 1000 mg > 100 kg, every 2 weeks for two
initial doses and then every 4 weeks. Abatacept presents better persistence rates
over TNFi, even though it is a second line biologic agent [119, 120]. Alternatively,
it can be given by the subcutaneous injection of 125 mg once a week. Common
adverse reactions include headaches, nasopharyngitis and upper respiratory tract
infections, dizziness, back pain, hypertension, dyspepsia, urinary tract infections,
rash. Several studies have shown that abatacept is associated with presents a better
prognosis than other biologic agents in patients with RA and interstitial lung dis-
ease [111]. Precautions should nonetheless be taken in patients older than 65 years,
due to the increased number of reported malignancy cases [107, 108].

5.1.7 Rituximab

Rituximab binds to CD20, a protein expressed on B lymphocytes and affects B
and T-cell interaction and cytokine production, delaying bone and tissue damage.
B-cell recovery takes several months, therefore rituximab has a prolonged effect
which allows intermittent therapy based on the reactivation of arthritis symp-
toms. Dosage: clinical response is usually achieved within 16-24 weeks and both
rituximab and its biosimilar are administered in association with MTX for better
therapeutic outcomes. The first dose is 1000 mg by intravenous infusion followed
by a second dose of 1000 mg after 2 weeks, associated with intravenous methyl-
prednisolone to prevent infusion reactions. The risk of infusion reactions decreases
after every administration. Paracetamol and antihistamines may also bring benefits
to atopic patients. Rituximab is preferred to be administered to patients with a his-
tory of malignancies, due to the fact that rituximab has not been associated with an
increased risk of cancer. Contraindications for rituximab refer especially to severe
active infections and severe heart failure [107, 109].

5.1.8 Tocilizumab

Tocilizumab binds to membrane receptors specific to IL-6 and therefore inhibits
IL-6 which is involved in multiple regulation mechanisms of the immune response,
hematopoiesis, and bone metabolism. In RA, IL-6 is responsible for raised plate-
let count, protein and auto-antibody overproduction, induction of osteoclasts,
development of inflammation and joint destruction. Tocilizumab is licensed as a
treatment for RA, in association or not with MTX and in patients following other
DMARD:s failure or intolerance to them. It represents the only therapy that has
shown superiority over MTX monotherapy and other DMARDs, although the
association with other antirheumatic drugs prolonged retention of tocilizumab
[107, 109]. Furthermore, a retrospective observational study in 2019 has shown that
tocilizumab and etanercept were the most persistent drugs, referring to retention
rate and drug survival, with a median retention duration of 30.9 months. This
study demonstrates a higher efficacy specific to tocilizumab [121]. Pharmacokinetic
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properties: half-life is maintained between 6 and 18 days, depending on concen-
tration and administration rhythm. Due to its mechanism of action, tocilizumab
stimulates the action of cytochrome P450, especially CYP1A2, CYP2C9, CYP2C19,
and CYP3A4, involved in the metabolism of many other drugs such as statins,
warfarin, benzodiazepines, oral contraceptives, calcium channel blockers, theoph-
ylline, phenytoin. Tocilizumab increases the need for a higher dosage if associated
with these other classes of medicines. Patients receiving tocilizumab will present a
reduction in plasmatic neutrophils and platelets, but also a growth in plasmatic lipid
levels; treatment should not be initiated in patients with an absolute neutrophil
count less than 2 x 10° L and patients should have their cholesterol levels checked
4-8 weeks after initiating treatment with tocilizumab [107, 109, 122]. Further
cautions should be taken in patients with aminotransaminase levels greater than 1.5
times the upper limit. Dosage: it can be administered as a subcutaneous injection
once a week with a dosage of 162 mg or as an intravenous infusion with a dosage of
8 mg/kg/every 4 weeks, with a maximum of 800 mg per infusion [107, 109, 122].

Supplementary precautions should be taken in pregnancy and administration of
rituximab, tocilizumab, and abatacept, due to their limited safety documentation
when compared with TNFi [113].

5.1.9 Anakinra

Anakinra is less effective than other biologics, therefore it is not normally recom-
mended, although patients with refractory disease can follow and benefit from this
treatment. Failure of treatment in RA patients can be defined as a lack of response
in 3 to 6 months after commencing therapy or as a loss of response after a first
improvement was registered. Anakinra is a human IL-1 receptor antagonist, given
as a subcutaneous injection in combination with weekly MTX. Dosage: 100 mg/per
day, administered at approximately the same time each day. Topical glucocorticoids
can avoid injectional reactions and are recommended. Specific adverse effects:
rashes, urticaria, the elevation of hepatic enzyme levels, reproductive toxicity and a
higher risk for serious infections and pulmonary events than other biologic agents,
especially when associated with other TNF-antagonists [107, 109, 123].

5.2 Targeted synthetic DMARDs-JAK inhibitors (JAKi)

The multiple cytokines involved in the RA pathogenesis signal through Janus
kinase/signal transduction and activator of transcription pathway (JAK-STAT). JAK
represents intracellular tyrosine kinases associated with several cytokine receptors.
JAK family includes JAK1, JAK2, JAK3, and TYK2 that are paired with specific recep-
tors. Depending on the structure of their receptors, cytokines can be classified in [124]:

1. Type 1 receptors:

* ychain (IL-2, IL-7, IL-9, IL-15);

* gp 130 family (IL-6, IL-11, oncostatin M-OSM, leukemia inhibitory
factor-LIF),

* p40 subunit (IL-12, IL-23)
* and f chain cytokines receptors (IL-3, IL-5, GM-CSF).
2. Type 2 receptors include IL-10 and TNF families.
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Recently, RA therapeutic research has focused on intracellular pathways and
with advances in technology and disease knowledge, more targeted therapies were
developed. JAKi represents an attractive therapeutic resource for patients with
active moderate/severe RA, due to their oral bioavailability [124, 125].

Currently, there are two JAKi approved for RA treatment, associated with
MTX or as monotherapy: tofacitinib (selective for JAK1 and JAK3) and baricitinib
(selective for JAK1 and JAK2). Also, other agents are undergoing clinical studies:
upadacitinib and filgotinib (selective for JAK1, 74-fold selectivity for the first agent
and 28-fold for the second one), peficitinib (selective for JAK1 and JAK2) and
decernotinib (JAK3 selective) [124-127].

5.2.1 Tofacitinib

Tofacitinib, the first oral JAKi approved for RA treatment, is a targeted small
synthetic molecule, a reversible competitive inhibitor that binds to ATP binding
site of the kinase domain of JAK. It selectively inhibits signaling through cytokine
receptors associated with JAK3 and JAK1. Regarding its pharmacologic properties,
it has a pharmacokinetic profile directly related to dose, with a half-life of approxi-
mately 3 hours. It is metabolized by the liver, via cytochrome P450, primary, and
cytochrome P2C19, secondary, and eliminated renal. It is recommended for patients
with moderate to severe RA, associated with MTX or in monotherapy, in doses
of 5 mg twice a day [126]. Therapy monitoring: complete blood count should be
performed at the initiation, 4-8 weeks after and every 3 months afterward. Lipid
profile should be evaluated 4-8 weeks after initiation and according to hyperlipid-
emia guidelines if it is the case. Liver enzymes should be periodically monitored.
The recommendations for treatment interruption are presented in Table 1.

5.2.2 Baricitinib

As well as baricitinib, it should be used carefully in patients with risk factors
for deep vein thrombosis (DVT) or pulmonary embolism (PE) (old age, obesity,
history of DVT or PE, surgery or immobilization). It is not recommended in case of
pregnancy, lactation or children; it is also important to administer with caution in
patients over 75 years [127]. Baricitinib, the second agent approved for the treatment

Monitoring Action
Lipid 4-8/12 weeks after treatment Management according to
initiation and afterward according hyperlipidemia guidelines

to hyperlipidemia guidelines

Absolute neutrophil Before initiation and afterward Treatment interruption if ANC is

count (ANC) according to routine patient <1 x 10%cells/L; may be restarted once
evaluation ANC is above this value

Absolute lymphocyte Treatment interruption if ANC is

count (ALC) <0.5 x 10%cells/L; may be restarted

once ANC is above this value

Hemoglobin (Hb) Treatment interruption if Hb is
<8 g/dL and may be restarted once
Hb is above this value

Hepatic Temporary interruption if drug-
aminotransferases induced liver injury is suspected
Table 1.

Monitoring tofacitinib and baricitinib treatment [128].
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of RA is a competitive ATP kinase inhibitor, selective inhibitor of JAK1 and JAK2
(100-fold selectivity over JAK3), that reduces immune cell functions by target-

ing several cytokines (IL-6, IL-12, IL-23, IFNs, and GM-CSF) and growth factor
stimulation. By presenting less affinity for JAK3 it may be associated with decreased
immunosuppressive effects [128]. After oral administration is very fast absorbed,
with a maximum plasmatic concentration of about 90 minutes and a half-life of

14 hours that allows once a day administration. It does not have a significant liver
metabolization and is excreted in the urine, mostly unchanged. It is recommended
to reduce the dose in case of renal insufficiency, for patients with a creatinine
clearance between 30 and 60 mL/minute, and is contraindicated to be administered
when the clearance is under 30 mL/minute. It is administered in doses of 4 mg/day.
Doses of 2 mg/day should be considered for patients over 75 years, with a history

of infections or in case of persistent remission [129]. Safety and side effects: Before
therapy initiation, all patients should be tested for latent tuberculosis and viral
hepatitis and also baseline analyses must include absolute lymphocyte count (ALC),
absolute neutrophil count (ANC) and hemoglobin. Laboratory changes that may

be observed are represented by decreased hemoglobin and neutrophils, increased
hepatic enzymes, creatinine, low-density, and high-density lipoprotein. Patients
monitoring is presented in Table 1. During treatment, there were reported cases of
tuberculosis reactivation, herpes zoster, malignancy and thrombosis [127].

5.2.3 Upadacitinib

Upadacitinib is an under investigation oral JAKi, with a higher selectivity for
JAK1, which provided favorable efficacy, safety, and tolerability in the studies
conducted so far. Similar to tofacitinib and baricitinib, demonstrated inhibition of
radiographic progression in RA patients.

5.2.4 Figlotinib

Filgotinib presents a selectivity of almost 30-fold for JAK1 versus JAK2, with
dose-dependent inhibition of Th1-Th2 [124, 130]. The most frequent side effects
reported for JAK1 selective inhibitors are represented by nausea, cephalalgia, respi-
ratory and urinary infections, dose-related neutropenia and an increase in serum
levels for creatinine and hepatic enzymes [127].

6. Conclusions

The extensive research of the last two decades has concerned the diagnosis and
individual prognosis of patients with RA and also the elaboration of personal treat-
ment strategies.

Case management requires a continuous evaluation of the risk/benefit ratio of
the therapy, so that the results are optimal and with minimal adverse effects and
complications, including infections.

Also, anticipating a balance between the risks of comorbidities and the benefits
of treatment is a management strategy that must be taken into account.
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Chapter7

Self-Management in Patients with
Rheumatoid Arthritis

Wen Luo, Xiuli Zhang and Kaijing Ren

Abstract

Despite the effective pharmacological management of the disease over the last
two decades, many individuals with RA continue to have psychological distress, and
this is associated with poor outcomes. Addressing psychological issues hand in hand
with pharmacological treatment will help to maximize outcomes for people with
RA. Self-management (SM) is of utmost importance for people with rheumatoid
arthritis to minimize their complaints, reduce clinic visits, and reduce disability.
Considering the continuous update on the guidelines for disease management,
non-pharmacological management remains a poorly addressed need of importance.
In this chapter, we will introduce the current and progress of self-management in
patients with rheumatoid arthritis.

Keywords: rheumatoid arthritis, self-management, self-efficacy, patient education

1. Introduction

Rheumatoid arthritis (RA) is a severe chronic disabling disease, characterized
by joint pain and inflammation as the physical symptoms [1]. Disease-related
functional damage with limited mobility of the affected joints, significantly
decline patients’ quality of life [2]. Although medical treatment is an integral part
in rheumatoid arthritis, this disease has a major impact on patients’ life. Patients
with rheumatoid arthritis are classically influenced by five factors according to the
International Classification of Functioning (ICF): physical function, body activi-
ties, participation, individual factors, and environmental factors [3]. During the
past two decades, self-management (SM) strategies have been emphasized to help
patients with rheumatoid arthritis cope with the incapacitating symptoms of the
disease [4].

There are many different definitions of self-management worldwide. Now most
researchers in various fields accept Lorig’s definition, that is, self-management
refers to a kind of healthy behavior that maintains and improves one’s own health
through the behavior of patients; heals and manages the symptoms and symptoms
of one’s own diseases; reduces the influence of diseases on one’s own social func-
tions, emotions, and interpersonal relationships; and persistently treats one’s own
diseases. The latest theoretical study is the individual family self-management
theory proposed by Polly Ryan of the University of Wisconsin. The theory defines
self-management behavior as a complex phenomenon with internal motivation,
including context, process, and outcome. The situational part includes special
situational factors, environmental factors, and personal family factors. The special
situational factors consist of treatment, stability, and recovery of the disease.
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Figure 1.
Theovetical framework of individual and family self-management.

The environmental factors include the access and transfer channels of medical
resources, transportation, surrounding environment, work, and culture. The
individual/family factors include individual development stage, language level,
information processing mode, and ability. The process gets into knowledge and
belief, for example, self-efficacy. The outcomes include the behavior change,
symptom management, and drug treatment. The short-term outcomes consist of
treatment and healthcare costs. The long-term outcomes include health status, qual-
ity of life, and medical costs (as shown in Figure 1). According to the theory, if the
patients have enough knowledge, healthy beliefs, skills, and support, they would
try beneficial healthy behaviors. At the same time, the researchers could think from
different angles the intervention based on self-management, such as reducing the
situation. The risk factors or specific situational factors in environmental factors
can strengthen knowledge and belief (such as self-efficacy), enhance individual
self-restraint behavior, and increase social support. Therefore, the theory has a
profound guiding significance for practice. Now it has been widely used in research
design, intervention, and development of measurement tools in self-management
behavior research and has been verified in a variety of situations and groups of
people [5].

Self-efficacy is the core concept in social cognitive theory, which is usually used
to assess the efficiency of self-management in chronic disease such as arthritis,
diabetes, heart disease, and so on [6]. Improving the level of self-efficacy, which
includes developing related knowledge and skills, as well as confidence in individu-
al’s ability to accomplish the task/aim in a specific environment, changes behaviors
in pain management. Through personal experiences or from the experiences of
others, self-efficacy would be improved [7].

2. Self-efficacy for rheumatoid arthritis

Self-efficacy is an index to assess persons’ confidence to perform an appointed
task or behavior, which is one of the most important factors in terms of personal
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behavior. Self-efficacy is the core concept of Bandura’s social learning theory that
attempted to predict the human behavior by referring to the assessment of an indi-
vidual’s competence towards a specific behavior successfully [8]. The self-efficacy
theory suggests that the most influential elements for changing health behaviors are
perceived threat (influenced by perceived severity and susceptibility to the disease
and cues to action, such as increased disease symptoms and advice from others),
perceived barriers to using health behaviors, and self-efficacy which would bring
the benefits on health behaviors (outcome expectancy) and person’s ability (efficacy
expectancy).

Thus, self-efficacy of health behavior confirmed the persons’ needs to take
appropriate and meaningful action. It is nowadays the important theory in pre-
dicting and guiding health behavior. Meanwhile, some studies confirmed that
the perceived ability to perform a given behavior is strongly related to one’s actual
performance of the behavior.

3. Review of self-management interventions in rheumatoid arthritis

A recent meta-analysis revealed that such interventions provide additional ben-
efits for pain relief 20-30% as great as the effects of nonsteroidal anti-inflammatory
drug treatments [9].

The researchers suggest that the influence of self-management programs on pain
and disability is small yet significant. The researches on self-management program
for patients with rheumatoid arthritis have focused primarily on patient education,
self-expression, pain management, stress management, and depression manage-
ment. The arthritis self-management program (ASMP) has been confirmed effective
[10]. In general, self-management programs bring many benefits and decrease the
medical costs in the long term. Now self-management programs have been recom-
mended by the US National Arthritis Action Plan as an important component of
rheumatic care.

4. Traditional patient education

Traditional patient education programs are typically designed to encour-
age behavioral change and to promote healthy living by lectures or videos.
The general intent of patient education programs is to provide information to
patients with rheumatoid arthritis regarding ways to modify or adjust essential
daily activities to circumvent limitations associated with the disease process
[11]. Several studies confirm that support the benefits of educational programs
as evidenced by improvements in pain and functional and psychological status;
those programs that also incorporated behavioral interventions revealed many
good benefits [12].

Traditional patient education is the important part in treatment and nursing.
Hence, it would be helpful to enlist advantages and disadvantages for educational
relevance. Now the researchers look for better methods on patient education.

5. Mail-delivered, tailored self-management intervention
Mail-delivered, tailored self-management intervention (SMART) is a “tai-

lored print intervention” in which the intervention is tailored specifically to
the diagnosis information, medical and nursing problems, physical symptoms,
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Number Content

1 “Self-test” to help people determine how arthritis affects their lives and how to use with
the tool kit. The items include pain, fatigue, physical limitations, and health worries

2 Information sheets: working with your doctor and nurse, exercise, medications, healthy
eating, fatigue and pain management, finding community resources, and dealing with
your emotions

3 Information sheets on key process components of the ASMP: action planning, problem

solving, deciding what to try, and individualizing an exercise program

4 The Arthritis Helpbook

5 Audio relaxation and exercise compact discs (CDs)

6 Audio CD of all material printed on the information sheets
Table 1.

Mail-delivered, tailoved self-management intervention kit.

characteristic of demographics, health status, medications, self-efficacy, and
other personal features of the patients with osteoarthritis or rheumatoid arthritis
[13]. SMART based on a one-page arthritis questionnaire can construct liter-

ally billions of patient-specific responses. The elements include a questionnaire
asking questions about pain disability, exercise levels, and other arthritis-related
behaviors (Table 1) [14]. They are mailed to a central processing center. Each
successive letter builds on patient’s information from before and rewards positive
changes and gives expanded recommendations when appropriate. Each inter-
vention in mailing kits was done 4 months after the results from the previous
assessment in patients with rheumatoid arthritis. Hence, the actual length of the
intervention ranged from 12 to 18 months. Self-management kits by mail-deliv-
ered could be a good alternative for patients who cannot participate in classroom
sessions or community lectures, as well as for those in locations and times where
there are not enough potential patients to offer classes or lectures. A mailed
arthritis self-management tool kit proved effective in improving health status,
health behavior, and self-efficacy variables than traditional patient education
such as subject talks [15].

Last but not the least, the intervention by mail is a good method of self-manage-
ment in patients with rheumatoid arthritis. It is more convenient than traditional
patient education. But the effect of intervention has been easily influenced by
patients’ education, age, and other factors. Moreover, it is limited by public services,
for example, postal service [16].

6. Internet-based education

Internet-based education provides consistent program delivery, because
both the content and process are programmed [17]. The Internet arthritis self-
management program consists of password protected, interactive, web-based
instruction (The Learning Center); web-based bulletin board discussion (the
discussion center); tools that the participants can use individually, such as exercise
limbs, medication diaries, and tailored exercise programs (Tools); and The Arthritis
Helpbook, which contains all of the program content. Meanwhile, it contains
discussions of the major types of arthritis and medications and has drawings of
suggested exercises [18]. The Internet-based arthritis self-management program
(ASMP) proved effective in improving health status in 1 year and is better than the
small-group ASMP. In addition, some researches confirm the emerging literature
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supporting acceptance and utility of Internet-based programming as a venue for
self-management education and social support system among individuals with
chronic diseases [19].

The results of many researches show that the Internet-based education in arthri-
tis self-management is better than group education or traditional self-management.
However, the researchers found that the limitations of Internet-based education
are that (1) the effects of intervention have been influenced by educational level of
patients, (2) the researches cannot supervise the behaviors of patients, and (3) the
patients’ learning ability affects the results of treatment and nursing [20].

7. Pain management program

Pain has long been considered a significant source of disability and emotional
distress for persons with rheumatoid arthritis. Hence, there is an important index
or standard in pharmacological and non-pharmacological interventions to manage
the consequences of chronic diseases. In addition, some patients with rheumatoid
arthritis pain experience only a minimal response to medical intervention, which
may lead to pain inadequately managed [21].

Pain management interventions are focused on minimizing the negative emo-
tional memory of chronic pain through the establishment of effective coping strate-
gies [22]. Coping pain skills are used to increasing the available personal resources
for managing pain and improving control ability. Emotional disclosure paradigms is
a method by encouraging emotional expression of stressful life events; this method
is thought to result in decreased pain [23].

There are some empirically based arthritis-specific online sites focused on
arthritis self-management. In randomized controlled trial of adults [24], research-
ers found improvement in health distress, activity limitation, global health, and
self-efficacy. A study of an Internet-based self-management program for patients
with arthritis found that people in the experimental condition reported lower pain
intensity at posttreatment follow-up compared to people in the attention control
condition [25].

The painACTION.com is the Internet web of pain management, which includes
many informational lectures designed to enhance both knowledge and patient-
provider communication; self-assessments that give chronic pain patients the
ability to help determine confidence and awareness about self-efficacy; lessons that
deal with specific issues that face chronic pain patients and how to better navigate
those hurdles; personal stories that allow for sharing of thoughts, feelings, and
solutions from other patients suffering with similar conditions; and tools that can
help provide chronic pain persons with skill sets to help navigate their chronic pain
experiences and interactions with healthcare providers [26].

Prior to developing the arthritis module for painACTION, the researchers
conducted an assessment of the needs in 32 people with arthritis and 12 prac-
titioners to learn what was important to include in an online self-management
program. Concept mapping of qualitative data revealed that the information
about self-management and chronic pain in the literature and in the other modules
on painACTION was desired [27]. When the arthritis module was completed,
researchers conducted a randomized controlled trial to assess the efficacy of the
program for people with arthritis pain. It was hypothesized that patients random-
ized to the painACTION intervention would report increased positive cognition,
reduced negative cognition, increased frequency of self-management behaviors
[28], reduced pain, and improved functioning compared to those in the control
condition [29].
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Perhaps those with arthritis pain who receive an independent online self-
management intervention require more than 6-month period for cognitive changes
in self-efficacy and decrease pain level in arthritis. In addition, future researches of
online interventions with patients with arthritis could emphasize setting-specific
personal health behavior goals that are tracked and monitored over time to help
maximize the potential impact on pain [30].

8. Stress management programs

Stress defined as a demand upon an organism to respond to environmental
changes may have important implications on the course of rheumatoid arthritis [31].
Psychological responses to stress that might lead to physical function dysregulation
can be decreased by interventions aimed at reducing psychological stress. In the
research, stress management program usually consisted of four individual 1-hour
sessions of stress management with a trained therapist over 2 consecutive weeks and
included applied, progressive, cue-controlled, and differential relaxed techniques,
such as psychological education, breathing, visualization exercises, and so on [32].

Cognitive-behavioral treatments usually include stress management training,
which has been used in several researches with persons with rheumatoid arthritis,
and results indicate improvements in psychological variables; moreover, the joint
tenderness in patients with arthritis has been decreased in some cases [33]. Some
researches studied the long-term effects of stress management training on pain
behavior exhibited by people with rheumatoid arthritis [34]. However, the results
show that stress management based on cognitive-behavioral principles does not
have a significant impact on reducing pain behaviors in persons with RA [35].

9. Joint protection education program (JPEP)

Joint protection (JP) is a self-management method which aims to solve physical
symptoms of arthritis by reducing pain, inflammation, joint swelling, and preserv-
ing joint integrity. Some researches [36] confirm that the use of an educational-
behavioral JP program can increase coping ability among people with rheumatoid
arthritis and that it is maintained at 6-month period after education. Much of JP
education focuses on teaching the use of different movement patterns to perform
activities in daily life. Researches of JP education programs have identified that
knowledge of JP methods can be improved, as can ability to show JP skills after
education [37].

Barry [38] recommended that a number of criteria are followed when develop-
ing joint protection programs: conduct a problem analysis at the beginning of the
development; use a correct theoretical model; aim to improve knowledge, behavior,
and health status; teach effective self-management skills through strengthening
self-efficacy and learning knowledge; and involve significant others and accurately
evaluate the program. The education program aimed to enhance the self-manage-
ment strategy. Joint protection skills would be used to assess the effects of them.
Joint protection might bring many benefits in self-management and routine care.

10. Exercise program

Although people with arthritis tend to be less fit than their peers without
this condition, studies have demonstrated that persons with arthritis can safely
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participate in appropriate exercise programs to improve their physical fitness,
muscular strength, psychosocial status, and functional status [39]. On the basis of
these reports and other research findings, healthcare providers have been advising
participation in exercise programs for persons with arthritis [40].

The People with Arthritis Can Exercise (PACE) program is a community-based
program developed by the Arthritis Foundation in 1987 (revised in 1999) to
improve the self-management of arthritis through exercise [41]. This is an 8-week
program, administered twice weekly for 1 hour, is offered at disease-management
levels, and is available for widespread use in community-based settings [42]. In
summary, the study demonstrated that PACE improve symptoms and strength,
exercise endurance, and physical activity by offer two times per week. The program
was well received by the people with arthritis and instructors in a variety of com-
munities [43].

11. Fatigue management program

Many studies show that fatigue is a major issue, as important as pain, over-
whelming, unmanageable, and ignored by clinicians and healthcare providers.
The study team developed the cognitive behavior theory (CBT) intervention from
chronic pain and fatigue syndrome in arthritis self-management programs, incor-
porating experiences of rheumatoid arthritis fatigue from clinics, patients, and
healthcare providers. The program was piloted, refined, and then co-delivered by
clinical psychologist, doctors, nurses, and specialist occupational therapist, with
6 x 2 hour sessions (weeks 1-6), with a 1-hour consolidation session (weeks 7-14)
[44]. Thoughts, feelings, and behaviors related to fatigue were addressed using
reflective questioning and guided discovery to enable people to work out links by
themselves. Problem solving, goal-setting, self-monitoring in activity/rest, and
energy management aimed to help people turn cognitive and behavioral changes
into improved well-being. CBT for fatigue self-management in rheumatoid arthritis
improves fatigue impact, coping and perceived severity, and well-being [45].

12. Self-management program

Self-management is increasingly being accepted as an important part in the
management of chronic disease such as hypertension, diabetes, and so on. Self-
management interventions (SMI) are patient-centered, problem-focused, and
action-oriented, addressing physical and psychosocial issues [46]. It makes use of
educational, behavioral, and cognitive strategies to enhance patients’ abilities on
self-management [47].

Social and economic benefits research on rheumatoid arthritis has related the
financial burdens associated with prolonged disability. In response to the need
for inexpensive and effective treatments, the utility of the ASMP was confirmed
in a number of studies [48]. The arthritis self-management program (ASMP) was
designed by the Stanford Arthritis Center and is a community-based patient educa-
tion program. This program was developed as a result of a measurement of the needs
of people with rheumatoid arthritis; the ASMP covers the characteristic of arthritis,
conventional uses of medication, exercise, relaxation techniques, joint protec-
tion, nutrition, communication with physicians, and evaluation of nontraditional
treatments [49]. The ASMP was found to lead to an increase in rheumatoid arthritis
knowledge and the adoption of taught behaviors. Participants in the program also
decreased pain; the beneficial effects remained at a 20-month follow-up [50].
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The ASMP is one of the leading arthritis patient education programs in the world
serving thousands of persons with rheumatoid arthritis each year. The program has
been modified in recent years. This modification has resulted in improvement use
in assessment of arthritis knowledge and has encouraged people with rheumatoid
arthritis to seek other Arthritis Foundation services. Meanwhile, the community-
based self-management education interventions and the disease-specific Arthritis
Self-Help Course (ASHC) have been found to be effective in improving quality of
daily life and reducing healthcare costs [51].

RA-SMI has been demonstrated to have many significant benefits. Any contact
with healthcare providers with a specific disease focus appears to be beneficial for
patients with rheumatoid arthritis. There appear to be additional benefits of adding
health professional intervention and SMI. Improvements on depression and mental
health were observed in response to the SMI. Moreover, the results were main-
tained more than 12 months. The study reported that increasing in prescription
of DMARDS by patients’ medical practitioner should be viewed as a positive and
essential strategy for disease modification and reducing impairment and disability.
Empowering patients through education may allow them to be more proactive
in seeking better evidence-based medical treatments earlier. As it is one of the
important studies on RA-SMI future development which is necessary to continue
to optimist the positive outcomes of the program. In particular refinement of the
program focusing on the SE and pain outcomes needs to be planned, implemented,
and evaluated [52].

13. Nurse-led program on RA

Nurses use a booklet of the systematic identification and assess the comorbidi-
ties associated with rheumatoid arthritis. In case of a detected risk factor such as
hypertension and/or a nonoptimally managed comorbidity such as the lack of vacci-
nation against pneumococcus, the nurse reminds the patient to pay attention to the
management of such comorbidity and advises the patient to visit general practitio-
ner or rheumatologist to deal with it. Meanwhile, a report of this visit was sent to
the general practitioner and the rheumatologist of each evaluated patient [53].

Palmer et al. demonstrate [54] the short-term benefit of a nurse-led program on
RA comorbidity management and the impact of patient self-assessment of disease
activity on rheumatoid arthritis treatment intensification. Nurse-led programs have
demonstrated their benefit in the cost-effective management of disease risk fac-
tors and improved pneumococcal vaccination coverage in at-risk patients and the
management of osteoporosis with fracture risk in older women. Such evidence is
not yet achieved in the field of rheumatoid arthritis [55, 56].

14. Critical assessment of self-management approaches

Outcome research on the effectiveness of self-management programs for
people with rheumatoid arthritis is encouraging. However, support systems for the
efficacy of some interventions have been confounded by methodological limita-
tions. For example, the small sample sizes found in many researches have limited
the conclusiveness of the results. Additional missing rates are a major obstacle
when studying chronic disease and are especially problematic in the context of
rheumatoid arthritis due to the associated physical discomfort and disability. Such
factors, in addition to the diagnostic ambiguity of early-stage rheumatoid arthritis,
pose methodological challenges. In summary, randomized trials and longitudinal
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designs have produced the most definitive results regarding the utility of self-
management in rheumatoid arthritis [57].

Self-management programs that focus on active coping, such as cognitive
restructuring and relaxation training, appear to be more helpful than passive
approaches that do not encourage the application of learned skills. Overall,
the preponderance of evidence suggests that self-management programs for
rheumatoid arthritis are generally helpful for reducing the emotional responses
commonly associated with the disease. Clearly, reductions in pain and disability
can lead to improved quality of daily life; self-management programs also appear
to help offset the cumulative direct and indirect costs associated with rheumatoid
arthritis [58].

15. Practical implications for self-management methods

The success of self-management programs for rheumatoid arthritis is based
on several factors. First of all, specific skills set for the facilitator and participant
are required for different programs. For instance, programs focused on stress and
depression management frequently involve strategies which require facilitators to
have adequate training in cognitive-behavioral interventions [59]. Additionally
success is contingent upon participants motivation and ability to implement learned
strategies in their daily life [60].

Secondly, adequate financial resources are often required for many programs;
self-management programs typically require nominal yet potentially significant,
fees for materials such as workbooks and instructor costs. Given that rheumatoid
arthritis can lead to sizeable economic demands as a result of direct and indirect
medical costs, additional treatment fees may not be feasible for some persons.
Therefore, cost-effectiveness is an important consideration for program
development [61].

Last but not the least, physical limitations have been found to impact participant
performance and program adherence in programs that employ measures requiring
sustained effort or a high degree of geographic mobility [62].

16. Future directions for research and practice

Physical disability and mobility limitations can reduce the ability of persons
with RA to participate in treatment outcome studies, so future research might
examine the development of self-management programs for persons with RA who
have severe physical limitations [63]. Specifically, Internet-based delivery systems
may help to overcome the major accessibility challenges. From a methodologi-
cal standpoint, randomized controlled trials have much to offer to the study of
self-management interventions. Without randomization, comparison groups
can differ on many potentially confounding variables. Similarly, sample sizes
must be adequate in order for the literature to evolve in a definitive manner. Non-
randomized designs may be useful in some contexts, but randomized trials with a
sufficient number of participants will be critically important for future research on
the effectiveness of self-management interventions [64].

Studies of self-management programs that include examination of medical cost
offset will be highly advantageous. Evaluation of the cost-effectiveness of self-man-
agement programs will be particularly crucial for improving access and third-party
reimbursement for psychosocial interventions. Longer-term follow-up of these
patients will be of interest to evaluate the sustainability of the observed results, in
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particular with regard to the management of comorbidities but also in checking the
potential impact of the disease activity self-assessment program on other outcomes
such as disease activity and/or functional impairment [65].

Meanwhile, the study found that brain biomarkers of how people deal with
health information may be one of the important characteristics on which to indi-
vidualize health education to optimize self-management in disease [66]. The use of
brain biomarkers will facilitate the generalizability and reproducibility of research
findings and benefit self-management [67]. It is an important research direction in
the future.
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