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Abstract
‘Non-inflammatory’ pain, pain that is not associated with measures of inflammation, is common in patients with inflammatory arthritis including
RA. One important cause of non-inflammatory pain is concomitant fibromyalgia. Systematic review has shown that fibromyalgia is common in in-
flammatory arthritis including RA affecting 1 in 5 patients and is associated with higher disease activity scores due to inflated tender joint count
and patient global assessment. Consequently, many patients with RA and concomitant fibromyalgia may fail to reach treatment target and
switch to alternate disease modifying drugs frequently. European Alliance of Association for Rheumatology has highlighted that concomitant fi-
bromyalgia is an important consideration in assessing difficult-to-treat RA. The incidence and prevalence of fibromyalgia are higher in RA than the
general population, raising the possibility that fibromyalgia may be ‘secondary’ to RA rather than a concomitant disease. The precise mechanisms
whereby patients with RA develop fibromyalgia are unknown. In this review, we discussed fibromyalgia in RA, its clinical impact and epidemiol-
ogy as well as data suggesting fibromyalgia might be ‘secondary’. Lastly, we reviewed potential pathogenic mechanisms which included inflam-
matory cytokines sensitizing nociceptive neurones, temporal summation, also known as windup, from chronic pain and impaired coping from
poor quality sleep and mental well-being. Deciphering the exact mechanisms may lead to treatment strategies that prevent development of sec-
ondary fibromyalgia and will address a common factor associated with difficult-to-treat RA.
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Introduction

Pain is one of the most common symptoms in rheumatic dis-
eases and ranked by patients and clinicians as being the most
important [1]. Pain and fatigue that are associated with physi-
cal and psychological wellbeing are unmet medical needs in
RA [2]. Many patients complain of pain even in clinical and
ultrasound remission or low disease activity (LDA). It leads to
the concept of ‘non-inflammatory pain’ and one significant
contributor is concomitant fibromyalgia [3, 4]. The primary
aim of this review focuses on the impact of fibromyalgia in
patients with inflammatory arthritis. Secondary aims are dis-
cussing whether fibromyalgia is secondary to inflammatory
arthritis or a concomitant condition, and if so, what mecha-
nisms are involved.

In a US survey, Radawski et al. (2019) reported that 26%
of patients with RA were satisfied with treatment while 74%
was unsatisfied [2]. The symptoms of RA with the greatest
percentages of patients reporting moderate-to-severe impact
on their life were fatigue (82%), pain (76%) and physical

well-being (75%) [2]. In another study, those patients with
high pain, fatigue and sleep disturbance scores as assessed by
the Rheumatoid Arthritis Impact of Disease (RAID) question-
naire often failed multiple biologic DMARDs (bDMARDs)
and were considered difficult-to-treat patients [5]. This paper
suggested that in near-remission RA patients, the high patient
global assessment score reflected both physical and psycho-
logical aspects of disease impact in RA [5]. Patients would
benefit from tailored interventions such as physiotherapy, an-
algesia, cognitive behavioural therapy, antidepressants and
education.

Is fibromyalgia a concomitant condition
or secondary to inflammatory arthritis
(i.e. secondary fibromyalgia)?

Fibromyalgia is common and is characterised by chronic pain,
fatigue, depression, anxiety and poor non-restorative sleep
[3]. Heidari et al. (2017) conducted a systematic review of 65
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papers among 3 609 810 subjects from the general population
and specific groups [6]. They reported the prevalence of fibro-
myalgia within the general population was 1.78% (95% CI:
1.65, 1.92). For patients attending a rheumatology depart-
ment, the prevalence was significantly higher at 15.2% (95%
CI: 13.6, 16.90) [6]. This is supported by a systematic review
by Duffield et al. (2018) of concomitant fibromyalgia in
patients with inflammatory arthritis, which found the preva-
lence was 21% in RA, 13% in ankylosing spondylitis and
18% in psoriatic arthritis [4]. Therefore, the prevalence of fi-
bromyalgia in RA is higher than the general population, sug-
gesting fibromyalgia in RA may not be a concomitant
condition. Similarly, Collin et al. reported an annual incidence
rate of fibromyalgia in the UK general population between
2001–2013 to be 32–38/100 000 patients, which is equivalent
to 0.032–0.038/100 patient-year [7]. In comparison, in an in-
ception cohort study of patients with RA followed up from
the time to diagnosis, Lee et al. (2013) reported a cumulative
incidence rate of 6.77 (95% CI 5.19, 8.64) per 100 person-
years during the first 12 months and 3.58 (95% CI 1.86,
6.17) per 100 person-years during the period of 12–
24 months with regard to the development of fibromyalgia
[8]. This was the first study that noted the high incidence rate
during the first 12 months of diagnosis showing that the de-
velopment of chronic non-inflammatory, central pain hap-
pened early and supported the notion of ‘secondary
fibromyalgia’. It also showed that objective measures such as
CRP, ESR and swollen joint count did not predict develop-
ment of fibromyalgia [8]. However, anti-CCP antibody posi-
tivity was the only variable inversely associated with the
diagnosis of fibromyalgia [8]. Patients who use corticosteroids
were significantly associated with the clinical diagnosis of fi-
bromyalgia [8].

Impact of fibromyalgia on disease activity
assessment in RA

Historically, physicians and patients’ perspectives were
thought to differ with regard to assessment of disease activity
in RA [9]. Physician perception is driven by joint swelling and
laboratory tests while patients are concerned by symptoms
such as pain. Turk et al. (2018) in an interesting study found
that a third of patients with RA disagreed with their physician
with regard to being in remission [9]. Patients who did not
agree with their physicians showed less improvement on ques-
tions associated with emotional well-being from the RAID
questionnaire, including pain and sleep [9]. This could have
an impact on patient satisfaction, the relationship between
physician and patient, discordance with clinical response and
remission definitions [9]. They noted the importance of
shared care and decision making by increasing patient in-
volvement in their own healthcare decisions [9].

Hammer et al. (2018) reported that pain catastrophising
was strongly associated with patient reported outcomes and
composite measures [10]. This manifested in discrepancies be-
tween patient and physician global assessment scoring.
Patients with concomitant fibromyalgia have higher Patient
Global Assessment (PtGA), fatigue and anxiety [10]. PtGA in
patients with RA in remission and near-remission was driven
by pain, fatigue, anxiety and function rather than by indica-
tors of active disease [10]. Furthermore, patients are likely to
be concerned with regard to treatment toxicity, current pain

and fears but physicians tend to be long-term goal driven with
regard to joint damage and disability.

Joharatnam et al. (2015) concluded that high prevalence of
fibromyalgia features, poorer mental health and higher
patient-reported DAS 28 (DAS28) scores are linked in
patients who live with established RA [11]. The team noted
high sensitivity at non-joint points such as the anterior tibia
and sternum indicating central mechanisms could contribute
to pain sensitivity in RA even when inflammation might be
under control [11].

A systematic review based on 19 studies concluded that fi-
bromyalgia was significantly associated with higher disease
activity score with all but one study reporting higher DAS28
in participants with comorbid fibromyalgia [3]. In 16 of these
studies, statistically significant increase in the DAS in RA
patients with comorbid fibromyalgia compared with those
without was noted but not with clinical (swollen joint count)
or laboratory (ESR, CRP) markers of disease activity. It con-
cluded that fibromyalgia could lead to inflated disease activity
measures and resulting in inappropriate escalation or stop-
ping of treatment in the underlying index rheumatic condition
[3]. This review highlights the limitations of using disease ac-
tivity indices alone in assessing inflammatory activity in rheu-
matic patients with concomitant fibromyalgia. It is therefore
important that these scores are interpreted in conjunction
with knowledge of the presence of concomitant fibromyalgia
to ensure optimal management and appropriate drug treat-
ment. Indeed, the European Alliance of Associations for
Rheumatology (EULAR) definition of difficult-to-treat RA
suggested that concomitant non-inflammatory diseases – for
example, fibromyalgia – might mimic inflammatory activity
[12]. Therefore, patients with non-inflammatory conditions
such as fibromyalgia may present as having difficult-to-treat
RA, which is associated with a reduction in quality of life and
higher clinical burden [12].

There are several studies of central pain in RA using the
PainDetect Questionnaire [13–15], which is a screening tool
for neuropathic pain. Neuropathic pain is defined as ‘pain
caused by a lesion or disease of the somatosensory nervous
system’ [16]. Although RA patients did not have lesions or
disease of the somatosensory nervous system, many met the
criteria for neuropathic pain by PainDetect [13–15]. Many of
these RA patients with ‘neuropathic-like’ pain met the criteria
for fibromyalgia, reporting tender points and worse mental
and physical health when measured by the 36-item Short-
Form health survey [13]. RA patients with neuropathic-like
pain reflect central sensitisation, therefore non-inflammatory
pain.

Mechanisms of non-inflammatory
pain/fibromyalgia in inflammatory arthritis
Cytokines and non-inflammatory pain

Inflammation is characterised by chemotaxis with leucocyte
that migrates from circulation into a local site. Leucocyte acti-
vation by cytokines such as TNF-a, IL-1b and IL-6 increases
the prostaglandins (PG) production of eicosanoids, prosta-
glandins and TxA2 via the arachidonic acid pathways, which
stimulates nociceptive neurons and initiates pain transmis-
sion. These cytokines can also cause persistent hyperalgesia
by sensitising nociceptive sensory neurons; mainly the C and
some of the Ad-fibres for mechanical stimuli [17]. This is also
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known as peripheral sensitisation. Schaible reviewed the
effects of proinflammatory cytokines, IL-1b, IL-6, IL-17 and
TNF-a on cultured isolated sensory neurons and concluded
that they may directly activate second messenger systems reg-
ulating to a change in the excitability, thus modifying ion cur-
rents, and regulate molecules involved in nociception [17].
Indeed, injecting cytokines in the normal tissue of animals
will evoke pain and increase responsiveness of nociceptive
sensory fibres [17]. The pro-inflammatory cytokines activate
both Ad- and C-fibres to mechanical stimulation, which can
be reduced by neutralisation of these cytokines in antigen-
induced arthritis. However, the effect of certain cytokines
such as TNF-a are easily reversed but less so with IL-6, which
suggested that different cytokines have different potency in in-
ducing ‘sustained’ pain in RA patients.

In CIA, Inglis et al. (2007) were the first to report hyperal-
gesia using standard behavioural techniques [18]. It was ob-
served that in the later stages of CIA (after 10 days from the
onset of arthritis), thermal and mechanical hyperalgesia de-
creased due to the possible lack of pain mediators and in-
creased level of disability [18]. They noted the critical
mechanisms could be caused by astrocyte and microglia acti-
vation proven by increased activated astrocyte numbers seen
in the lumbar spinal cord. They went on to show that cele-
coxib, a COX-2 inhibitor, had positive effects against me-
chanical and thermal hyperalgesia while anti-TNF therapy
decreased activated astrocyte numbers, thus reducing neuro-
pathic pain [18].

Bazzichi et al. (2007) reported that levels of plasma IL-10,
IL-8 and of TNF-a were elevated in their group of patients
who suffered with fibromyalgia [19]. The level of IL-6 corre-
lated with pain [19]. Because cytokines have been reported to
cross the blood-brain barrier, they may promote pain involv-
ing the sympathetic nervous system and hypothalamic-
pituitary axis; as well as fatigue and depression [20]. This
study suggested pro-inflammatory cytokines may be associ-
ated with the development of fibromyalgia. Raoof et al.
(2018) discussed in their paper how some RA patients con-
tinue to experience pain after systemic anti-TNF-a treatment,
but this may be explained by systemically administered anti-
bodies not crossing the blood brain barrier and therefore inef-
fective in blocking spinal TNF-a [21]. Indeed, spinal TNF-a
neutralisation is more effective in treating arthritis pain than
when administered systemically [21].

Cytokine inhibition by IL-6 inhibition in RA has been asso-
ciated with reduction in non-inflammatory pain. In a post-hoc
analysis of clinical trial data, non-inflammatory pain was
common at baseline, and the percentage of patient with non-
inflammatory pain after treatment was lower after sarilumab
than with adalimumab treatment [22]. Janus kinase inhibitors
(JAKi) are also shown to help alleviate non-inflammatory
pain. Fautrel et al. (2019) in a post-hoc analysis of a clinical
trial of baricitinib (JAK1/JAK2 selective inhibitor) vs placebo
or adalimumab showed that baricitinib resulted in improve-
ments in pain, physical function, fatigue and work productiv-
ity/impairment in patients, independent of change in DAS28
[23]. A path-analysis showed that the reduction in pain by
baricitinib could not be fully explained by reduction in in-
flammation, as measured by ESR, CRP and swollen joint
count, suggesting baricitinib may have a direct effect on pain
relief [23].

Simon et al. (2021) reviewed the biologic mechanism that
may support these observations. It has been established that

persistent afferent pain input can lead to dysregulation and
synaptic changes in neurons within the central nervous system
[24]. The Janus kinase (JAK)-signal transducer and activator
of transcription (STAT) pathway is an intracellular signal
transduction pathway whereby pro and anti-inflammatory
cytokines alongside locally destructive enzymes are produced
[25]. Multiple cytokine receptors, such as IL-6R, IL-1R and
IL-10R and IFN-cR, are expressed on afferent nociceptors,
and cytokines acting at these receptors have been implicated
in pain modulation [24]. JAKis are competitive inhibitors of
adenosine triphosphate, thereby prevent phosphorylation and
activation of JAK preventing STAT downstream signalling
[26, 27]. Simon et al. (2021) also reviewed mechanisms
whereby JAK promoting nociceptive transmission in the spi-
nal cord and descending modulatory pathways providing po-
tential biologic mechanisms whereby JAKi may have direct
effects on nocioception [24].

In addition to the effect on pain, Wittenberg et al. (2020)
discussed in a systematic review suggesting that anti-IL-6 ther-
apy reduced depression in RA [28]. Their main findings were
depressive symptoms in patients with inflammatory disorders
treated with an immunomodulatory drug usually causes a sig-
nificant improvement, especially in the highly depressive pa-
tient subgroup [28]. However, it was unclear whether this is
due to reduced disease activity, which inevitably would im-
prove quality of life and mood [28].

Chronic pain may cause non-inflammatory

pain: temporal summation/windup

Baranauskas and Nistri in 1998 described the concept of cen-
tral sensitisation through ‘windup’ within the spinal cord in
which repeated stimulation at constant strength of dorsal root
afferents including nociceptive C fibres invoked an increase in
the number of action potentials generated by interneurons
and motoneurones [29]. The phenomenon was coined as
‘temporal summation’ or ‘action potential windup’ [29]. This
phenomenon may occur in patients with RA especially if dis-
ease is inadequately controlled, leading to constant stimula-
tion of nociceptive sensory neurones. Therefore, chronic pain
may lead to more severe pain. If the hypothesis is correct,
then disease duration and active disease will predict develop-
ment of fibromyalgia [29]. A cross-sectional study showed
people with RA had reduced pressure pain thresholds (PPTs)
at the scapula and were associated with higher pain scores
and patient-reported DAS28 components, as well as poorer
mental health [30]. Many of these patients fulfilled the diag-
nostic criteria for fibromyalgia [30]. A statistically significant
correlation was found between reduced PPTs and disease du-
ration in a multi-variate analysis. However, Lee et al. did not
find any association between disease activity and fibromyalgia
in RA [31]. They postulated the possibility of a different type
of pain pathway. Conventionally, it was thought that ascend-
ing nociceptive stimuli facilitate temporal summation while
descending inhibitory pain pathways reduce pain including
conditioned pain modulation. However, among patients who
showed high inflammatory disease activity, peripheral inflam-
mation activates the descending analgesic pain mechanisms,
which could serve as an endogenous conditioning stimulus.
Therefore, conditioned pain modulation impairments in cer-
tain patients may be related with elevations in disease activity
measures [31]. Meanwhile, heightened conditioned pain mod-
ulation may be associated with decreases in disease activity
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measures in another group of RA patients. Lee et al. also sug-
gested further longitudinal assessment of conditioned pain
modulation before and after onset of inflammation would be
useful in disentangling these relationships [31].

Reduced mental wellbeing and fibromyalgia in RA

Depression, anxiety and poor sleep quality are common
symptoms in RA and fibromyalgia [3, 11]. They are impli-
cated in the pathophysiology of fibromyalgia and strongly as-
sociated with chronic pain through their role in central pain
processing.

Central pain processing

Over the past two decades, functional neuroimaging has ad-
vanced our knowledge and understanding of the processing
of pain in the brain. Pain is not only a sensation. It is different
to touch not only by the magnitude of the stimulus, but it is
interpreted as being ‘unpleasant.’ In 2020, the International
Association for the Study of Pain defined pain as: ‘an unpleas-
ant sensory and emotional experience associated with, or re-
sembling that associated with, actual or potential tissue
damage’ [32]. It added that pain is always a personal experi-
ence that is influenced to varying degrees by biological, psy-
chological and social factors. Importantly, pain and
nociception are different [32]. Pain cannot be inferred solely
from activity in sensory neurons. In this framework, the proc-
essing of pain in the central nervous system includes the loca-
tion or source of pain, intensity, stress and emotive response,
interpretation (cognition) and control (inhibition) [33].
Regions of the brain associated with processing of these dif-
ferent processes have been studied and identified through
functional neuroimaging which include the somatosensory
cortex, inferior parietal lobe, insula, putamen cingulate cor-
tex, secondary somatosensory cortex (SII), thalamus,

precuneus, amygdala, hippocampus, superior temporal gyrus,
cerebellum, periaqueductal gray and ventromedial medulla
[33]. In fibromyalgia, Gracely et al. (2002) first showed that
comparable subjectively painful conditions resulted in activa-
tion patterns that were similar in patients and controls, al-
though in fibromyalgia, activation occurred at lower pressure
whereas similar pressures support the hypothesis that fibro-
myalgia is characterized by augmentation of pain processing
in the brain [34].

Mental wellbeing, poor sleep quality and impaired

pain control

Mental health including anxiety and depression is also
strongly linked to poor sleep quality [35]. Non-refreshed
sleep is a common symptom in fibromyalgia [36]. Data from
polysomnography in patients with fibromyalgia found ab-
normal a-rhythms, reduced short-wave sleep, wakefulness
during non-REM (rapid eye movement) and shortened deep
sleep [37–41]. Fattinger et al. (2017) showed the importance
of deep sleep mainly in restoration processes, learning and
memory consolidation [42]. Initially, sleep disturbance was
considered a consequence of pain. More recent evidence sug-
gests poor sleep quality is a risk factor for developing fibro-
myalgia [43].

Several epidemiological studies have showed that in a
healthy population, poor sleep quality was a risk factor for
development of chronic widespread pain progression [44, 45].
Mork et al. (2012) reported that sleep disturbance was associ-
ated with increased risk of developing fibromyalgia [44].
McBeth et al. (2014) showed that widespread pain is common
in older adults and non-restorative sleep is an independent
risk factor after adjusting for psychosocial factors [45]. Sleep
deprivation in healthy individuals can induce myalgia and fa-
tigue and that interruption of slow-wave sleep (stage 4 sleep)

Figure 1. Potential mechanisms for the development of secondary fibromyalgia in RA. Thin arrows indicate normal nociceptive pathways caused by acute

inflammation. Thick arrows indicate pathways leading to fibromyalgia
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and deprivation could cause mechanical hyperalgesia in multi-
ple sites of the body in healthy individuals in experimental
studies [46, 47]. Onen et al. (2005) showed that sleep discon-
tinuity and disturbances would impair the diffuse noxious in-
hibitory controls that help with pain control and coping
mechanisms [48]. Choy (2015) hypothesised that pain and
sleep disturbance may have a bidirectional relationship, in
which chronic pain may impair sleep and poor sleep quality
leads to reduced coping with pain. A vicious circle may then
lead to the development of fibromyalgia [43]. In RA, Lee
et al. (2018) showed that patients with RA have psychological
distress that was significantly associated with pain threshold
at all sites. Importantly, they also demonstrated a good corre-
lation between psychological distress and sleep (r¼0.65)
[49]. There is a suggestion of a defect in central pain process-
ing and distress when there are sleep issues. Nicassio et al.
(1992) discussed how their analysis and data suggested that
pain may aggravate sleeping difficulties in RA patients, thus
contributing to depression over time [50].

Summary

The concept of ‘secondary fibromyalgia’ in RA may be correct
although definitive evidence in deciphering the precise mecha-
nism may lead to a prevention-based treatment strategy that
could reduce an area of major unmet need associated with
difficult-to-treat RA. There are several potential mechanisms:
inflammation causing sensitisation of nociceptive neurones,
chronic stimulation of nociceptive neurons (temporary sum-
mation), impaired coping and pain inhibiting mechanisms
through sleep disturbances, anxiety and depression (Fig. 1).
Longitudinal studies from time of diagnosis assessing con-
comitant fibromyalgia, mental wellbeing, sleep quality and
pain processing including quantitative sensory testing over
non-inflamed sites will help to establish the temporal relation-
ship between inflammation, mental wellbeing, pain processing
and the risk of developing fibromyalgia.
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