Professor Peter C. Taylor, PhD

Pain in the joints and beyond; the challenge of rheumatoid arthritis.

Corresponding author

Peter C. Taylor MA, PhD, FRCP, FRCPE

Norman Collisson Professor of Musculoskeletal Sciences

Botnar Research Centre

Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal Sciences
University of Oxford

Windmill Road

Headington

Oxford

0OX3 7LD.

Email: peter.taylor@kennedy.ox.ac.uk

ORCID: 0000-0001-7766-6167




Summary

Pain is a common and often debilitating symptom for people living with rheumatoid arthritis (RA). Although
pain is a generic feature of inflammation, and often improves with successful treatment that targets
inflammatory pathways, pain experience may persist. Emerging data suggest that the magnitude of pain relief
may vary according to the therapeutic target of pharmacologic intervention within the inflammatory cascade.
Both inflammatory and non-inflammatory causes contribute to the pain experience which depends upon tissue
origin, peripheral sensory mechanisms and their transmission, integration, and interpretation within the nervous
system. Contemporary neuroimaging is transforming our understanding of these mechanisms and the role of
sensory, emotional, and cognitive contributions to the experience of pain. This understanding paves the way for
therapeutic approaches that recognise the existence of multiple, cognitively driven, supraspinal mechanisms for
pain modulation and may complement pharmacologic inflammation suppression. Such approaches include
neuropsychological interventions with the potential to modify human brain cortical structure and reduce
suffering that may be associated with pain experience.

Introduction

Pain is one of the most common symptoms in patients with rheumatoid arthritis (RA) and often the primary
complaint.! When people living with RA are asked about symptoms that matter most to them, pain is generally
considered to be the highest priority domain,>* up to 70% ranking pain improvement as their first concern
relative to other symptoms.’ Pain has a major impact on health-related quality of life, as illustrated by findings
of a multinational survey that being pain-free was one of the main indicators of patients with RA having a “good
day”.® Furthermore, health-related quality of life is commonly impacted by pain, poor sleep, depression, and
anxiety’ with interdependent causality.®

One of the early theories to explain pain was devised by Rene Descartes in 1644. He proposed that pain
intensity is directly related to the amount of associated tissue injury. In contrast, the contemporary view is that
pain is a complex set of neural, humoral and emotional events. It includes release of noxious mediators,
inflammation, peripheral and central sensitization, and remodelling of synaptic contacts.’ The gate control
theory of pain, proposed by Melzack and Wall in 1965'°, highlighted the role of spinal and brain mechanisms in
pain experience. The sensory transmission mechanisms underpinning acute pain experience evoked by brief
noxious inputs are generally well understood. In contrast, chronic pain syndromes, in which severe pain
experience may be associated with little or no discernible tissue injury or pathology, remain more enigmatic.
Moreover, in the context of RA, chronic pain is often associated with psychological issues although the
relationship is poorly understood. The neuromatrix theory of pain was proposed by Melzack as a conceptual
framework to examine these problems.!! In this theoretical model, the central nervous system (CNS),
comprising the brain and spinal cord, is where pain is produced, multiple parts of the brain and spinal cord
working together as a neuromatrix in response to stimuli from the body and/or the environment to create the
experience of pain. With respect to RA, while such “neurosignature” patterns may be triggered by sensory
inputs, as might occur in association with inflamed or damaged joints, they may also be generated independently
of them.

Pain has long been known to be a generic feature of inflammation and it has largely been this insight, and the
continuing influence of the Cartesian view of pain, that has guided the contemporary approach to management
of pain in RA. In this approach, great emphasis is given to a “treat-to-target” strategy which aims to regularly
adjust and escalate treatment according to response with a view to abrogating inflammation as far as safely and
feasibly possible with the primary aim of preserving function and optimising a range of long-term outcomes.!2

However, we must ask ourselves whether we can manage pain solely by focusing on treatment of the
inflammatory burden of arthritis? The neuromatrix theory of pain would suggest otherwise. Furthermore, as the
range of targeted therapies approved for RA treatment has expanded, we should consider whether
pharmacological approaches targeting different elements of the inflammatory cascade have a similar outcome
with respect to pain relief. In this viewpoint article, we will explore these issues as well as the experiential
consequences of living with pain in RA, and how advances in understanding of the neurobiological correlates of



these experiences might open the doors to the introduction of neuropsychological interventions as adjunctive
management approaches beyond pharmacological suppression of inflammation.

Do all targeted therapies provide similar relief of pain?

Despite distinct mechanisms of action, all targeted therapies have demonstrated similar efficacy for
improvement in composite scores of disease activity. But do all treatments give rise to similar responses in
terms of the subjective features of RA, such as pain?

Before we further explore this question, let us first consider how pain experience is measured in clinical trials
and practice. It is most commonly by means of a 100mm visual analogue scale (or numerical rating scale
version) representing a continuum between “no pain” and “worst imaginable pain.” The subject is asked to
indicate a score on this scale in response to a question such as “how much pain did you have in the last seven
days”. Although well validated and sensitive to change, such a measure (based on this commonly formulated
lead question) does not even tell us where in the body the pain is being experienced, let alone take into account
the many potential anatomical sources of a nociceptive signal around the joint! Furthermore, if we consider the
rich vocabulary used by patients to articulate the nature of experienced pain; i.e. stabbing, burning, pinching,
dull, sharp, pounding, stinging, to name but a few expressions, can the simplicity of the 100mm visual analogue
scale capture this complexity? Bodily pain, measured on a categorical rating scale, is also one of the variables of
the 36-Item Short Form Health Survey (SF-36), a validated measure of health-related quality of life often
employed in clinical trials of RA.!>!* It is assessed in two questions, “how much bodily pain have you had
during the past week” and “how much did pain interfere with your normal work (including both work outside
the home and housework)”. Single-item tools such as the pain visual analogue scale have a value for
measurement of overall pain in routine clinical practice. However, the crude nature of these measurement tools
widely employed in RA clinical trials is such that there are many challenging issues around reporting and
interpreting pain outcomes.!>!” More sophisticated tools are available. For example, the McGill Pain
questionnaire is a multi-dimensional, self-reporting measure of pain, validated for use in a variety of disease
settings, that assesses both the quality and intensity of experienced pain.'® Although contemporary clinical trials
in RA capture data for multiple outcomes, pain is only one of several core measures assessed and the McGill
Pain questionnaire is not used routinely because of the length of time required for the patient to correctly
complete it.

The only “small molecule”, targeted therapies in clinical use at present are inhibitors of Janus kinase (JAK)
enzymes. Four JAK inhibitors (tofacitinib, baricitinib, upadacitinib and filgotinib) are currently approved in
Europe for the treatment of RA. In clinical trials, JAK inhibitors in combination with methotrexate demonstrated
rapid and robust efficacy outcomes that are at least comparable to biologic anti-TNF in combination with
methotrexate.!®?? In the case of some endpoints, comparisons have demonstrated multiplicity-controlled
statistical superiority although the clinical relevance of the relatively small magnitude differences in these
endpoints has been questioned. However, all approved JAK inhibitors offer rapid and significant improvements
in patient reported outcomes, with particularly striking improvements in pain.?*-?" In the case of tofactinib, a
relatively selective JAK1,3 inhibitor, when used as a monotherapy in patients with an inadequate response to
conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs), differentiation from baseline was
seen as early as 3 days after treatment initiation for interactive voice response system reported pain.?® In the first
study powered to provide direct comparison of patient-reported outcomes such as pain following treatment with
tofacitinib monotherapy (5mg bd) versus tofacitinib (Smg bd) or adalimumab in combination with methotrexate
in patients with RA and an inadequate response to methotrexate, both combination treatments conferred
statistically significant and comparable improvements in pain versus tofacitinib monotherapy.?® Tofacitinib and
adalimumab were also compared in combination with concomitant methotrexate therapy in the ORAL Standard
phase III trial although this was not powered for comparisons. However, both the currently approved tofacitinib
Smg bd and higher, but no longer approved, 10mg bd doses were tested with the finding that the higher
tofacitinib dose give rise to numerically larger improvements in pain measures than observed with
adalimumab.*°

In the case of baricitinib, a JAK1,2 selective inhibitor, and upadacitinib, a JAK1 selective inhibitor, pain
amelioration differentiated from anti-TNF after only 2 or 4 weeks respectively and remained significantly
greater throughout 52 weeks of treatment. '*?° These head-to-head data generated two different hypotheses.



First, that multi-cytokine inhibition with a JAK inhibitor might account for a greater improvement in
inflammation than anti-TNF, and therefore a correspondingly larger magnitude of improvement in pain as a
generic feature of inflammation. Or second, that JAK inhibition may have a direct effect on the experience of
pain that is in addition to that mediated by suppression of inflammation. The second of these hypotheses was
investigated in a post hoc, multiple mediation analysis of data derived from the RA BEAM study'® in which the
indirect effect of treatment on pain, attributable to inflammation change, was calculated using CRP, ESR and the
swollen joint count as objective markers that represent surrogates for inflammation. The findings were
compared with the direct effect of treatment on pain, which was independent of change in CRP, ESR and
swollen joint count.’! The results were a surprise! They suggested that the indirect effect of treatment on pain,
via modulation of these inflammation surrogates, was remarkably similar between the JAK inhibitor and anti-
TNF. But the direct effect with JAK1,2 inhibition was almost double that of anti-TNF, raising the possibility
that JAK signaling may be involved in the pathobiology of non-inflammatory pain. In another exploratory
analysis of this data set, for patients achieving remission or low disease activity, improvements in mean pain
scores at week 24 were significantly greater with baricitinib than with adalimumab.®? In contrast, in a post hoc
analysis assessing the effect of tofacitinib or adalimumab on residual pain in subjects with RA and psoriatic
arthritis who achieved zero swollen joints and normalised CRP after three months of treatment, no differences in
the magnitude of residual pain reduction were observed between the two therapies.>* These observations are
consistent with the understanding that many cytokines involved in the pathogenesis of RA signal through the
JAK/STAT pathway, some of which are also be involved in pain signaling and central sensitization, where they
can mitigate pain, such as IL-4 and IL-10, or enhance pain sensitivity, such as IL-6 and GM-CSF.>* However, it
remains unclear whether JAK inhibition in general, or selective JAK inhibition in particular, has an effect on
non-inflammatory pain.

Upadacitinib 15mg od has also been compared with the biologic co-stimulation inhibitor abatacept in patients
with RA with inadequate response or intolerance to biologic disease-modifying antirheumatic drugs in the
SELECT-CHOICE phase III trial.>> All subjects received background csDMARDSs. Primary efficacy data
demonstrated that upadacitinib was superior to abatacept in the change from baseline in DAS28-CRP
components and achievement of remission after 12 weeks of treatment. At week 12, upadacitinib treated patients
had significantly greater absolute improvements in pain than those receiving abatacept and significant
differences persisted at week 24 for SF-36 physical component scale and bodily pain domain.*® However, the
median time to pain response was not significantly different for the two treatment interventions and there was no
statistically significant difference in the proportion of patients achieving minimal clinically important
differences in pain VAS at weeks 12 and 24. The patients enrolled to SELECT-CHOICE represent a population
that may be more difficult to treat. The differential improvements in pain outcomes between JAK inhibition and
active comparator seem less marked in this population than those reported in patients with an inadequate
response to methotrexate. It might be speculated that the proportional contribution of non-inflammatory
mechanisms to the reported pain endpoints may have been greater in this population than was the case in trials
recruiting subjects with an inadequate response to methotrexate. Further research will be required to investigate
the mechanisms accounting for pain amelioration and the relevance of JAK/STAT signaling in these
populations.

Interestingly, in clinical trials in people with active psoriatic arthritis and ankylosing spondylitis, upadacitinib 15
mg once daily consistently demonstrated rapid, clinically meaningful and sustained benefits on various pain end
points, including global pain, peripheral/entheseal pain, back pain and nocturnal back pain.*” Furthermore,
where an anti-TNF was employed in a comparator arm, higher proportions of patients with psoriatic arthritis
receiving upadacitinib 15 mg once daily versus adalimumab 40 mg every other week achieved improvements in
several pain assessments from week 20 onward, following comparable outcomes at earlier timepoints.

Do we treat disease activity or treat the person who has the disease?

As a result of a burgeoning array of efficacious targeted therapies, the outlook for people presenting with RA is
better than ever before in terms of inhibition of structural damage, preservation of functional status, and even
mortality. For many patients with access to these therapeutics, remission or low disease activity are achievable
goals with a corresponding reduction in disease progression and disability over time.*® Furthermore, the



benefit:risk for targeted therapies is firmly established with the advantage of long-term efficacy and safety data
for the differing drug classes.*® However, despite this expanded therapeutic armamentarium and a target driven
approach to treatment in which the disease can be so successfully treated as assessed by the target metrics, it can
be notoriously difficult to address the subjective symptoms of the person who has the disease and, in particular,
the experience of pain.

Traditionally, symptomatic pain in RA is ascribed largely to peripheral joint inflammation. However, patients
may continue to report pain even when inflammatory indices have normalised.’*** Although this is often
attributed to subclinical inflammation, in keeping with the neuromatrix model, residual pain may also be linked
to non-inflammatory mechanisms, and contributions from peripheral and central sensitization.***¢ There are
many examples of pain which are not readily reversible and considered to be due to non-inflammatory causes.
These include bone and cartilage destruction, with or without secondary osteoarthritis, that may cause
mechanical pain despite disease remission. Better understanding of these mechanisms may assist clinicians
make treatment decisions that optimize both inflammation control and pain relief.

Where do the triggers of RA pain experience originate?

The anatomical origin of peripheral arthritis pain is complex. Joints are richly innervated by sensory and
sympathetic nerves. Sensory nerves detect and transmit mechanical information from the joint to the CNS.
Postganglionic sympathetic fibres terminate near articular blood vessels where they regulate vascular tone and
blood flow.*” Nociceptors are located throughout the joint so that pain may be triggered by numerous structures
including synovium, joint capsule, ligaments, enthesis, subchondral bone, periosteum, bursae, muscle, or
others.*® But it does not arise from cartilage which is aneural. Diarthroidal joints are enveloped by a fibrous
capsule that contains synovial fluid. During inflammation, synovial blood vessels become increasingly
permeable to plasma proteins, which can leak out of the vasculature and accumulate in the intra-articular space,
raising intra-articular pressure which may be experienced as pain.*® Rupture or damage to articular ligaments
may lead to joint instability and associated pain although the mechanisms whereby altered joint biomechanics
heighten mechanosensitivity remain unclear. Conversely, mechanical stress is now emerging as a potential
trigger for RA% and tenosynovitis is predictive for development of RA.5!

Intra-articular structures are mostly innervated by C-sensory and sympathetic fibres and Ad fibres innervate
ligaments (Figure 1). Interestingly, where there is intense local inflammation in synovial joints of established
RA, sensory and sympathetic nerve fibres are absent from the superficial synovium while the deeper synovium
retains its innervation. This may reflect inflammatory damage to the peripheral terminals of nerve fibres or it is
possible that the proliferating synovium outstrips the capability of the nerve supply to innervate it.? Central
terminals of nociceptive C fibres would normally input into laminae I and II of the dorsal horn of the spinal
cord. However, if peripheral terminals of nociceptive fibres become damaged with evolving persistence of joint
inflammation in early RA, this may lead to withdrawal of central terminals of nociceptive fibres. Subsequently,
laminae I and IT become occupied by AP nerve fibres, responsible for proprioception in the joint, which sprout
in from the adjacent laminae IIT and IV. If proprioceptive nerve fibres input into a nociceptive area of the spinal
cord, the patient might report the experience of pain on normal range of movement.

In acute pain of early RA, patients generally report that pain is experienced as localised to an inflamed area,
suggesting rapid afferent transmission via the neospinothalamic tract which has few synapses and constitutes the
classical lateral spinothalamic tract. In more established RA, patients often report diffuse, poorly localised
chronic pain suggesting transmission via the phylogenetically older paleospinothalamic tract (Figure 2). Most of
the first-order nociceptive neurons make synaptic connections in lamina II (substantia gelatinosa) of the dorsal
horn and the second-order neurons make synaptic connections in laminae IV-VIII. Second-order neurons also
receive input from mechanoreceptors and thermoreceptors so that nerve cells that furnish the paleospinothalamic
tract are multi-receptive, or wide dynamic range, nociceptors. The paleospinothalamic pathway also activates
brain stem nuclei which are the origin of a descending pain suppression pathway regulating noxious input at the
spinal cord level. 33

RA is associated with reduced intracranial volume in comparison to healthy control subjects.** However, cortical
gray matter is not reduced and there is increased subcortical gray matter content in the basal ganglia. These



changes may be the result of altered motor control or prolonged pain processing and influence behaviour responses
to adverse stimuli.** Functional magnetic resonance imaging (fMRI) has been employed to investigate brain
activation in response to painful stimulation over a finger joint compared with a neutral area (thumbnail) in
patients suffering from RA compared to healthy controls. Subjects with RA exhibited significantly less activation
in brain regions related to pain and somatosensory processing during painful joint stimulation, as compared to
healthy control subjects. However, no group difference in cerebral pain processing was found for the non-affected
thumbnail. Within subjects with RA, significantly less brain activation was found in response to painful
stimulation over disease-affected joints compared to non-affected thumbnails in bilateral primary and secondary
somatosensory cortex, and anterior insula. The findings indicate normal pain sensitivity and cerebral pain
processing in RA for non-affected sites, while the increased sensitivity at inflamed joints suggest peripheral/spinal
sensitization. Of note, brain imaging data suggest that there is aberrant disease-relevant pain processing in RA
and failure to initiate top-down regulation from the cortical regions.> In fact, contemporary neuroimaging data
derived from structural and functional MRI are transforming the understanding of brain pain processing in RA
and suggest that symptoms may be related to aberrant brain functional connectivity rather than classic
inflammatory mechanisms.>® There is increased connectivity in people with RA between frontal midline brain
regions that are implicated in affective pain processing and bilateral sensorimotor regions. These same individuals
with RA also show increased sensitivity to supra-threshold pressure pain in affected joints and report a higher
global pain intensity.’” Interestingly, resting-state functional connectivity between the left anterior long insular
gyrus (a subdivision of the insular cortex) and the anterior cingulate cortex is significantly associated with
improvement in global assessment of disease (which is highly influenced by pain experience) on therapeutic
response to biologic treatment.>®

Pain is the greatest predictor for failure to achieve a patient global assessment (PGA) <1 and therefore not
achieving Boolean remission.***° The presence of neuropathic pain may be a particular barrier to achieving “deep
remission” in RA: 13% of a cohort of 115 people with early RA treated with csDMARDs and bDMARDs and
assessed at 6 months were classified as having neuropathic pain according to the painDETECT Questionnaire.®!
Central sensitization refers to a situation in which there is increased responsiveness of nociceptive neurons in the
central nervous system to their normal or subthreshold afferent input. As a consequence, non-painful peripheral
stimuli become interpreted as painful (allodynia) and painful peripheral stimuli, for example, pinprick, are
interpreted as overly painful (hyperalgesia). Inflammatory conditions such as arthritis share many of the features
that are observed following peripheral nerve damage. A fundamental difference between tissue hypersensitivity
in association with inflammation and neuropathic pain is that in the former the pain is relieved when inflammation
has resolved but in the latter, it may persist after healing of the primary event.®

Nociplastic pain is the semantic term suggested by pain researchers to describe a third category of pain that is
mechanistically distinct from nociceptive pain, which is caused by ongoing inflammation and damage of tissues,
and neuropathic pain, which is caused by nerve damage. The mechanisms that underlie this type of pain are not
entirely understood, but it is thought that augmented CNS pain and sensory processing and altered pain
modulation play prominent roles.®* Although the proposed definition identifies nociplastic pain as a unique
category devoid of actual or threatened tissue or somatosensory damage, there is evidence for the overlap of
nociceptive, neuropathic, and nociplastic pain, indicating that nociplastic pain is not a distinct entity, but part of
a chronic pain continuum that characterises patients with fibromyalgic features which may also co-exist in
people with RA.

Many factors contribute to the experience of pain for people with RA

When we consider the reported pain experience by an individual with a diagnosis of RA, it is important to
remember that many factors unique to that person may impact their perception of pain.** For example, in
individuals with RA, sleep disturbance is reported to affect between 38-86% and may contribute to enhanced
pain sensitivity;®® anxiety may affect 23-46% and is associated with higher pain scores;% similarly, depression
may affect 5-41% and pain scores may be correspondingly elevated.®® There is a reciprocal relationship between
pain experience, emotional health, psychosocial function and cognition in RA. %7 For example, the magnitude of
functional impairment due to RA-related pain is positively correlated with measures of depression and
anxiety®®® and anxiety and depression are predictive of increased pain intensity’® and decreased physical



function.”! Conversely, the introduction of positive emotions may ameliorate this relationship between pain and
negative affect,’? and reduce pain intensity over time.”® Pain catastrophizing, characterised by feelings of
helplessness, ruminative thoughts, and the tendency to magnify negative consequences of pain, is predictive of
poor physical and psychological outcomes in RA.%7

In every day clinical practice, theumatologists commonly observe that sensory (pain, stiffness), emotional
(stress, depression, anxiety) and cognitive (catastrophizing) domains negatively impact our patients with RA.
Contemporary advances in neurobiological understanding shed light on this overlap between people who may
present either to psychiatry or theumatology clinics.”* Brain regions that are commonly implicated in affective
and cognitive disorders including the prefrontal cortex, anterior cingulate cortex, amygdala, insula and nucleus
accumbens are also involved in negative affectivity that may accompany persistent pain. The pain experience
for an individual with RA will depend on cerebral processing involving sensory, associative and limbic
neocortical structures that play a critical role in shaping the perceived unpleasantness of the incoming noxious
signals.” The anterior cingulate cortex is strongly implicated in contributing to the various negative experiences
in the context of chronic pain, including that of unpleasantness.”® The perceived unpleasantness of chronic pain
may be encoded by postsynaptic long-term potentiation and involve alterations in AMPA-receptor function. In
contrast, anxiety associated with chronic pain may be encoded by presynaptic long-term potentiation, involving
an increase chance of transmitter release. As the signal (unpleasantness) and salience (how prominent or
emotionally striking it is) are encoded by entirely independent mechanisms, they may even be additive.”®”’

As pain is a highly subjective experience that is difficult to assess objectively, much of the literature purporting
to be about “pain” is actually to do with “suffering”. Suffering, according to Cassell’s seminal
conceptualisation,’ is a state of severe distress associated with events that threaten the intactness of the person.
A definition of pain has recently been revised by a task force for the International Association for the Study of
Pain (IASP) following two years of deliberation and published in 2020. The revised IASP definition of pain is
now “an unpleasant sensory and emotional experience associated with, or resembling that associated with,
actual or potential tissue damage”.” Pain is more likely to give rise to suffering when it is difficult to control, if
its effects are intrusive in everyday life, or if no resolution can be envisaged. Unlike pain, suffering is not a
phenomenon that can be reduced beyond the whole person. This is acknowledged in everyday language; for
example, a knee or a wrist may hurt, but only “I” suffer. Suffering is thus a property of personhood, a
psychological state which is not itself embodied. Suffering may appear to be embodied when it is due to pain. It
occurs when an impending destruction of the person is perceived and continues until the threat of disintegration
has passed or until the integrity of the person can be restored in some other manner. Rheumatologists will
recognise that some patients may experience pain and not perceive it as suffering while conversely, for others an
apparently mild pain may be perceived as causing significant suffering. But what relevance do these
observations have for the care of our patients living with RA? I suggest that the relevance is that if we only
partially address the needs of our people living with RA and pain by focusing on inflammation suppression
alone, we can expect suboptimum outcomes for many. By adopting a “mind-body” framework in thinking
about chronic pain in the context of RA, more therapeutic doors open up, including non-pharmacological and
pharmacological interventions for each of the sensory, emotional and cognitive contributions to experienced
pain.’

Do neuropsychological interventions have a role in pain management in RA?

Many non-pharmacologic interventions are known to have benefits for the sense of well-being and pain relief in
a holistic approach to RA management.38! However, for the purposes of this viewpoint article with a focus on
the mind-body framework in the context of the neurobiology underpinning the experience of pain and associated
suffering for people living with RA, we will finish by asking whether neuropsychological interventions can
positively impact the brain, and subjective experience, of a person with chronic pain? Emerging evidence
suggests that the answer is “yes”!3? Remarkably, in a comparison of 13 healthy control participants with 13
patients with mixed chronic pain types before and after an 11-week cognitive behavioural therapy (CBT)
treatment, MRI imaging confirmed that the pain group had increased cerebral gray matter volume in prefrontal
and somatosensory brain regions, as well as increased dorsolateral prefrontal volume associated with reduced
pain catastrophizing. Patients pre-CBT and controls had no significant differences in gray matter. However,
after CBT the gray matter in most of the brain regions increased beyond the gray matter level of controls. These
findings point to the potential for plasticity of the human cortex in response to neuropsychological interventions.



A recent systematic review and meta-analysis of the effects of CBT for patients with RA identified 6
randomized controlled trials in which CBT was compared with usual treatment or placebo.®* CBT was found to
have positive impacts on relieving anxiety, depression, and fatigue. Although one study reported that CBT was
an effective method for pain management in people with RA,* the overall effect size in meta-analysis was
small, both at postintervention and at follow-up.

Mindfulness is the awareness that emerges from paying attention to things as they are, on purpose, in the present
moment and non-judgementally. Although mindfulness has its roots in Buddhist meditation, the secular practice
of mindfulness has been brought to light in recent years, in part through the work of Jon Kabat-Zinn.* The
effects of mindfulness-based stress reduction (MSBR) in RA has been investigated in a pilot study of subjects
reporting depressive symptoms and/or high PGA despite controlled disease activity measures.® The intervention
had a marked and enduring impact on depression, anxiety, sleep quality, emotion-oriented coping and a strong
positive impact on function. However, these improvements translated into minor or no changes in other RA-
related symptoms such as pain and PGA. The effects of MBSR on disease activity in people with RA has also
been investigated in a randomised, controlled trial.¥” The mindfulness training involved cultivation of non-
judgemental attention to unwanted thoughts, feelings and bodily experiences via meditation. In this 6-month
study in patients with active disease at baseline, while mindfulness had no influence with respect to CRP level
or swollen joint counts, there were improvements which differentiated from control subjects with respect to
tender joint counts and PGA, suggesting that the neuropsychological intervention had altered the perceived
unpleasantness of the condition or reduced associated suffering. In the context of randomised trials of
pharmacological intervention, rheumatologists are very familiar with placebo responses, particularly with
respect to more subjective outcome measures. This raises the question as to whether the observed benefits of
MSBR in the randomised controlled study might be attributable to a placebo response and whether both might
have a common neurophysiological basis? But once again, advances in contemporary neuroimaging point to the
possibility of a more remarkable explanation.

To determine whether the neurobiology of analgesia associated with mindfulness meditation is different from
placebo, Zeidan et al randomly assigned 75 healthy, human volunteers to four days of one of three
neuropsychological interventions, namely mindfulness meditation, placebo conditioning, or sham mindfulness
meditation, or to a book-listening control intervention .3 In the placebo conditioning regimen, participants were
told that they were participating in an “experimental trial of a new formulation of a topical, local anaesthetic
being tested for its pain reducing effects over time.” The intervention efficacy was assessed using
psychophysical evaluation of experimental pain and functional neuroimaging. All three neuropsychological
manipulations were observed to significantly attenuate pain intensity and unpleasantness ratings when compared
to rest and the control intervention. Mindfulness meditation reduced pain intensity and ratings for pain
unpleasantness more than observed with placebo analgesia or sham mindfulness meditation. Amelioration of
pain following mindfulness meditation was associated with greater activation in brain regions associated with
the cognitive modulation of pain. In contrast, placebo analgesia was associated with activation of the
dorsolateral prefrontal cortex and deactivation of sensory processing regions. Sham mindfulness meditation-
induced analgesia was not correlated with significant neural activity. Not only do these findings emphasise the
role of sensory, emotional, and cognitive contributions to experienced pain but they also suggest for the first
time that the neurobiological mechanisms associated with an attenuated pain experience following mindfulness
meditation may be distinct from any effects of the placebo response.

Conclusion

The considerations provided in this viewpoint article highlight the multifactorial nature of reported pain in RA
and emphasise the importance of a holistic approach to pain management and that of any associated distress or
suffering. Sensory (pain, stiffness), emotional (stress, depression, anxiety) and cognitive (catastrophizing)
domains negatively impact patients’ lives and cannot be adequately managed solely by a treat-to-target approach
aiming to attain composite scores of disease activity that are acceptable to the treating physician. Identifying the
cause of pain, where feasible, and how it impacts the individual, will help inform the best management
approaches beyond treatment of the inflammatory component of the disease, whether pharmacological,
neuropsychological or other.

Figure Legends.



Figure 1.

Pain experienced as arising in the joint may originate from adjacent or peri-articular structures including bursae,
ligaments and tendons. Intraarticular structures are mostly innervated by C-sensory and sympathetic fibres
whereas cartilage is aneural. C fibres are smaller-diameter (1.0 pm) unmyelinated primary afferents. Ad fibres
are small diameter (1 to 6 um), myelinated primary afferent fibres and innervate ligaments.

Figure 2.

The nociceptive message is transmitted from the periphery to the central nervous system by the axon of the
primary afferent nociceptor. This neuron has its cell body in the dorsal root ganglion and a long process, the
axon, that divides and sends one branch out to the periphery and one into the spinal cord. These fibres converge
at the dorsal horn of the spinal cord and activate post-synaptic neurons that ascend to higher cortical centres via
the spinothalamic tract. The neospinothalamic tract has few synapses allowing rapid afferent transmission.

The phylogenetically older, paleospinothalamic tract transmits pain mainly from the peripheral slow-chronic
type C pain fibres and terminates widely in the brain stem. It activates brain stem nuclei which are the origin of
a descending pain suppression pathway regulating noxious input at the spinal cord level.
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