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E D I T O R I A L

Introduction to the Special Theme Issue: Pain Science
and Therapy in Rheumatic Disease

Afton L. Hassett,1 S. Sam Lim,2 and Kelli D. Allen3,4

In this issue of Arthritis Care & Research (AC&R), we highlight
articles focused on pain science and therapy in rheumatic dis-
ease. This theme was selected because pain remains one of the
most disabling and undertreated symptoms across rheumatic
diseases, directly influencing quality of life, physical function, and
health disparities. In addition, there are many ongoing questions
regarding pain mechanisms and treatment approaches. Manu-
scripts submitted for themed issues of AC&R undergo the same
peer-review procedures as other scientific manuscripts in the
journal and, therefore, meet the journal’s rigorous standards. We
are pleased to present in this issue 16 articles spanning a diverse
array of topics related to pain science and therapy in rheumatic
disease. We would like to highlight some key themes that
emerged in this issue.

First, multiple articles addressed pain mechanisms, with
an emphasis on nociplastic pain (ie, pain arising from changes
in how the central nervous system processes pain signals,
often in the absence of tissue damage or inflammation). Over-
all, these studies suggest a key role for altered central pain pro-
cessing in rheumatic diseases. Kelleher and colleagues
provided a review of studies on brain mechanisms of pain in
inflammatory arthritis (IA), concluding that evidence supports
a dual “top-down” (eg, pre-existing dysfunction in pain per-
ception) and “bottom-up” (eg, peripheral inflammation acting
on the brain) model of persistent pain in IA.1 One study in this
issue found that there was evidence of centrally mediated pain
at the time of an IA diagnosis, challenging the notion that at
early stages of disease, pain is driven only by peripheral mech-
anisms.2 Another study evaluating individuals with or at risk of
knee osteoarthritis found that pain pressure threshold trajecto-
ries were relatively stable over time, and groups with a low pain
pressure threshold (suggesting the presence of nociplastic
pain) had worse pain and function at nine years’ follow-up.3

The assessment of nociplastic pain does not occur routinely
in clinical settings; thus, another study sought to address this

gap by identifying low-burden methods for its assessment in
rheumatology practice.4 Two measures (tender swollen joint
count difference and proportion of subjective components
over the total Disease Activity Score in 28 joints) were modestly
associated with quantitative sensory testing measures of noci-
plastic pain. These results suggest that discordance between
patient-reported and physician-assessed measures of disease
activity may reflect an element of nociplastic pain.

Another theme focused on the biopsychosocial nature of
pain in rheumatic disease. Cox and colleagues contributed a
thorough review of the longitudinal relationship between pain
and depression in IA.5 Key findings were that depression is
common among individuals with IA (15%–39%), and as has
been commonly found in noninflammatory conditions, there
appears to be a bidirectional relationship between pain and
depression. Other studies in this issue highlight the relationship
of social determinants of health with pain severity, the effec-
tiveness of acceptance and commitment therapy for pain
reduction (delivered via a digital health application) on pain in
axial spondyloarthritis (axSpA), and the use of natural language
processing methods to characterize the psychological, social,
and cultural facets of pain discussed by individuals with lupus
in an online forum.6–8

A third theme centered on opioid use in rheumatic diseases.
In a study of individuals with idiopathic inflammatory myopathy,
about one in four were taking opioids.9 Two other studies focused
on opioid use among individuals with axSpA. One study found
that over approximately the last 20 years, opioid prescriptions
remained stable over time in the United Kingdom and decreased
slightly in the United States.10 The other study found that early
use of tumor necrosis factor inhibitors was not associated with
reduced risk of long-term opioid use.11 Overall, studies highlight
that there is still a high prevalence of opioid use among individuals
with rheumatic diseases. This is particularly problematic when
opioids are prescribed to address pain that persists in well-
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managed IA. Evidence supporting the use of opioids for nociplas-
tic pain is limited, and available evidence suggests opioids are
generally not effective for centrally mediated pain and may worsen
pain sensitivity in some cases.

Finally, studies in this issue addressed various methodolo-
gic issues around pain measurement in both research and clin-
ical settings. A review by Chen and colleagues described
important methodologic issues of regression to the mean and
contextual effects in clinical trials for pain in rheumatic
diseases.12 This review provides study design and analysis
considerations that researchers can implement to better
mitigate and account for these challenges. One study in this
issue sought to develop a tool to predict progression to
difficult-to-treat rheumatoid arthritis.13 Patients with worse
functioning, pain, fatigue, and disease activity had an
increased risk of progressing to difficult-to-treat rheumatoid
arthritis. However, the tool demonstrated only moderate pre-
dictive ability, indicating a need for additional research to opti-
mally predict progression.

These themes echo those from the pain field more
broadly, which has been experiencing increased investment
at the federal level, resulting in a vast expansion of projects
and investigators. This so-called golden age of pain research
is largely the direct product of the opioid overdose epidemic.
As such, research priorities have focused on developing safe
and effective nonopioid treatments, broadening our under-
standing of pain mechanisms and mechanistically informed
interventions, the benefits of a whole-person approach to pain
assessment and management, and improving pain research
methodology. Overall, the management of pain in rheumato-
logic settings has evolved in the last two decades in light of
new research and will continue to do so as findings from the
National Institutes of Health Help End Addiction Long-Term
(HEAL) Initiative and many other pain research projects are
made public. Together, the articles in this issue underscore
the need for integrated approaches that address biologic, psy-
chological, and social contributors to pain to improve out-
comes across rheumatic diseases.
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R E V I EW A R T I C L E

Beyond Inflammation: Why Understanding the Brain
Matters in Inflammatory Arthritis

Eoin M. Kelleher,1,2 Rosario Meouchi,3 and Anushka Irani1,3

Persistent pain remains amajor challenge in inflammatory arthritis, evenwhen joint inflammation iswell controlled.
Pain and associated symptoms such as fatigue cannot be explained by peripheral inflammation alone but reflect
altered central pain processing. These changes may arise through “top-down” mechanisms, reflecting pre-existing
dysfunction in pain perception, or “bottom-up” pathways, driven by peripheral inflammation acting on the brain.
Neuroimaging has transformed understanding of these processes by providing in vivomarkers of how brain function
and structure are related to pain. Functional magnetic resonance imaging (MRI) demonstrates that both task-evoked
and resting-state activity are altered in inflammatory arthritis. Connectivity changes involving the thalamus, insula,
medial prefrontal cortex, and default mode and salience networks correlate with pain, fatigue, and affective symp-
toms. Notably, tumor necrosis factor α (TNF-α) inhibitors rapidly normalize pain-related activation, preceding
improvements in joint swelling, strongly supporting a bottom-up role for peripheral inflammation. Recent randomized
controlled trial data show that baseline central nervous system pain activation predicts analgesic response to TNF-α
blockade, positioning neuroimaging as apotential tool for treatment stratification. Complementarymodalities provide
further insights. Proton electron tomography studies suggest altered pain responses, and novel tracers may clarify
contributions of neuroinflammation. Magnetic resonance spectroscopy reveals neurochemical correlates such as
increased choline and myo-inositol linked to fatigue, although group-level evidence for overt neuroinflammation
remains limited. Structural MRI highlights gray matter changes in regions mediating sensory, cognitive, and affective
processing. Together, this supports a dual top-down and bottom-up model of persistent pain in inflammatory arthri-
tis, with important implications for mechanism-based therapies targeting both immune and brain pathways.

Introduction

Pain is the cardinal symptom of inflammatory arthritis and
remains a top priority for patients living with conditions such as
rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial spon-
dyloarthritis (axSpA).1,2 Despite significant advances in pharma-
cologic therapies targeting immune pathways, many patients
continue to experience persistent pain even when inflammatory
joint disease is apparently well controlled.3

Although inflammation contributes to pain intensity,
improved control of synovitis has not consistently translated into
meaningful reductions in pain or functional limitation over time.4,5

This clinical disconnect highlights a critical unmet need and calls
into question long-standing assumptions that ongoing pain nec-
essarily directly reflects active joint inflammation.

The emergence of the “difficult-to-treat” RA concept under-
scores this challenge,6–8 estimated to affect 14.4% of patients

with RA and up to 22.3% of those treated with biologics.9

Patients may present with persistent symptoms suggestive of dis-

ease activity despite adequate immunomodulatory therapy with

multiple conventional and biologic disease-modifying antirheu-

matic drugs (DMARDs). Importantly, recent efforts to subcategor-

ize these patients into inflammatory-refractory RA and

noninflammatory RA6 recognize the possibility of distinct under-

lying pain mechanisms.10,11

This mechanistic reframing is mirrored in the updated chronic

pain taxonomy introduced by the International Association for the

Study of Pain (IASP) and adopted into the International Classifica-

tion of Diseases, 11th Revision.12 Chronic pain is now classified

as either chronic primary (eg, fibromyalgia) or chronic secondary

(eg, pain because of inflammatory arthritis), with the latter desig-

nation capturing cases in which pain persists independently of

active inflammation. This classification has the potential to inform

1University of Oxford, Oxford, UK; 2Massachusetts General Hospital, Bos-
ton; 3Mayo Clinic Florida, Jacksonville.

Author disclosures and graphical abstract are available at https://
onlinelibrary.wiley.com/doi/10.1002/acr.25694.

Address correspondence via email to Eoin M. Kelleher, MBBCh, MSc,
DPhil, at ekelleher11@mgh.harvard.edu.

Submitted for publication August 7, 2025; accepted in revised form
October 13, 2025.

3

Arthritis Care & Research
Vol. 78, No. 1, January 2026, pp 3–14
DOI 10.1002/acr.25694
© 2025 The Author(s). Arthritis Care & Research published by Wiley Periodicals LLC on behalf of American College of Rheumatology.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited.

https://onlinelibrary.wiley.com/doi/10.1002/acr.25694
https://onlinelibrary.wiley.com/doi/10.1002/acr.25694
mailto:ekelleher11@mgh.harvard.edu
http://creativecommons.org/licenses/by/4.0/


more tailored treatment strategies for patients with inflammatory
arthritis and coexisting chronic pain.

Importantly, multiple pain mechanisms can coexist in individ-
uals with inflammatory arthritis. The IASP also proposes three
mechanistic descriptors: nociceptive, neuropathic, and nociplas-
tic pain.13,14 Nociceptive pain arises from tissue damage and is
typical in active synovitis. Neuropathic pain, caused by somato-
sensory system lesions, is relatively uncommon in these condi-
tions, although features of neuropathic pain may be present.15

Nociplastic pain reflects altered central pain processing without
clear evidence of ongoing tissue damage or nerve injury and
may underlie persistent pain in patients with well-controlled
inflammation. This category overlaps conceptually with previously
used terms, such as “central sensitization” or “centralized pain,”
with fibromyalgia serving as a prototypical example.11,13 Recent
large-scale neuroimaging data further support the biologic validity
of nociplastic pain. In a population-based study of >40,000
participants in UK Biobank, we demonstrated that higher Fibro-
myalgia Index scores, reflecting greater nociplastic pain burden,
were associated with altered structural connectivity among the
periaqueductal gray, amygdala, and hypothalamus, key nodes
of the descending pain modulatory system (DPMS).16 These find-
ings provide population-level evidence for central pain amplifica-
tion mechanisms.

There is accumulating evidence to suggest that persistent
pain in inflammatory arthritis may have a nociplastic, in addition
to nociceptive, component. Proinflammatory cytokines may influ-
ence neural activity at both peripheral and central levels.17,18 Neu-
roimaging offers a promising avenue to explore these phenomena
in vivo, allowing noninvasive assessment of brain mechanisms
underlying pain and other centrally mediated symptoms.19–21

This review aims to summarize key neuroimaging findings
related to inflammatory arthritis pain, examine how current treat-
ment strategies influence central pain processing, and propose a
more integrated, mechanism-based clinical model to guide care.
By recognizing the brain as central to inflammatory arthritis patho-
physiology, we advocate a shift from inflammation-focused
“treat-to-target” strategies toward a broader goal of “treat-to-
recovery,” emphasizing restoration of function and quality of life.

Imaging the pain experience: a window into
the brain

Advances in neuroimaging have provided powerful tools to
investigate the neural mechanisms underlying pain in inflamma-
tory arthritis. These tools offer complementary perspectives on
how the brain processes pain and related symptoms such as
fatigue, mood disturbance, and cognitive dysfunction, creating a
multidimensional picture of the pain experience.

Functional magnetic resonance imaging. Blood oxy-
genation level–dependent (BOLD) functional magnetic resonance

imaging (fMRI) is the most widely used method to study
pain-related brain activity. Task-based fMRI can reveal how the
brain responds to experimentally evoked pain, often showing
increased activation in key pain-processing regions such as the
insula, anterior cingulate cortex (ACC), and thalamus. Resting-
state fMRI (rs-fMRI), by contrast, measures spontaneous connec-
tivity among brain regions, allowing assessment of how large-
scale networks such as the default mode network (DMN),
salience network, and frontoparietal network interact in chronic
pain states.

Positron emission tomography. Positron emission
tomography (PET) provides complementary information on brain
function and, with specific radiotracers, can assess both regional
blood flow and markers of neuroinflammation. In chronic pain
conditions, PET has highlighted altered nociceptive processing
and, with newer tracers, evidence of glial activation, suggesting
a contribution of neuroimmune mechanisms to persistent pain.22

Magnetic resonance spectroscopy. Magnetic reso-
nance spectroscopy (MRS) enables in vivo assessment of brain
neurochemistry by quantifying metabolites such as choline,
myo-inositol, glutamate, and γ-aminobutyric acid. These mea-
sures can provide insights into cellular processes including glial
activity and neurotransmission, which are thought to play a role
in sustaining chronic pain.

Structural MRI. High-resolution structural MRI allows volu-
metric analysis of gray and white matter, offering insight into long-
term brain changes. Alterations in regions involved in pain
appraisal, affective processing, and sensorimotor integration have
been reported across chronic pain populations.

Together, these modalities provide a multidimensional view
of the pain experience in inflammatory arthritis, from real-time net-
work activity and connectivity to underlying neurochemical and
structural changes. By integrating these approaches, we can
begin to unravel the complex interactions among inflammation,
nociception, and central pain modulation.

Pain pathways rewired: neuroimaging insights
into central mechanisms in inflammatory
arthritis

Neuroimaging studies provide compelling evidence that per-
sistent pain in inflammatory arthritis is not just caused by periph-
eral inflammatory mechanisms but also involves central nervous
system (CNS) pathways in its maintenance. These findings are
particularly relevant for the subset of patients whose pain persists
despite optimal control of joint inflammation.

Evidence for nociplastic pain and overlap with
fibromyalgia. fMRI studies indicate that RA can represent a
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“mixed pain state,” in which nociplastic pain mechanisms in the
CNS coexist alongside nociceptive drivers of pain from the joints
(Figure 1). Basu and colleagues demonstrated that patients with
RA with higher “fibromyalgianess” scores, even without meeting
the diagnostic criteria for fibromyalgia, exhibited abnormal func-
tional connectivity between the DMN and the insula, patterns pre-
viously identified as characteristic of fibromyalgia.23 Notably,
these findings were associated not only with widespread pain
but also with fatigue and cognitive dysfunction, underscoring the
multisystem symptom burden often observed in these patients.
These findings align with quantitative sensory testing data
showing lower pain pressure thresholds across both affected
and unaffected body regions in RA, consistent with central sensi-
tization.24,25 In a recent study in PsA, Sunzini and colleagues
reported similar results, finding that fibromyalgianess scores

correlated positively with resting-state functional connectivity
found between the right anterior insula and the DMN in rs-fMRI.26

However, in contrast, studies by Flodin and colleagues and Sand-
ström and colleagues found that CNS activation to evoked pain at
nonjoint sites did not differ between those with RA and healthy
controls.27,28 This suggests that although pain sensitivity is
increased in joint sites, there is not necessarily a generalized
increase in peripheral pain sensitivity. However, it should be noted
that these studies recruited patients with RA without comorbid
fibromyalgia symptoms and thus may have excluded those
patients with RA with more severe nociplastic features.

Suggestion of neuropathic pain characteristics. Wu
and colleagues investigated the presence of a neuropathic pain
component in patients with ankylosing spondylitis (AS).29 Using

Figure 1. Brain mechanisms of nociplastic pain in inflammatory arthritis. Neuroimaging studies show that patients with inflammatory arthritis may
experience persistent pain even when inflammation is controlled because of changes in how the brain processes pain. Brain networks that nor-
mally regulate sensation (SMN), thinking (FPN), and self-awareness (DMN) become more strongly interconnected, contributing to fatigue and pain.
Connections between pain and emotion centers (insula and ACC) are linked to symptom severity, whereas the limbic system shows greater acti-
vation with pain and fatigue. Exaggerated pain responses extend beyond inflamed joints, suggesting central sensitization. At the same time, brain
regions that normally dampen pain (DPMS) show reduced activity. Shrinkage of gray matter in the mPFC further relates to fatigue and mood
changes. These findings highlight brain contributions to nociplastic pain in inflammatory arthritis. ACC, anterior cingulate cortex; dlPFC, dorsolat-
eral prefrontal cortex; DMN, default mode network; DPMS, descending pain modulatory system; FPN, frontoparietal network; mPFC, medial pre-
frontal cortex; SMN, sensorimotor network.
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structural MRI and the painDETECT questionnaire (a screening
tool for neuropathic pain that was validated in patients with low
back pain30) they found an inverse correlation between left pri-
mary somatosensory cortex thickness and painDETECT scores.
Conversely, thickness of the left primary motor cortex, right
ACC, and right dorsolateral prefrontal cortex (dlPFC) exhibited a
direct correlation with painDETECT scores. Although definite neu-
ropathic pain cannot be identified using the painDETECT alone,
as this requires the confirmation of a somatosensory lesion,31

the association between these neuropathic-like pain characteris-
tics and changes in centrally mediated pain processing has been
demonstrated by us and others in a variety of musculoskeletal
conditions.32–35

Altered resting-state connectivity and pain-
processing pathways. Resting-state connectivity analyses fur-
ther support the presence of widespread CNS reorganization in
inflammatory arthritis. Flodin and colleagues observed increased
PFC-insula connectivity at rest in those with RA compared with
healthy controls, however this was not itself associated
with symptom severity, which may be caused by the relative
insensitivity of rs-fMRI in small sample sizes.27 Schrepf and col-
leagues reported that higher levels of systemic inflammation in
RA were associated with enhanced connectivity among the
medial PFC (mPFC), inferior parietal lobule (IPL), and canonical
brain networks, including the DMN and dorsal attention network,
during an attention task.36 These changes correlated with greater
fatigue, pain, and cognitive dysfunction, suggesting that inflam-
mation may act as a driver of maladaptive network changes in
the CNS.36 Graph theoretical analyses extended these findings,
revealing a distributed network of 49 regions linked to peripheral
inflammation, measured by erythrocyte sedimentation rate
(ESR), further implicating the IPL and mPFC as important nodes
in the translation of inflammatory signals into central pain-
processing abnormalities.

These observations complement longitudinal imaging work
demonstrating that anti–tumor necrosis factor (TNF) therapy
reduces pronociceptive brain connectivity, in some cases pre-
ceding improvements in joint swelling and clinical indices of dis-
ease activity.37,38 This is supported by the recent PreCePRA
randomized multicenter clinical trial by Hess and colleagues,39

which investigated whether baseline brain activation on task-
based fMRI could predict treatment response to certolizumab
pegol. Patients with RA were stratified by the extent of brain acti-
vation on fMRI in response to joint compression and randomized
to anti-TNF therapy or placebo. At 12 weeks, more than half of
patients with high baseline CNS activation achieved low disease
activity on TNF inhibition compared with less than half in the low-
activation group and only one-quarter of those receiving the pla-
cebo. Importantly, the improved outcomes in the high-activation
group were largely driven by patient-reported measures such as
pain and global disease activity, rather than objective markers of

inflammation, which improved similarly across treatment groups.
Functional imaging further demonstrated that TNF blockade
selectively reduced pain-related activation in the primary somato-
sensory cortex, motor cortex, and frontal pole in the high-
activation group. These findings suggest that a strong “disease
twin” in the CNS, reflecting heightened central representation of
joint pain, may identify patients who are more responsive to TNF
inhibition, supporting the concept that bottom-up inflammatory
signaling amplifies central sensitization. Conversely, patients with
low CNS activation may have pain sustained more by top-down
processes and respond less to purely anti-inflammatory strate-
gies. These findings imply that TNF-α may influence pain through
mechanisms partially independent of its effects on synovial inflam-
mation, with one pathway driving joint swelling and another pro-
moting peripheral sensitization and central amplification of pain.
Collectively, the previous observational work and this recent trial
provide proof of concept that neuroimaging biomarkers could
stratify patients with inflammatory arthritis for mechanism-based
treatment approaches.

Together, these neuroimaging insights illustrate that persis-
tent pain in inflammatory arthritis cannot be solely explained by
peripheral inflammation. Instead, aberrant connectivity across
salience network, DMN, and frontoparietal network, as well as
structural changes in regions such as the mPFC and IPL, highlight
the CNS’s active role in shaping the pain experience. Recognizing
these mechanisms is important for rheumatologists, as they pro-
vide a rationale for integrating interventions that target pain
processing in the CNS alongside traditional immunosuppressive
strategies.

When inflammation talks to the brain: the
interaction between inflammation and central
pain pathways

Growing evidence suggests that peripheral inflammation in
RA and related conditions communicates directly with the CNS,
shaping both functional connectivity and neurochemical signa-
tures (Figure 2). The resulting brain changes help explain why
patients frequently experience fatigue, mood disturbance, and
pain even in the absence of overt synovitis.

Neuroinflammation and immune-to-brain signaling.
Peripheral inflammatory mediators, including TNF-α, interleukin
(IL)-1, and IL-6, can signal to the CNS via multiple pathways:
humoral transport across the blood-brain barrier, activation of
afferent vagal fibers, and stimulation of circumventricular organs.
These signals may promote microglial activation and subsequent
release of proinflammatory cytokines within the brain; however,
evidence for the presence of neural inflammation is lacking.40,41

Chronic activation of these pathways contributes to the cluster
of “sickness behaviors” (fatigue, anhedonia, and cognitive dys-
function) that typify many inflammatory rheumatic diseases.42
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Although the concept of sickness behavior usefully encapsu-
lates the constellation of neurovegetative and affective symptoms
that accompany immune activation, accumulating evidence indi-
cates that the physiologic and behavioral responses to inflamma-
tion evolve over time and differ between the acute and chronic
phases. Work by Capuron and colleagues, among others, of
patients undergoing chronic interferon-α (IFN-α) therapy have been
particularly informative in this respect.43 During early treatment,
patients frequently experience fatigue, psychomotor slowing,
anorexia, and sleep disturbance, features that align closely with
classic sickness behavior, whereas mood and cognitive symptoms
such as depression, anxiety, and attentional deficits emerge more
gradually with continued cytokine exposure.44–48 Neuroimaging
work demonstrates that these phases map onto distinct neurobio-
logical substrates: acute IFN-α administration is associated
with hyper-reactivity of the hypothalamic-pituitary-adrenal axis,

particularly in individuals who later develop major depression,
whereas sustained treatment induces altered activity in fronto-
subcortical circuits.49 PET and fMRI studies show increased basal
ganglia glucose metabolism and reduced ventral striatal respon-
siveness to reward, consistent with dopaminergic dysregulation
underlying fatigue and anhedonia.50,51 Concurrently, heightened
activation of the ACC during cognitive tasks suggests compensa-
tory increases in effortful control under inflammatory load.49

Together, these findings indicate that chronic cytokine exposure
drives a progressive reorganization of central stress-response and
reward networks, distinguishing later-phase inflammatory psycho-
pathology from the transient, adaptive sickness response typical
of acute inflammation.

Peripheral inflammation linked to altered
connectivity. fMRI studies demonstrate that systemic

Figure 2. Brain changes linked to active inflammation in inflammatory arthritis. Neuroimaging studies show that active joint inflammation affects
pain processing in the brain. Reduced activity in the sensory cortex (S1/S2) is seen when pain is evoked at inflamed joints. Activity in the thalamus,
a key relay in pain perception, may predict response to TNF-α inhibitors. Limbic system activity, associated with pain and fatigue, decreases after
TNF blockade, even before joint swelling improves. Increased connectivity between the mPFC and IPL, a key node of the DMN, is linked to sys-
temic inflammation. Neurochemical changes, such as higher choline andmyo-inositol, are associated with pain and fatigue, and loss of gray matter
in the IPL correlates with greater inflammation. These findings demonstrate that inflammation drives both functional and structural brain changes,
some of which may improve with treatment. DMN, default mode network; FPN, frontoparietal network; IPL, inferior parietal lobule; mPFC, medial
prefrontal cortex; SMN, sensorimotor network; TNF-α, tumor necrosis factor α. Color figure can be viewed in the online issue, which is available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.25694/abstract.
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inflammation is associated with large-scale alterations in resting-
state connectivity. In RA, higher ESR and C-reactive protein
(CRP) levels were linked to stronger connectivity among the
mPFC, IPL, and multiple networks including the DMN, salience
network, and dorsal attention network. These connectivity
changes were associated with levels of fatigue, pain severity,
and cognitive impairment, with the IPL appearing as a key hub in
this “inflammation configuration.” Reduced gray matter volume
(GMV) in the IPL was also associated with higher inflammation,
indicating that systemic immune activity contributes not only to
functional reorganization but also to structural changes.36

Beyond group-level associations between systemic inflam-
mation and neural activity, there is increasing recognition that the
neuroimmune interface exhibits substantial interindividual variabil-
ity. Even among patients with similar degrees of peripheral inflam-
mation, central consequences may differ markedly depending on
vulnerability factors within neural and immune networks. For
instance, Kaplan and colleagues reported that in RA, ESR was
associated with pronociceptive functional connectivity only in indi-
viduals exhibiting fibromyalgia-like symptoms, suggesting that
susceptibility to the central effects of inflammation varies among
patients.52 Such variability may help explain the heterogeneity of
pain, fatigue, and mood symptoms in rheumatic disease and sup-
ports the need for stratified, mechanism-based approaches to
therapy.

Neurochemical correlates of systemic inflammation.
MRS has provided complementary insights. Although no wide-
spread metabolic abnormalities were identified in patients with
RA compared with healthy controls, brain choline and myo-
inositol, markers of cell turnover and glial proliferation, respec-
tively, were positively correlated with fatigue severity and with joint
swelling and tenderness.40 These findings suggest that even in
the absence of overt neuroinflammation on group comparisons,
neurochemical alterations in subsets of patients may contribute
to central symptoms.

Impact of cytokine blockade on central pain
processing. Neuroimaging studies have shown that anti-TNF
therapy produces rapid and measurable effects on CNS pain pro-
cessing. For example, blockade of TNF-α leads to reductions in
the activation of limbic structures, the thalamus, and somatosen-
sory cortex within 24 hours, often preceding measurable
improvements in joint swelling.38 A recent preprint has shown
similar findings, with baseline thalamic activation predicting clinical
response, raising the possibility that neuroimaging could be used
as a biomarker for treatment stratification.53 Similarly, Abe and
colleagues demonstrated that aberrant functional connectivity
between the ACC and insula was associated with treatment
response across both RA and SpA, highlighting shared central
mechanisms in inflammatory arthritis.54

In addition, TNF inhibition has been associated with struc-
tural brain changes in other rheumatic conditions. Wu and col-
leagues demonstrated a correlation between pain reduction in
patients with AS and alterations in cortical thickness.55 Specifi-
cally, greater pain reduction was associated with cortical thicken-
ing in the left orbitofrontal cortex and thinning in the right
somatosensory cortex, as measured by structural MRI. These
cortical changes may relate to the emotional and sensory aspects
of pain, respectively, with orbitofrontal thickening linked to emo-
tional pain processing and somatosensory thinning associated
with central sensitization.56,57

Building on the evidence for the central effects of TNF block-
ade, JAK inhibitors have also demonstrated striking analgesic
benefits in RA, further highlighting the potential for immune-
targeted therapies to modulate pain beyond their anti-
inflammatory effects.58 Clinical trials of tofacitinib, baricitinib, and
upadacitinib consistently show rapid reductions in pain, in some
cases greater than with TNF inhibitors.59 Importantly, post hoc
analyses indicate that these improvements are only partly
explained by reductions in swollen joints or markers of inflamma-
tion. For example, in the RA-BEAM trial, baricitinib produced
greater pain relief than adalimumab despite comparable control
of synovitis, suggesting additional mechanisms influencing central
pain pathways.60 Similarly, Dougados and colleagues reported
that tofacitinib reduced residual pain, even in patients who had
already achieved low disease activity or remission, supporting
analgesic effects independent of overt inflammation.61 These clin-
ical findings are consistent with preclinical evidence that proin-
flammatory cytokines such as TNF-α, IL-6, and IL-17 can
directly sensitize nociceptive neurons and promote both periph-
eral and central sensitization, thereby sustaining hyperalgesia
independent of joint swelling.18 Although direct neuroimaging
data on JAK inhibition remain lacking, these clinical observations
parallel the CNS changes seen with TNF blockade and raise the
possibility that JAK inhibitors also attenuate pronociceptive cen-
tral signaling. By targeting multiple cytokine pathways converging
on JAK/STAT signaling, these agents may influence both bottom-
up pathways driven by peripheral inflammation and top-down
mechanisms of central sensitization. Future neuroimaging studies
are needed to determine whether JAK inhibitors normalize pain-
related network activity in a manner similar to TNF-α blockade.

Clinical implications. Together, these findings demon-
strate that systemic inflammation shapes brain circuits underlying
pain, fatigue, and cognition, and that modulation of these circuits
may underlie part of the benefit of biologic therapy. For clinicians,
this explains why patients may report rapid symptomatic
improvement following cytokine blockade, sometimes even
before peripheral measures of inflammation have fully resolved.
They also suggest that persistent CNS changes may perpetuate
symptoms despite good control of synovitis, reinforcing the need
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for mechanism-based approaches to pain management in inflam-
matory arthritis.

What happens in the brain when we treat the
joints?

Although most pharmacologic therapies for inflammatory
arthritis target immune pathways within the joints, neuroimaging
studies demonstrate that their benefits can also extend to the
CNS. A small but growing body of research has examined how
biologic DMARDs, particularly TNF-α inhibitors, modulate brain
circuits involved in pain perception.

Rapid central effects of TNF-α blockade. Early fMRI
work highlighted that TNF-α blockade can rapidly normalize
pain-related brain activity, often before clinical measures of joint
inflammation improve. Hess and colleagues observed a signifi-
cant reduction in activity in the thalamus, insula, and ACC within
24 hours of infliximab infusion in patients with RA with active dis-
ease.38 Similarly, Rech and colleagues reported that responders
to certolizumab pegol demonstrated pronounced reductions in
the activation of the somatosensory cortex, dlPFC, and limbic
structures as early as 3 days after treatment.37 These early CNS
changes occurred well before reductions in Disease Activity
Scores in 28 joints scores were evident, suggesting that the
CNS is highly responsive to cytokine blockade.

Differentiating responders and nonresponders.
Neuroimaging has also provided insight into why some patients
respond to TNF-α inhibitors and others do not. Rech and col-
leagues showed that TNF-α inhibitor responders exhibited
greater baseline pain-related CNS activation compared with non-
responders.37 After treatment, responders showed progressive
declines in activation across the pain matrix, whereas nonre-
sponders had persistently elevated activity, particularly in the tha-
lamic and periaqueductal gray regions associated with
descending modulation. Functional connectivity analyses further
revealed that responders had more adaptive changes in
thalamic-insula and thalamic-ACC connectivity, whereas nonre-
sponders maintained maladaptive patterns.

In a similar vein, Espartal and colleagues conducted a small
proof-of-concept study to assess the use of fMRI to evaluate pain
in response to TNF-α inhibitors in six patients with PsA.62 In this
study, patients exhibiting a poor treatment response showed
baseline activation of the sensory motor cortex. In contrast,
patients with a strong treatment response did not have any base-
line activation and showed activation in the sensory motor cortex,
amygdala, insula, frontal, and prefrontal areas during the following
week of treatment. Patients with poor treatment response
showed minimal change, but larger studies are needed to verify
these findings.

One of the earliest studies to demonstrate the utility of fMRI in
inflammatory arthritis was a single-patient pharmacologic-MRI
study investigating the modulation of brain activity of PsA pain
by a single dose of a COX-2 inhibitor.63 In this study, the patient
was a 53-year-old man with active PsA where it had been noted
that treatment with a COX-2 inhibitor had resulted in profound
pain and rapid relief without resolution of the associated joint
swelling. Brain imaging showed that activity in the anterior and
posterior insula correlated with pain intensity, showing reduced
activity following COX-2 inhibitor administration. This study, albeit
in a single patient, underscores the potential of fMRI as a tool for
identifying central mechanisms of pain and its value in advancing
mechanism-based treatment stratification.64

Connectivity predictors of treatment response.
More recent studies suggest that resting-state connectivity pat-
terns may predict clinical outcomes. Abe and colleagues54 dem-
onstrated that altered insula-ACC connectivity at baseline was
associated with subsequent treatment response in both RA and
SpA, highlighting the role of salience network dysfunction across
inflammatory joint conditions. In a prospective cohort, Warto-
lowska and colleagues53 reported that higher baseline thalamic
activation predicted greater improvement in pain following TNF
blockade, further supporting the potential utility of neuroimaging
biomarkers in stratifying patients for therapy.

Clinical implications. These findings provide a neurobio-
logic explanation for the frequently observed phenomenon in clin-
ical practice that some patients report rapid pain relief shortly after
initiation of TNF inhibitors, even in the absence of objective
improvements in joint swelling or CRP. They also underscore that
persistent pain after effective immunosuppression may reflect
enduring central mechanisms rather than refractory synovitis. In
the future, neuroimaging markers may help to personalize treat-
ment decisions by identifying patients most likely to benefit from
cytokine blockade and guiding the integration of adjunctive thera-
pies targeting nociplastic pain pathways.

Beyond pain: central mechanisms behind fatigue
and mood disturbance

Although pain is the most prominent and burdensome symp-
tom in inflammatory arthritis, patients frequently report fatigue,
low mood, and reduced resilience as equally disabling.

Depression and altered affective circuits.
Neuroimaging work underscores the link between depressive
symptoms and altered pain processing in inflammatory arthritis.
Schweinhardt and colleagues found that in RA, activation of the
mPFC during evoked joint pain correlated with greater depressive
symptom scores, suggesting that affective state directly influ-
ences cerebral pain processing.65 Connectivity among the
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mPFC, posterior cingulate cortex, and other limbic structures was
strengthened in patients with higher depressive symptoms, pro-
viding a neural correlate for the clinical observation that depres-
sion amplifies pain experience. Kaplan and colleagues similarly
emphasized the role of limbic hyperactivation in the affective
dimension of pain, reinforcing the concept that depression and
pain share overlapping neurobiologic substrates.52

Additionally, rs-fMRI studies can provide valuable insights
into the neurobiologic mechanisms underlying the relationship
between brain activity and pain and depression. Hua and col-
leagues investigated regional homogeneity (ReHo), a measure of
functional connectivity alterations in patients with AS.66 Com-
pared with healthy controls, their study revealed higher ReHo in
the left precuneus and right middle frontal gyrus and reduced
ReHo in the left superior temporal gyrus and right paracentral lob-
ule. A negative correlation was observed between ReHo in the
right paracentral lobule and disease duration and back pain
scores. Conversely, a positive correlation was observed between
ReHo in the left precuneus and depression and back pain scores.

Fatigue and network reorganization. Fatigue is among
the most disabling symptoms reported by patients with inflamma-
tory arthritis and often persists despite good inflammatory control.
Schrepf and colleagues demonstrated that systemic markers of
inflammation (ESR and CRP) were associated with altered con-
nectivity among the mPFC, IPL, and large-scale networks such
as the DMN and dorsal attention network.36 These connectivity
changes correlated not only with pain but also with fatigue and
subjective cognitive dysfunction, suggesting a shared neurobiolo-
gic basis for these symptoms. In addition, Liu and colleagues
reported similar findings.67 In a study that investigated functional
and structural alterations in patients with AS, they observed that
altered functional connectivity between DMN and salience net-
work nodes correlated with fatigue. For within DMN nodes this
was correlated not only with pain but also with fatigue. Further-
more, putamen GMV was associated with pain and fatigue. Hua
and colleagues also observed an increase of GMV in this subcor-
tical brain region in patients with AS with moderate back pain; this
increase correlated with disease duration.68

Sex differences. The experience of pain in inflammatory
arthritis is known to differ between sexes,69–71 but the underlying
mechanistic drivers are not yet fully understood. Neuroimaging
can further shed light on the distinct pain mechanisms between
sexes, which in turn may help to uncover tailored treatment strat-
egies. Fauchon and colleagues used rs-fMRI data to conduct
modular analysis using graph theory and found distinct brain
modular structures in healthy male and female patients.72 Data
from patients with AS with chronic pain revealed altered brain
organization, particularly in female patients, who exhibited DMN
modularity, increased salience/attention network activity, and
decreased frontal network connectivity. In contrast, male patients

exhibited increased intermodular connectivity, particularly
between the DMN and prefrontal areas. Similarly, Rogachov and
colleagues investigated the relationship between chronic pain in
patients with AS and low-frequency oscillations (LFOs) in the
BOLD signal of rs-fMRI.73 LFOs, which are measured at rest,
reflect slow, rhythmic fluctuations in the BOLD signal, provid-
ing insights into brain network function.74 Compared with
healthy controls, patients with AS exhibited increased LFO
amplitudes and distinct LFO patterns within pain-related brain
networks. Analysis of sex differences revealed that female
patients (except in the posterior cingulate/precuneus) exhib-
ited the slowest brain frequencies in both the healthy control
and AS groups. Within the AS group, male and female patients
displayed different LFO patterns despite reporting similar pain
levels. Overall, these findings suggest that, even if the burden
of pain is similar between sexes, targeting the different underly-
ing brain-based mechanisms may improve overall treatment
responses.

Resilience and adaptive central responses. Emerging
evidence highlights that not all patients respond to systemic
inflammation in the same way. Some individuals appear to main-
tain functional resilience, with preserved or adaptive connectivity
in frontoparietal and executive networks despite ongoing inflam-
mation. Abe and colleagues54 identified that connectivity pat-
terns between the ACC and insula not only predicted treatment
response but may also reflect an individual’s capacity for central
compensation in the face of persistent inflammatory signaling.
These findings align with broader literature on cognitive resil-
ience, suggesting that variability in network plasticity and des-
cending pain modulatory capacity may partially explain why
some patients adapt better to chronic disease burden than
others. Interestingly, psychological resilience has also been
linked with pain-related functional connectivity.75 Hemington
and colleagues found that resilience scores of healthy control
patients showed a negative correlation with DMN-salience net-
work internetwork connectivity. In contrast, patients with AS
had a positive correlation between pain scores and interconnec-
tivity between these networks.

Clinical implications. Together, these studies extend the
neuroimaging evidence in inflammatory arthritis beyond pain to
encompass fatigue, depression, and resilience. For clinicians,
they reinforce that persistent fatigue or mood disturbance should
not be dismissed as nonspecific complaints but rather as poten-
tial markers of central dysregulation linked to inflammatory signal-
ing. This recognition may encourage integration of mental health
support, fatigue-management strategies, and centrally acting
pharmacologic or nonpharmacologic interventions into standard
care alongside immunosuppressive therapy.
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Integrating the pathways: a mechanism-based
model for pain management in inflammatory
arthritis

The accumulating neuroimaging evidence supports a
reframing of pain in inflammatory arthritis as a product of both
bottom-up inflammatory signaling and top-down CNS modula-
tion (Figure 3). Although DMARDs remain the cornerstone of
treatment for synovitis, many patients continue to experience
pain, fatigue, and mood disturbance after inflammatory control is
achieved. This disconnect highlights the need for a mechanism-
based model of pain management that integrates immune modu-
lation with strategies targeting central pain pathways.

A top-down and bottom-up framework. In this model,
peripheral inflammation acts as a bottom-up driver of pain,

activating ascending nociceptive pathways via cytokine-mediated
effects on the thalamus, insula, and somatosensory cortices.36,38

At the same time, maladaptive top-down processes, including
hyperconnectivity of the DMN, salience network, and limbic net-
work and impaired DPMS activity, sustain nociplastic pain even
when inflammation is controlled.23,37 Importantly, these pro-
cesses are not mutually exclusive but frequently coexist, produc-
ing the complex pain phenotypes observed in RA, PsA, and
axSpA.

Opportunities for CNS-targeted interventions.
Recognizing the central contribution to pain in inflammatory arthritis
opens the door for adjunctive therapies targeting CNS pathways.

• Pharmacologic interventions: centrally acting medications
such as serotonin-noradrenaline reuptake inhibitors (eg,

Figure 3. Top-down and bottom-upmechanisms of persistent pain in inflammatory arthritis. Neuroimaging evidence highlights two complemen-
tary pathways that contribute to pain beyond joint inflammation. Bottom-up mechanisms involve peripheral drivers such as joint inflammation and
cytokines (TNF-α, IL-6, and IL-1) that activate ascending nociceptive pathways to the thalamus, somatosensory cortex, and insula, producing
increased pain signaling and sickness behaviors. This phenotype is characterized by pain that correlates with markers of inflammation and typically
improves with DMARDs or biologics. In contrast, top-downmechanisms reflect central sensitization and maladaptive modulation of pain, driven by
the enmeshment of the default mode, salience, and limbic networks, impaired DPMS activity, and mood/fatigue-related processes. These
changes, involving the mPFC, ACC, insula, and PAG, sustain pain despite controlled inflammation. Clinically, this presents as pain disproportion-
ate to swelling, fibromyalgia-like features, and poor response to DMARDs alone. Together, these pathways emphasize the dual central and periph-
eral origins of persistent pain in inflammatory arthritis. ACC, anterior cingulate cortex; dlPFC, dorsolateral prefrontal cortex; DMARD, disease-
modifying antirheumatic drug; DMN, default mode network; DPMS, descending pain modulatory system; IL, interleukin; IPL, inferior parietal lobule;
mPFC, medial prefrontal cortex; PAG, periaqueductal gray; TNF-α, tumor necrosis factor α. Color figure can be viewed in the online issue, which is
available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25694/abstract.
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duloxetine) have demonstrated efficacy in fibromyalgia
and may benefit patients with inflammatory arthritis with
nociplastic pain features.52 Other agents, including prega-
balin and low-dose tricyclic antidepressants, may also be
considered in select cases.

• Psychological therapies: cognitive behavioral therapy and
acceptance and commitment therapy have been shown
to improve coping, reduce catastrophizing, and enhance
resilience, with fMRI studies suggesting they modulate
the frontoparietal and limbic circuits implicated in noci-
plastic pain.65

• Lifestyle and nonpharmacologic approaches: exercise,
sleep optimization, and stress-reduction strategies (eg,
mindfulness-based interventions) have demonstrated
benefits for both pain and fatigue. Neuroimaging evidence
suggests these interventions enhance functional connec-
tivity within executive and descending inhibitory networks,
potentially restoring more adaptive top-down regulation.

Toward mechanism-based personalized care. Future
clinical models should incorporate systematic screening for noci-
plastic pain features, fatigue, and mood disturbance alongside
traditional disease activity assessments. Neuroimaging bio-
markers, including baseline thalamic and insula-ACC connectivity
patterns, may eventually guide treatment stratification by identify-
ing patients most likely to benefit from biologic therapies or
adjunctive CNS-targeted interventions.38,39,53,54 Such an inte-
grated, mechanism-based approach shifts the paradigm from
treating to target to treating to recovery, with the ultimate goal of
reducing pain, improving function, and enhancing quality of life.

Putting the brain on the rheumatology roadmap

The recognition that CNS mechanisms play a fundamental
role in pain, fatigue, and mood disturbance in inflammatory arthri-
tis represents a paradigm shift for rheumatology. Neuroimaging
has moved this field forward by providing objective, in vivo
markers of central pain processing and demonstrating that brain
changes both respond to, and sometimes predict, treatment
effects. To realize the clinical potential of these insights, several
key directions are now needed.

Larger, longitudinal cohort studies.Most existing neu-
roimaging studies in inflammatory arthritis have been small,
single-center investigations. Larger, longitudinal cohorts will be
essential to validate early findings and determine the natural his-
tory of CNS changes in relation to disease activity, treatment,
and patient-reported outcomes. Such studies could clarify
whether specific neuroimaging signatures are stable traits, modifi-
able states, or both and whether they can predict long-term func-
tional outcomes.23,36

Neuroimaging as a stratification tool for clinical
trials. There is growing interest in using neuroimaging bio-
markers to stratify patients in randomized controlled trials. Base-
line thalamic activation and insula-ACC connectivity, for
example, have been linked to differential responses to TNF inhibi-
tors.37,54 Incorporating such markers into trial design could help
identify the patients most likely to benefit from specific biologics
or adjunctive centrally acting therapies, increasing both the effi-
ciency and success of trials.

Back-translation of mechanistic insights to clinical
measures. To ensure that mechanistic insights reach the bed-
side, there is a need to translate neuroimaging findings into
accessible clinical tools. This could include the refinement of com-
posite indices that integrate measures of nociplastic pain fea-
tures, fatigue, and mood disturbance, informed by brain-based
evidence. Routine use of validated patient-reported outcome
measures, alongside clinical and laboratory indices, may allow
rheumatologists to better identify patients with centrally mediated
symptoms, even when advanced imaging is not available.52,53

The future of mechanism-based rheumatology.
Ultimately, the integration of brain-focused research into rheuma-
tology practice promises a more comprehensive, mechanism-
based approach to patient care. By recognizing the CNS as both
a target and a mediator of symptom burden, the field can move
beyond treating inflammation alone to improving holistic out-
comes. Neuroimaging stands to play a pivotal role in this transfor-
mation, guiding patient stratification, informing personalized
therapy, and closing the gap between inflammatory control and
meaningful recovery.
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R E V I EW A R T I C L E

Longitudinal Relationship Between Pain and Depression
in People With Inflammatory Arthritis: A Narrative Review

Natasha Cox,1 Saeed Farooq,2 Helen Twohig,2 and Ian C. Scott1

As many patients with inflammatory arthritis (IA) have chronic pain, understanding how to best assess and manage
pain in IA is a priority. Comorbid depression is prevalent in adults with IA, affecting 15% to 39% of people. Although
pain and depression are thought to be associated in IA, this concept is largely based on cross-sectional data. To better
understand potential causality, longitudinal studies are required. This narrative review examines the relationship
between pain and depression in patients with IA participating in observational longitudinal studies (spanning associa-
tion strengths, direction of effect, and causal factors) and summarizes the literature on causal pathways in general
populations alongside guideline recommendations/systematic reviews on assessing pain/depression in IA. Fourteen
longitudinal studies in IA largely indicate an association between pain and depression, albeit with a small-to-modest
effect size and a focus on pain intensity. This relationship appears to be bidirectional. Evidence on causal pathways
is sparse in IA and limited in non-IA populations (with structural/function brain changes, altered sensory/pain thresh-
olds, and sleep disturbance implicated) highlighting a need for further research. Although many patient-reported out-
come measures exist to assess pain and depression in IA, evidence for their psychometric properties is often limited,
and IA guidelines offer incomplete advice on pain/depression assessment. A simple approach of using a single-item
pain intensity score (eg, a Numeric Rating Scale, which has strong clinimetric properties) in routine IA consultations,
with screening for depression where relevant, appears appropriate. Further research is needed to understand how this
could be achieved in different health care settings.

Introduction

Despite substantial therapeutic advances in treating synovi-

tis, chronic pain remains a problem for many patients with inflam-

matory arthritis (IA).1 Surveys demonstrate that most patients with

IA have daily pain of moderate-to-severe intensity,2,3 and longitu-

dinal studies demonstrate that many patients with rheumatoid

arthritis (RA),4,5 axial spondylarthritis,6 and psoriatic arthritis

(PsA) receiving biologic disease-modifying antirheumatic drugs

experience persistent pain.7 Chronic pain in IA has widespread

impacts, associating with worse quality of life, disability, and

fatigue7–10 alongside high levels of long-term opioid and gaba-

pentinoid prescribing11 (despite absent trial evidence of

efficacy).12 Consequently, understanding how to best assess

and manage pain in IA is a priority.13

Depression affects an estimated 15% to 39% of adults with

IA, depending on the definition used14,15 (far higher than the esti-

mated 5% of adults affected in the general population16). Comor-

bid depression in IA has been reported to associate with lesser

treatment responses,17 worse quality of life,18 and higher mortality.19

Although widely believed that depression associates with pain in

IA, this is largely based on cross-sectional data showing moder-

ate correlations between depression levels and pain intensity

scores.20–23 As longitudinal studies are required to better under-

stand potential causality, the primary aim of this narrative review

is to summarize longitudinal observational studies examining the
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relationship between pain and depression in IA (spanning the
strength of associations, direction of effect, and potential causal
factors). Its secondary aims are to summarize literature on
(a) potential causal pathways underlying the associations
between pain and depression in general populations and (b) the
best ways to measure and assess pain and depression in routine
IA care. This information will be of substantial value to rheumatol-
ogists (and other health care professionals, including those in pri-
mary care) in informing their use of biopsychosocial IA pain care.

Methods

To address our primary aim, we searched three bibliographic
databases (MEDLINE, PsycINFO, and CINAHL) for longitudinal
observational studies examining the relationship between depres-
sion and pain in the most common types of IA (RA and/or spondy-
loarthritis), including studies considering the association between
pain and depression and/or variables explaining this relationship.
For our secondary aims, we searched PubMed for systematic lit-
erature reviews examining (a) causal pathways for the relationship
between pain and depression in adults published in the last
decade and (b) tools to assess pain/depression in IA. Searches
were conducted by one author (NC), with an overview of the
approach detailed in Supplementary Figure 1.

Association between pain and depression in IA

Overview. This section considers longitudinal study evi-
dence for the association. From 6,505 references, 14 relevant
studies were identified (Table 1). All considered pain intensity
using a range of analytical methods; two also considered other
pain dimensions.

Correlations between depression and pain. These
were reported in two studies. We classified correlation coeffi-
cients as very strong (0.8–1), strong (0.6–0.8), moderate
(0.4–0.6), weak (0.2–0.4), and very weak (0–0.2).24,25 Gialouri
et al examined the course of depression and its possible associa-
tions with disease-related variables/patient-reported outcome
measures (PROMs) in 93 patients with PsA enrolled from two
hospitals. Data were considered at two sequential visits (between
2019 and 2021). The correlation between changes in depression
scores (measured using the Hospital Anxiety Depression Scale
[HADS]) and changes in pain intensity scores (measured using a
Numeric Rating Scale [NRS]) indicated a weak, statistically signif-
icant correlation (r = 0.27, P = 0.01).26 Chaney et al examined the
correlation between baseline pain intensity scores and depres-
sion scores at one follow-up timepoint (mean 12.2 months) in
42 patients with RA. They used the 18-item Inventory to Diagnose
Depression and Modified Stanford Health Assessment Question-
naire Pain scale, reporting a moderate, significant correlation
(r = 0.53, P = 0.01).27

Depression explaining pain. Four studies evaluated the
association between depression as an explanatory variable and
pain intensity an outcome variable. Three reported statistically
significant associations, and one had mixed findings. First,
Graham-Engeland et al examined whether baseline depressive
symptoms predicted mean momentary pain scores in 31 patients
with RA over 7 days using multilevel modeling. Depression was
measured at baseline using the Centre for Epidemiological
Studies Depression Scale (CES-D) (0–60; ≥19 indicative of
depression), and pain was measured five times a day for 7 days
(using self-reported scales, ranging from 0 to 6 for stiffness, pain,
and joint tenderness/swelling; the mean of these created a “total
pain scale”). Higher baseline depression scores associated with
higher pain intensity scores (unstandardized β = 0.09; P <
0.05),28 indicating that for every 10-unit increase in baseline
depression scores, a corresponding 0.9-point increase in mean
pain scores during follow-up was observed.

Second, Ward assessed the association between depres-
sion and pain in 24 patients with RA over 60 weeks (data col-
lected twice-weekly) using a pooled time-series regression.
Depression was measured using the CES-D scale (modified
version, excluding items closely related to arthritis to ensure
depression was not overestimated) and pain using the Health
Assessment Questionnaire (HAQ) pain scale (0–3). Change in
depression scores significantly associated with change in pain
intensity scores (partial R2 = 0.06; P < 0.0001), indicating that
changes in depression explained 6% of the variation in changes
in pain.29

Third, Snoeck Henkemans et al examined the association
between depressive symptoms and disease activity (including
pain) in 367 patients with PsA over 2 years using linear mixed-
effects models. Depression was measured using the depression
subscale of HADS (0–21; scores >7 indicating depression) and
pain using a 10-cm Visual Analog Scale (VAS). Depression at
any time during follow-up associated with higher mean pain
scores (evidenced by graphical representation, although raw data
were not reported).30 Fourth, Rathbun et al assessed whether
depression affects disease activity (including pain) in 268 veterans
with early RA prescribed methotrexate. They used weighted gen-
eralized estimating equations to model outcomes at 6, 12, and
24 months. Depression was determined by the presence of an
International Classification of Disease, Ninth Revision (ICD-9)
code, and pain using a 10-cm VAS. Baseline depression signifi-
cantly associated with higher pain scores at 6 (P = 0.029) and
12 (P = 0.028) but not 24 months (P = 0.735), suggesting that dif-
ferences in pain levels by depression status may decline over
time. As depression was only measured at baseline, and depres-
sion status could have altered over follow-up, this could have
biased 2-year findings to the null.31

Pain explaining depression. Three studies evaluated the
association between pain intensity as an explanatory variable and
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depression an outcome variable. Two reported statistically signif-
icant associations and one had mixed findings. First, Wolfe and
Hawley examined the extent to which clinical variables (including
pain) explained depression scores between two clinic visits in
713 patients with RA using stepwise regression models. The
Arthritis Impact Measurement Scale (AIMS) depression subscale
(0–10) measured depression, and a VAS (0–3) measured pain.
Change in pain scores significantly associated with change in
depression scores (partial R2 = 0.04; P < 0.001), suggesting that
4% of the change in depression scores could be explained by
the change in pain scores.32 As most patients had visits <1 year
apart, the longer-term applicability of these findings is uncertain.

Second, McQuillan et al examined associations between
changes in RA symptoms (including pain) and depressive symptoms
in 854 patients with RA over 10 years (data collected annually) using
multilevel modeling. The CES-D measured depression and an NRS
(0–100) measured pain. Changes in pain scores associated with
changes in depressive symptoms (unstandardized β = 0.04;
P < 0.001),33 indicating that for every 10-unit increase in pain scores
a 0.4 increase in depression scores was seen.

Third, Conner et al examined the association between
depression (as both a binary and continuous variable) and pain
intensity in 188 patients over 30 days (data collected using daily
diaries). A history of depression was assessed by interview and
pain intensity using an NRS (0–100). Using multilevel modeling
they reported that, although depression history did not associate
with mean daily pain scores, current depression did (unstandard-
ized β = 7.81; P < 0.001) indicating that for every additional
depressive symptom, a 7.81-unit increase in pain was
observed.34

Bidirectional relationship between pain and
depression. Five studies evaluated this using different
approaches. One reported statistically significant associations in
both directions, two reported mixed findings, and two did not
report significant associations. First, Husted et al examined
whether depressive symptoms influenced changes in pain scores
and vice versa in 394 patients with PsA over 7.5 years using linear
mixed-effects models. Depression was measured using the Short
Form 36 (SF-36) mental component score and pain using the
HAQ pain scale. Although the strongest predictors of changes in
pain and depressive symptoms between visits were their scores
at the previous visit (standardized regression coefficients >0.75)
there was evidence of a small bidirectional relationship (standard-
ized regression coefficients <0.3) between depressive symptoms
and pain.35

Second, Brown examined the extent to which chronic pain
and depression were associated in 243 patients with RA, collect-
ing data every 6 months for seven waves (first and final 12 months
used for analysis). Depression was measured using the CES-D
and pain using the AIMS pain subscale and 10-cm pain VAS.
Using structural equation modeling, pain scores predicted

depression scores over 6 months in the final 12 months (but not
the initial 12 months); depression scores did not predict pain
scores.36

Third, Smedstad et al explored the bidirectional relationship
between depression and pain in 216 patients with RA over
24 months. Using multiple linear regression models and a cross-
lagged panel approach they assessed whether changes in
depression (AIMS depression scale) influenced subsequent pain
levels (100-mm VAS) and vice versa. Depression scores at one
timepoint did not predict pain 1 year later (β = 0.00; P = “not sig-
nificant” at 12 months; β = 0.03; P = “not significant” at
24 months). Similarly, pain scores did not predict future depres-
sion (β = −0.12; P = “not significant” at 12 months; β = 0.06;
P = “not significant” at 24 months).37

Fourth, Odegård et al examined the association between
pain and depression in 149 patients with RA over 10 years (fol-
low-up data collected at 1, 2, 5, and 10 years) using a repeated-
measures mixed model. The AIMS depression scale and
100-mm pain VAS were used. They observed no significant asso-
ciation between depression and the course of pain and vice versa
(statistical values not provided).38

Fifth, Hawley and Wolfe, in 400 patients with RA over
4.5 years (data capture every 6 months) used linear regression
models to explore the association between mean depression
scores and mean pain scores and baseline depression scores
and follow-up pain scores. They also used logistic regression
models to explore the association between baseline pain scores
and improvements/worsening in depression scores. The AIMS
depression and HAQ pain subscales were used. Mean depression
scores associated with mean pain scores (β = 0.21; P < 0.001)39

and higher baseline depression scores associated with higher
follow-up pain scores (β = not reported; P = 0.047). Pain did not
associate with clinically significant improvements/worsening in
depression scores (statistical values not provided).39

Depression and other pain dimensions. Two studies
also considered other pain dimensions. Graham-Engeland et al
used multivariable regression modeling to explore the impact of
depression at study baseline on mean “pain-related restrictions”
over 1 week (0–6 scale). Patients with depression had higher
levels of pain-related restrictions (unstandardized β = 0.08;
P < 0.01).28 Conner et al used multilevel modeling to assess
whether pain “coping strategies” and “coping appraisals” associ-
ated with depression.34 Pain-coping strategies were assessed
using seven items, with participants asked if they used/thought
of various strategies to help with their arthritis pain (eg, relaxa-
tion/distraction). Pain-coping appraisals were assessed using
Likert scales and included catastrophizing and positive
appraisals. They reported mixed results, with four (of seven) cop-
ing strategies (comprising reappraisal, venting emotions, spiritual
comfort, and emotional support) and one (of three) coping
appraisals (catastrophizing) associating with depression.34
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Summary. These longitudinal studies (with a few excep-
tions) support cross-sectional studies demonstrating an associa-
tion between pain and depression in patients with IA. They also
suggest a bidirectional relationship; although among the five stud-
ies considering the association from both directions there was
only a statistically significant bidirectional effect in one study,
among the four studies examining depression as an explanatory
variable for pain and the three studies examining pain as an
explanatory variable for depression, all demonstrated positive
and statistically significant associations in some form. This has
several caveats. First, the strength of the associations (and corre-
sponding effect sizes) is small to modest. Second, most evidence
is for a single dimension (intensity) of a multidimensional symptom
(pain). Third, the evidence for this relationship is strongest in
short- to medium-duration studies but more conflicting in longer-
term studies.

Potential causal pathways

Overview. This section begins by considering pain and
depression definitions/mechanisms. It then describes evidence
from longitudinal studies examining mediators of the association
between pain and depression in IA, followed by systematic litera-
ture reviews examining causal pathways in non-IA populations.

Pain definition and mechanisms. The International
Association for the Study of Pain defines pain as “an unpleasant
sensory and emotional experience associated with, or resembling
that associated with, actual or potential tissue damage.”40,41 This
definition was recently updated to include “key notes.” Of partic-
ular relevance to depression is the note that pain “is always a per-
sonal experience that is influenced to varying degrees by biologic,
psychological, and social factors.”41 Pain is conceptually classi-
fied into three main categories: nociceptive pain (from actual or
threatened damage to nonneural tissue, with nociceptor activa-
tion), neuropathic pain (from a lesion/disease of the somatosen-
sory nervous system), and nociplastic pain (from altered
nociception despite no clear evidence of actual/threatened tissue
damage causing peripheral nociceptor activation or evidence for
a disease/lesion of the somatosensory system).42

Traditionally, pain in IA was thought to be dominated by noci-
ceptor activation from synovial inflammation and joint damage.
However, the roles of nociplastic and neuropathic mechanisms
are increasingly recognized,43,44 with a recent systematic review
reporting the prevalence of pain sensitivity/neuropathic-like pain
in patients with IA to be 36% to 42%45 and comorbid fibromyalgia
estimated to affect 21%, 18%, and 13% of patients with RA, PsA,
and ankylosing spondylitis, respectively.46 Consequently, it has
been proposed that pain in IA is a “mixed type,” defined as “a
complex overlap of the different known pain types (nociceptive,
neuropathic, [and] nociplastic) in any combination, acting simulta-
neously and/or concurrently to cause pain in the same body

area.”47 This complexity complicates IA pain research and
treatment.

Depression definition and mechanisms. Two criteria
are often used to define depression: ICD-11 and Diagnostic

Statistical Manual of Mental Health Disorders, Fifth Edition, which
use the terms “depressive episode” and “major depressive
episode,” respectively. Both require at least five (from nine) char-
acteristic depressive symptoms to be present during the same
2-week period accompanied by a change from normal
functioning.

Depression’s underlying mechanisms remain unclear, with
various factors considered important, including monoamine defi-
ciency, genetic/environmental factors, neurogenesis, and immu-
nologic/endocrinological abnormalities. Hypothalamic pituitary
adrenal axis dysregulation is considered to provide a neurobiolog-
ical link between many of these factors and depression.48 A
recent narrative review has examined factors that may underlie
the increased prevalence of comorbid depression in IA, with
shared cytokine pathways, inflammatory mediated neurologic
changes, and the psychological and social impacts of chronic dis-
ease considered potentially important.49

Longitudinal studies of causal factors in IA. From
6,505 references, we identified two studies exploring mediators
of the association between pain and depression in patients with
IA (one was also included in the analysis of associations). First,
Brown et al examined the role of coping strategies during pain
episodes in predicting depression in 287 patients with RA using
cross-lagged, covariance structural modeling. They conducted
two data collection “waves” 2 months apart. They reported that
“passive” coping strategies (eg, depending on others/restricting
activities) associated with higher levels of depression. Conversely,
“active” coping strategies (eg, staying busy/ignoring pain) had
lesser associations with depression. They also reported that an
interaction between high pain levels and frequent use of passive
coping strategies resulted in the greatest levels of depression.
Conversely, active coping strategies had an inverse association
with depression.50

Second, Graham-Engeland et al, previously described,
examined whether baseline depressive symptoms and momen-
tary mood fluctuations (both positive and negative) predicted
momentary pain among 31 adults with RA using multilevel model-
ing. They measured depression at baseline using the CES-D, with
momentary pain and mood data collected five times a day for
1 week. Baseline depressive symptoms associated with higher
levels of momentary pain and pain-related restrictions. Although
greater momentary positive mood associated with less pain and
fewer pain-related restrictions, greater momentary negative mood
associated with more pain-related restrictions but did not signifi-
cantly predict pain after controlling for stress experiences.28
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Systematic reviews of causal pathways in non-IA
populations. From 729 potential references, nine relevant sys-
tematic reviews were identified (Table 2). Causal pathways con-
sidered can be classified as neurobiologic (five reviews),
psychosocial (one review), and multiple mechanisms (three
reviews).

Neurobiologic. The emergence of neuroimaging, particularly
magnetic resonance imaging (MRI), has provided insights into
brain structural/functional changes (termed “neuroplasticity”)
occurring in chronic pain.60 Four reviews synthesized literature
on brain regions/morphologic brain changes occurring in associa-
tion with pain and depression. First, Malfliet et al evaluated the
relationship between maladaptive cognitive and emotional factors
related to pain (including depression) and brain alterations (mea-
sured by MRI/functional MRI [fMRI]) in patients with chronic pain.
A total of 14 included studies considered depression (measured
by self-reported questionnaires), observing evidence for the fol-
lowing MRI changes: (1) an inverse relationship with resting state
functional connectivity in brain areas involved in pain processing
(one case-control study in patients with fibromyalgia, considered
“weak” methodologic quality), (2) a positive correlation with parts
of the default mode network involved in affective-cognitive pro-
cessing (one case-control study in patients with localized
provoked vulvodynia, considered “strong” methodologic quality),
and (3) a positive association with pain-induced activation of the
left prefrontal cortex (one case-control study in patients with irrita-
ble bowel syndrome, considered “weak” methodologic quality).
However, many studies reported no associations between
depression and brain changes, variation in MRI techniques across
studies limited the interpretation of the findings, and it is unknown
if these changes also occur in people without chronic pain.54

Second, Zheng et al used activation likelihood estimation
meta-analysis to identify neural correlations with comorbid pain
and depression. Activation likelihood estimation meta-analysis
represents a quantitative approach for pooling neuroimaging
metadata.61 Twenty-six studies using MRI, fMRI, or positron
emission tomography were included (most considered “poor”/“-
fair” quality). Meta-analysis suggested that, in people with pain
as the primary diagnosis, concomitant depression associated
with increased activation of the right parahippocampal gyrus/
amygdala, whereas in people with depression as the primary
diagnosis, concomitant pain associated with increased activation
of the left superior frontal gyrus and left thalamus. However, only
studies reporting statistically significant results were included,
with many studies reporting no significant associations.52

Third, as amygdala size has been reported to increase in
people with major depression, Chen et al synthesized literature
on the relationship between emotional stress and MRI-measured
amygdala size in patients with chronic pain versus healthy con-
trols. Emotional stress was captured using outcomes considering
both depression and anxiety. Thirteen studies were included;
seven reported significant amygdala shrinkage in patients with

chronic pain and emotional stress versus controls (Hedges
g = −0.73; P = 0.02). However, it cannot be established whether
these changes are related to depression, anxiety, chronic pain or
confounding variables.51

Fourth, as gray matter volume alterations are considered key
neuroplastic changes in people with chronic pain and depressive
symptoms, Ma et al synthesized data from relevant voxel-based
morphometry studies (a method to analyze brain microstructural
changes) comparing gray matter changes in patients with chronic
pain and associated depression with healthy controls. Eighteen
studies were included. Compared with healthy controls, people
with chronic pain and depression had increased gray matter vol-
ume in the left hippocampus (P < 0.005) and decreased gray mat-
ter volume in the medial part of the left superior frontal gyrus (P <
0.005).53

One systematic review explored responses to painful stimuli
according to the presence of depression, with Thompson et al
conducting a meta-analysis to compare responses to experimen-
tally induced pain in depressed and healthy groups.55 A total of
32 studies were included. Outcomes considered were pain
threshold (when pain is first perceived), tolerance (when pain can
no longer be tolerated), and intensity. Pain tolerance for high-
intensity noxious stimulation was similar between groups
(Hedges g = 0.09, P = 0.71; 10 studies), but for low-intensity stim-
ulation a small, statistically significant higher mean sensory
threshold (g = 0.35, P = 0.01; nine studies) and pain threshold
(g = 0.32, P = 0.02; 25 studies) was observed in depressed ver-
sus control groups. Although this finding suggests that people
with depression may have a higher pain threshold for low-intensity
noxious stimuli, the effect size was small and marked heterogene-
ity was observed. A proposed conceptual model for this paradox-
ical finding was that, for low-intensity painful stimuli, greater
attention is devoted to nonpainful stimuli (eg, internal thoughts)
reducing mild pain by denying it attention resources but having
no impact for higher-intensity painful stimuli demanding greater
attention.

Psychosocial. One review considered psychosocial path-
ways, with Karimi et al examining the extent to which sleep distur-
bance mediates the relationship between depression and chronic
pain. A total of 49 studies were included, with most (37 studies)
considered to be of high quality. They reported, with moderate
certainty in the evidence, that 12.5% of the total effect of depres-
sion on pain could be accounted for by the indirect effect of dis-
turbed sleep, although causality could not be inferred.56

Multiple mechanisms. Three reviews considered both bio-
logic and psychosocial pathways. First, Antoniou et al synthe-
sized neuroimaging study findings to examine the impact of
adverse childhood experiences on neural correlations with
chronic pain and depression (either alone or in combination).
From 49 included studies, 43 considered adverse childhood
experience and major depressive disorder and 4 considered
adverse childhood experience and chronic pain (no studies
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examined adverse childhood experience and major depressive
disorder and chronic pain in combination). Most (40 studies) were
considered at low risk of bias. Task-based fMRI results indicated
that (compared with people without adverse childhood experi-
ences) those with depression and adverse childhood experiences
had functional and structural brain changes in the superior frontal,
lingual gyrus, hippocampus, insula, putamen, superior temporal,
inferior temporal gyrus, and anterior cerebellum, and those with
depression or chronic pain and adverse childhood experiences
had changes in the cingulate gyrus, inferior parietal lobule, and
precuneus. Although this suggests adverse childhood experi-
ences can lead to brain alterations, without examining changes
in people with both chronic pain and depression, their relevance
to this relationship is unknown.57

Second, Khan et al narratively synthesized findings from twin
studies exploring the covariation between pain, depression,
and/or anxiety. From 23 included studies, six examined the
covariation between pain and depression. Marked heterogeneity
was seen in study methods (eg, depression definitions), and all
but one were cross-sectional. Results varied, with one study
reporting that the association between pain and depression was
“entirely explained” by shared genetic influences, three reporting
significant nonshared environmental effects underlying the asso-
ciation, one reporting the association was explained by unmea-
sured genetic and shared environmental effects, and one
reporting no evidence of unmeasured familial factors.58 Conse-
quently, the extent to which genetic and environmental factors
underlie the association is unclear.

Third, Dresler et al explored the association between
migraine and psychiatric disorders (including depression) and its
potential mechanisms. For major depression, they reported that
studies indicated a bidirectional relationship, with potential mech-
anisms including shared genes, neurotransmitter changes,
shared hypothalamic pituitary adrenal axis involvement, cytokine
imbalances, and neuroplasticity.59

Summary. Evidence for causal pathways for the associa-
tion between pain and depression in IA is limited, with only one
longitudinal study showing evidence for a potential causal pathway
(suggesting passive pain-coping behaviors increase the risk of
depression). In non-IA populations, many studies have examined
the potential role of neuroplasticity, with various structural/
functional brain changes observed in people with pain and depres-
sion; however, whether these changes are clinically relevant
remains unknown. In non-IA populations, the clearest evidence
relates to the role of sleep disturbance, which is estimated to
account for 12.5% of the effect of depression on pain.

Clinical assessment of pain and depression in IA

Overview. This section details evidence on the potential
ways to assess pain and depression in adults with IA in routine

care. It summarises recommendations from clinical guidelines

and systematic review evidence on outcome measures.

Guidelines on pain assessments. Most IA guidelines
focus on disease activity, providing little guidance for pain assess-
ment.62–66 Only one guideline (from EULAR) has specifically
focused on IA pain. This emphasizes the need for biopsychoso-
cial pain assessments, considering (1) patients’ views on their
pain’s cause; (2) pain severity (using a VAS/NRS) and characteris-
tics; (3) current/previous pain treatments; (4) current inflamma-
tion/joint damage as pain sources; and (5) pain-related biologic,
psychologic, and social factors.67 Undertaking these in a brief
outpatient visit/primary care consultation is challenging. A UK
guideline, which will cover pain assessments in patients with IA,
is currently being produced by the British Society for
Rheumatology.68

Guidelines on depression assessments. Although no
specific guideline exists for mental health assessments in IA, the
EULAR and National Institute For Health and Care Excellence
(NICE) IA guidelines highlight the importance of assessing mental
health.63,69 The NICE RA guideline directs people to NICE
“Depression in adults with a chronic physical health problem”
guidance, which proposes using a simplified Patient Health Ques-
tionnaire (PHQ) 2 version for case identification, asking people
who may have depression two questions: (1) “during the last
month, have you often been bothered by feeling down,
depressed, or hopeless?” and (2) “during the last month, have
you often been bothered by having little interest or pleasure in
doing things?“70 If people answer “yes” to either, it recommends
further exploration of symptoms by a practitioner competent in
assessing mental health. Within the United States, the Preventive
Services Task Force produced a recommendation statement in
2023 on screening for depression in adults. This recommends
screening adults for depression in primary care. Although no sin-
gle approach is advocated, the statement highlights the availabil-
ity of commonly used screening instruments, including the PHQ,
CES-D, and (in older adults) the Geriatric Depression Scale. It
acknowledges the lack of evidence for optimal timing for screen-
ing, with a pragmatic approach suggested of screening adults
that have not been screened before and using clinical judgment
to determine if additional screening of patients at increased risk
is warranted.71

Tools to assess pain and depression in IA. We identi-
fied 19 systematic reviews evaluating pain and/or depression out-
come measures in IA (from 867 references). We have described
findings from five key systematic reviews of most clinical rele-
vance (with many considering PROMs in research settings). Full
details of all reviews are provided in Table 3. First, Englbrecht
et al reviewed literature on measuring pain in IA to generate clinical
practice recommendations. Across 51 studies, single pain-
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related items, such as the VAS or NRS, were considered well val-
idated and suitable for routine clinical use owing to strong clini-
metric properties (convergent validity, responsiveness, and
feasibility).73 Second, Barnabe et al evaluated validation studies
for PROMs in populations at risk of inequities; three studies evalu-
ated the pain VAS, which appeared reliable and feasible across
languages (Spanish and Japanese).72

Third, Rutter-Locher et al evaluated the prevalence of pain
sensitivity/neuropathic-like pain in studies using PROMs. A total
of 11 studies used the Central Sensitisation Inventory, 17 studies
used the Douleur Neuropathique 4 questionnaire, 7 studies used
the Leeds Assessment of Neuropathic Symptoms and Signs
questionnaire, 33 studies used the painDETECT questionnaire,
and 4 studies used the McGill questionnaire. The prevalence of
pain sensitivity and neuropathic-like pain ranged from 31% to
42%, highlighting the need to consider the type of pain in
assessments.45

Fourth, Victoria et al sought to determine the most accurate
depression scale in patients with RA. Across the 28 studies,
11 tools were evaluated, of which the CES-D (and its variations)
were used most frequently and considered to have the best psy-
chometric properties.74 Finally, Küçükdeveci et al synthesized evi-
dence of performance (eg, validity, ability to detect meaningful
differences, and feasibility) of PROMs in RA to help clinicians
make informed choices about which to use for a given purpose.
A process to assess the quality of reported psychometric evi-
dence for PROMs (based on the Outcome Measures in RA Clini-
cal Trials filter) was applied. Twenty PROMs to assess pain were
identified: four (AIMS, AIMS-2, Nottingham Health Profile, and
SF-36) were considered to have moderate, 10 weak, and six
absent underpinning psychometric evidence. Of 23 PROMs to
assess emotional function/mental health, four were depression
specific, and only one was considered to have moderate psycho-
metric evidence (HADS depression subscale). Notably, the widely
used pain VAS/NRS and PHQ-9 were not included.80

Summary. Current IA guidelines lack detailed recommen-
dations about the assessment of pain and depression and,
despite a range of PROMs existing to assess these in patients
with IA, the evidence for their psychometric properties is often
considered limited. However, it is our perspective that, in view of
the dominance of pain in patients with IA, all IA consultations
should incorporate the use of PROMs to routinely measure pain
(eg, an NRS, which has robust supportive evidence and is quick
to complete) and screening for depression where relevant. In our
own clinical practice, the use of electronic PROMs to achieve this
is highly acceptable to patients.84

Future research

Our review has highlighted two research needs. First is a
requirement to better understand the causal pathways

underpinning the bidirectional relationship between pain and
depression in IA. These are likely to include biologic (eg, neuro-
plasticity), psychologic (eg, pain-coping strategies), and social
(eg, work impact) factors. Understanding pain mechanisms is
essential to develop novel pain therapies. However, regardless
of causality and mechanisms, there is a compelling argument to
routinely assess and manage pain and depression in patients with
IA, as improving both is likely to have beneficial effects on
patients’ lives. Therefore, the second research need is to explore
how to best integrate pain assessments and depression screen-
ing into routine IA care in a manner that is acceptable to patients
and clinicians and fair. Although digital systems show promise in
achieving this, they have the potential to worsen care inequalities;
for instance, older adults (in whom IA is more common85) are less
likely to have internet access86 or the skills necessary to navigate
online resources independently.87 Ensuring that groups of people
are not left behind in digitally evolving health care systems is
crucial.

Conclusions

Many longitudinal studies demonstrate a relationship
between pain and depression in people with IA, which appears
to be bidirectional. Although the causal pathways underpinning
this are unclear, and the effect sizes are small to modest, the prev-
alent nature of chronic pain and depression in patients with IA
supports the role of routinely assessing both issues in outpatient
consultations and implementing systemic care approaches to
effectively manage them. Further research is needed to under-
stand how to best achieve this in a manner that is feasible and
acceptable to patients and clinicians.
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R E V I EW A R T I C L E

Considerations for Issues of Regression to the Mean
and Contextual Effects in Clinical Trials for Pain
in Rheumatic Diseases

Yen T. Chen, Guohao Zhu, Afton L. Hassett, Daniel Clauw, and Susan L. Murphy

Recently, there has been growing discussion about how to best assess pain in clinical trials in rheumatic diseases.
Reliable measurement of pain outcomes is essential for accurately determining the effectiveness of treatments.
Although pain intensity is the most common measure of change in pain trials, other pain-related measures, such as
pain interference, are also frequently assessed. Interpreting treatment effects on these outcomes can be complicated
due to statistical phenomena, particularly regression to the mean and contextual effects. These issues can substan-
tially distort clinical trial findings, potentially leading to inaccurate conclusions about the efficacy of interventions. The
present article provides an overview of regression to the mean and contextual effects, emphasizing their implications
for internal validity, clinical decision-making, and ethical considerations in trials. Additionally, this article highlights
key study design and analysis considerations, including methodologic and statistical approaches, that researchers
can implement to mitigate or better account for these challenges. Practical recommendations are offered to enhance
the rigor of pain assessment, with specific attention to osteoarthritis as a representative example within rheumatic dis-
ease research. By recognizing and addressing regression to the mean and contextual effects proactively, researchers
can strengthen trial outcomes, improve clinical interpretations, and support the identification of effective treatments.

Introduction

In clinical trials designed to examine treatments for people

with rheumatic diseases, pain improvement is often a key

objective. However, there are difficulties in designing and inter-

preting the results of clinical trials when pain is the study out-

come. Pain is complex and varies across individuals by

intensity, persistence, location, quality, and mechanism

(eg, nociceptive, neuropathic, nociplastic). Whereas reviews

have discussed considerations for selecting comprehensive

pain assessments, including psychosocial factors and related

impact on functioning,1,2 this article focuses on methodologic

concerns that affect pain assessment in clinical trials. In partic-

ular, we highlight two critical issues, regression to the mean

and contextual effects, both of which can significantly influence

trial outcomes. Although these issues are relevant for trials

measuring pain intensity, similar considerations may also apply

to other pain-related outcomes, such as pain interference. We

describe how regression to the mean and contextual effects

arise and outline strategies to better understand and mitigate

their impact to improve the interpretation and validity of clinical

trial findings.

Regression to the mean

Regression to the mean refers to the phenomenon in which

extreme measurements tend to be closer to the average when

measured in subsequent time points.3 Among people with

chronic pain, such as osteoarthritis (OA), these extreme baseline

ratings may reflect temporary pain exacerbation or natural day-

to-day fluctuations.3,4 As a result, even without any treatment,

follow-up pain ratings may appear improved simply because the

initial measurement captured an unusually high level of pain.

Researchers may be incorporating this bias in trials because they

often recruit people with moderate to high pain in their studies so

that there is room for participants to improve with treatment.

Additionally, potential participants may be more apt to seek out

studies when they are experiencing higher levels of pain to get

some relief. Having participants who have higher pain than the

population of people with OA may be contributing to regression
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to the mean. Current research guidelines suggest including par-
ticipants who have a pain rating of at least mild to moderate pain
(4 of 10).5,6 Although it is important for individuals to have some
level of pain to be appropriate for studies investigating pain
improvement, the higher the pain threshold for the inclusion crite-
rion, the more the results will be influenced by regression to the
mean.7 If most participants in a sample have elevated pain ratings
compared to their usual pain, there will be an effect of regression
to the mean that is not a true treatment effect.8 Treatment effects
may especially be overestimated due to regression to the mean
for within-group comparisons or in one-arm trials. This biased
treatment effect is due to the natural improvement in a placebo
arm that is not accounted for when only one group’s data are
being analyzed.3 In these cases, the minimal clinically important
difference (MCID) should be interpreted cautiously.3

There are several strategies that can help reduce the effect of
regression to the mean (see Table 1). These strategies can be
implemented during both the design and analysis phases to
improve the validity and interpretability of study findings.

During the designing phase, researchers can consider incor-
porating a run-in period with multiple baseline measurements to
reduce variability due to short-term fluctuations in pain.9 This
approach helps to ensure more stable baseline estimates and to
minimize the likelihood that participants are enrolled during a tem-
porary pain flare, which could otherwise result in exaggerated
improvements due to regression to the mean. In addition to a
run-in period, researchers can consider including a coprimary
outcome measure that is less susceptible to short-term
changes.10 Using multiple outcome metrics, such as combining

pain intensity ratings with patient global impression of change11

or physical function,12 provides a more robust assessment of
treatment effects and can help verify whether observed changes
are consistent or are likely driven by regression to the mean.
Regression to the mean seems to be most pronounced for pain
intensity, particularly when participants are selected based on
moderate to high pain levels, and evidence suggests that other
patient-reported outcomes such as physical function and quality
of life may be less susceptible to this effect. For example, Englund
and Turkiewicz found that the degree of regression to the mean
was relatively small for physical function and quality of life com-
pared to knee pain intensity, likely because trial enrollment typi-
cally conditions on pain rather than function or quality-of-life
scores.13 Incorporating a broader range of outcomes may there-
fore help reduce overinterpretation of changes driven by statistical
artifacts. Researchers may also consider incorporating a control
group, which is one of the most effective ways to address regres-
sion to the mean. By randomizing participants into both interven-
tion and control arms, the effects of regression are distributed
across groups, making it easier to isolate true treatment effects.8

For studies that use a threshold-based enrollment criterion, such
as including only participants with moderate to high baseline pain
levels, researchers can consider a regression-discontinuity
design.14 This design compares outcomes for participants just
above and below the eligibility cutoff, helping to distinguish inter-
vention effects from regression to the mean.

Design strategies that account for individual variability and
extreme baseline scores are also important. Researchers can
consider using a crossover design,15 in which each participant

Table 1. Considerations for RTM in studies and potential strategies*

Design/analysis Potential issues Strategies

Design phase
Moderate to high pain required for study
enrollment

Inflates RTM effects Use run-in periods at baseline to reduce
measurement variance/error9

Including other coprimary outcome measures10

(eg, patient global impression of change11 or
physical function12)

Conducted a one-arm trial Overestimates treatment effects Conduct a randomized trial with a control group
to examine natural course of pain over time8

Threshold-based enrollment RTM amplified at cutoff points Use a regression-discontinuity design to compare
outcomes for participants just above/below
cutoff14

Inability to control individual variability RTM distorts within-subject changes Use crossover designs so participants serve as
their own controls15

Consider stratified controls to balance baseline
pain across arms16

Analysis phase
No analyses to examine RTM Misinterprets study findings Plot change scores to visually examine the effect

of RTM17

Use ANCOVA to control for individual baseline
measure8

Limited control for extreme baselines Exaggerated treatment effects Apply statistical correction formulas using test-
retest correlations18

Use Bayesian hierarchical modeling to shrink
extreme baselines19,20,21

* ANCOVA, analysis of covariance; RTM, regression to the mean.
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receives both the intervention and control conditions in separate
study periods, with a washout period in between. This within-
subject design allows participants to serve as their own controls,
eliminating between-subject variability and minimizing the influ-
ence of regression to the mean, which is expected to occur simi-
larly across both conditions. However, if a participant begins the
first study period during a pain flare, the change observed during
that period may be more pronounced than that in the second
period. This may introduce bias into treatment comparisons. To
address this, researchers may consider including repeated pre-
treatment assessments to better characterize initial symptom
levels. Still, crossover designs may not always be feasible, partic-
ularly in studies of chronic conditions in which the intervention has
a lasting effect or washout periods are impractical. In such cases,
researchers can consider using stratified randomization.16 Stratifi-
cation involves grouping participants into subgroups (strata)
based on baseline variables before randomization, ensuring that
the distribution of baseline scores is balanced across study arms.
In addition to improving balance at baseline, stratification also
allows for data to be analyzed within each stratum and then com-
bined to estimate an overall treatment effect. However, this
approach requires a sufficient sample size within each stratum to
ensure more accurate estimates and maintain statistical power,
which may be challenging in studies with small samples. When
feasible, stratified randomization helps control for baseline imbal-
ances and reduce the distortion of treatment effects that can
result from regression to the mean.

In the analysis phase, several statistical approaches can be
used to detect or adjust for the effects of regression to the mean.
A simple yet informative method is to examine individual or group-
level change scores by plotting pre- and postintervention data.17

Visual inspection of scatter plots or line graphs displaying baseline
versus follow-up pain intensity ratings can help identify whether
improvements are more likely due to natural fluctuations rather
than true treatment effects, particularly when participants begin
with extreme baseline values. Including these plots provides
readers with tangible examples to facilitate understanding and
interpretation of potential regression to the mean. A more formal
method is to use analysis of covariance (ANCOVA), which
includes baseline values as covariates in the model.8 This
approach statistically adjusts for initial score differences between
groups and provides a more accurate estimate of the treatment
effect by controlling for baseline variability. ANCOVA is especially
useful in randomized controlled trials in which some residual
imbalance in baseline values may still occur despite randomiza-
tion. Researchers may also consider applying statistical correc-
tion formulas that adjust for the test-retest reliability of the
outcome measure.18 These formulas estimate the amount of
change that could be expected due to regression to the mean
alone, based on the stability of the measure over time. Incorporat-
ing such corrections can help differentiate treatment effects from
statistical artifacts and improve the interpretability of study results.

Finally, to address the influence of extreme baseline values more
robustly, researchers can consider using Bayesian hierarchical
modeling.19 This analytic technique models individual-level out-
comes as drawn from a broader population distribution and
applies a shrinkage effect, pulling extreme values toward the
group mean. By reducing the weight of outlier scores, especially
those that may be disproportionately affected by regression to
the mean, Bayesian hierarchical models provide more stable and
reliable estimates of treatment effects. This method is particularly
advantageous in studies with small sample sizes or high variability
at baseline, in which the risk of regression effects is greater.20,21

Contextual effects

Beyond the direct effects of the intervention itself, patient
outcomes are profoundly influenced by contextual effects, non-
specific elements inherent in the clinical or research setting.22–25

These contextual effects, which comprise patient and clinician
characteristics, along with psychosocial and environmental fac-
tors, can alter the experiences of individuals with OA beyond spe-
cific treatment.26 They arise from multiple dimensions of the
therapeutic encounter, including patient beliefs and expectations,
clinician behaviors (eg empathy, communication style),27 patient–
therapist relationship and/or interactions (eg, trust, nonverbal
cues),28 and the treatment setting.29 For example, patients may
report lower pain scores not because of physiologic improvement
but because they trust their clinician, feel supported, or interact
with clinicians who express optimism about treatment. Research
shows these contextual factors, such as provider’s warmth,
empathy, and communication style, can significantly influence
reported pain outcomes in OA.30,31 Collectively, these contextual
factors can substantially influence treatment outcomes.26,32–34

These contextual factors are also important to consider
because they trigger psycho-neurobiologic responses within the
patient,25,27 actively modulating pain perception and leading to
changes at neurobiologic, perceptual, and cognitive levels.25 Nota-
bly, placebo responses can sometimes exceed the effect size of
active treatment, highlighting the substantial influence of contextual
effects.24 Furthermore, contextual effects are not uniformly tran-
sient or predictable. Previtali et al found that placebo responses to
injections in OA could persist long term and vary across outcome
measures, challenging the assumption that these effects are short
lived or homogeneous.35 Positive contexts (eg, supportive clinician
interactions) can enhance placebo effects, improving pain relief,
whereas negative contexts (eg, distrust or pessimism) may induce
nocebo effects, worsening symptoms.25

Understanding how contextual effects impact pain percep-
tion is crucial for accurately interpreting interventions and optimiz-
ing clinical care in OA and other rheumatic diseases.25,36,37 In
randomized controlled trials (RCTs), the primary goal has tradi-
tionally been to isolate and quantify the treatment efficacy. This is
typically done by comparing the outcomes in an active
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intervention group to those in a placebo or sham control group.
The placebo arm is intended to capture nonspecific effects, allow-
ing researchers to subtract them and determine the effect solely
attributable to the active intervention. However, recent research
has highlighted that contextual effects present in both the active
treatment arm and placebo or sham arm contribute significantly
to the observed outcomes in RCTs.38 Studies on nonpharmaco-
logical interventions, such as exercise and acupuncture, indicate
that contextual effects, including placebo effects and natural
symptom fluctuations, play a dominant role in perceived pain relief
in patients with knee OA.26 A meta-analysis of OA RCTs found
that, on average, 75% of the observed pain reduction was attrib-
utable to the contextual effects.39 The proportion attributable to
contextual effect (PCE) can vary depending on the specific treat-
ment. For instance, in OA pain reduction, PCE ranged from 47%
for intra-articular glucocorticoids to 91% for joint lavage.39

The high proportion of benefit attributable to context gives
rise to what is known as the “efficacy paradox.” Although RCTs
are designed to isolate and test specific treatment effects (which
are often modest or below clinically meaningful thresholds), real-
world clinical outcomes reflect the combined impact of specific
and contextual effects.40 Because contextual effects are always
present in clinical encounters and can contribute substantially to
the overall response,32 a treatment with a small specific effect might
still be perceived as clinically beneficial by patients and clini-
cians.39,41 For example, Saueressig et al note that the estimated
contextual effect for pain intensity is 5.3 on a 0- to 100-point visual
analog scale, which makes up more than 25% of the typical MCID
for pain (20 points) and 30% to 40% of the effect of commonly

recommended treatments such as exercise, psychosocial interven-
tions, and multidisciplinary management.42 This highlights that the
context is a sizable component that should not be disregarded.

The efficacy paradox complicates the interpretation of RCT
results. A statistically significant difference between an active
treatment and a placebo may reflect only a small specific effect,
overshadowed by a large contextual effect present in both
groups. Conversely, the absence of a significant difference does
not necessarily mean that the total treatment package (compris-
ing both the specific and contextual effects) is ineffective in clinical
practice. Thus, focusing solely on the specific effect measured by
the difference between active and placebo arms can obscure the
substantial benefits that patients may derive from the contextual
aspects of care.39,40 Although enhancing contextual factors has
been proposed as a cost-effective strategy to improve outcomes,
one meta-analysis suggested that intentionally boosting contex-
tual effects alone in nonpharmacological treatments may offer lim-
ited additional clinical benefit.42 Nevertheless, this does not
diminish the essential role contextual factors play in standard
care. Contextual effects should be viewed as an integral compo-
nent of treatment outcomes, not merely as confounding elements
to be minimized or subtracted.43

To better interpret treatment effects in pain studies for OA
and other rheumatic diseases, researchers must actively account
for contextual effects. If unaddressed, contextual effects can bias
estimates of treatment efficacy and lead to misleading
conclusions. A comprehensive strategy to reduce and interpret
contextual effects should involve both study design and measure-
ment and analytic approach (see Table 2).

Table 2. Considerations for contextual effects and potential strategies*

Design/analysis Potential issues Strategies

Design phase
One-arm or two-arm RCT
(active vs placebo)

Difficult to isolate contextual effects from
treatment effects

Use three-arm RCT to add untreated control to quantify
contextual effects (placebo vs untreated)44

Use cluster randomization to control for provider-level biases45

Unstandardized patient
interactions

Variability in placebo/nocebo responses
due to uncontrolled expectations

Use standardized scripts to balance explanations of benefits/
risks to minimize bias22

Include active placebos to mimic side effects48

Use placebo run-in phase to exclude high responders49

Clinician/interventionist
variability (eg, empathy,
communication)

Placebo effects or nocebo effects from
positive or negative interactions

Use blinded outcome assessment (independent evaluators)50

Have standardized protocol and treatment environment51

Inability to disentangle
expectancy vs treatment

Biased efficacy estimates Use balanced placebo designs/open-hidden paradigms52

Use crossover/randomized withdrawal designs54

No qualitative data Missed insights into patient experiences Include qualitative data to explain quantitative results55,56

Measurement and analysis
approach

Lack of psychosocial
measures

Confounding by unmeasured mood/
stress/social support

Use expectation rating scales (eg, Credibility/Expectancy
Questionnaire)57

Include validated scales (eg, PROMIS depression, PROMIS
anxiety, social support) as covariates/mediators36,59

Ignoring proportional
contextual effect

Overemphasis on specific effects,
undervaluing contextual benefits

Report proportional contextual effect alongside specific/overall
effects39,40

* PROMIS, Patient-Reported Outcomes Measurement Information System; RCT, randomized controlled trial.
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A core design recommendation is the use of a three-arm
RCT design that includes an active intervention group, a placebo
or sham group, and a nontreated control group.44 This design
allows researchers to estimate the contextual effects by compar-
ing outcomes between the placebo and untreated groups while
isolating the specific treatment effect through comparison of the
active and placebo groups.29 This structure also helps adjust for
symptom fluctuations and regression to the mean. To further con-
trol for provider-related contextual effects, researchers can imple-
ment cluster randomization,45 in which participants are assigned
by treatment provider. This approach reduces variability caused
by individual differences in clinician behavior or communication.
However, when there are a small number of clusters or systematic
differences in provider characteristics across study arms (eg, if
providers in one arm tend to have better communication skills),
cluster randomization may actually increase the risk of biased
contextual effects. There are other trade-offs to cluster randomi-
zation that have been outlined in several reviews.45–47

Additionally, standardizing participant–provider interactions
is also critical in reducing contextual effects. Researchers and
research personnel should use scripts that provide a consistent
explanation of potential treatment benefits and risks. This helps
ensure that expectations are managed similarly across study
arms. Training health care providers to create a positive therapeu-
tic environment and manage patient expectations can harness
the beneficial components of contextual effects while minimizing
their confounding influence on the measured efficacy of active
treatment.22 This approach not only improves clinical outcomes
but also aligns with a more holistic understanding of pain man-
agement.23 Maintaining blinding of those delivering the interven-
tion is another crucial strategy. The use of active placebos that
mimic side effects of the intervention can equalize perceived cred-
ibility of treatment arms.48 Researchers may also consider a pla-
cebo run-in phase,49 which allows for identification and
exclusion of individuals who show strong placebo responses
before randomization, thereby enhancing the precision of treat-
ment effect estimates.

To reduce bias in outcome measurement, clinical trials
should use independent evaluators who are blinded to partici-
pants’ treatment assignments.50 Blinding helps make sure that
assessments are not influenced by conscious or unconscious
expectations about the efficacy of the intervention. This is especially
important in trials involving subjective outcomes, such as self-
reported pain, in which evaluator interactions or assumptions could
unintentionally shape the data collection process. In addition to
blinding, maintaining a standardized treatment environment across
all study arms is critical.51 This includes using consistent physical
settings, materials, schedules, and procedures so that participants
across groups are exposed to similar contextual cues. Standardi-
zation helps prevent differences in the care environment from con-
tributing to variability in outcomes, allowing for a more accurate
estimation of the treatment’s true effect.

For trials specifically aiming to disentangle the effects of
patient expectations from the active components of treatment,
researchers can use advanced experimental designs such as bal-
anced placebo designs and open-hidden paradigms.52 These
approaches manipulate what participants are told about the treat-
ment to separate expectancy effects from the pharmacological or
procedural components. For example, in an open-hidden para-
digm, patients might receive an analgesic either openly (with full
awareness and explanation from a clinician) or hidden (adminis-
tered without their knowledge). Research using this design has
shown that the same medication can produce stronger pain relief
when patients are aware they are receiving it, compared to when
it is administered covertly, highlighting the influence of expecta-
tions on treatment response. This method has been used in both
pharmacological and nonpharmacological pain research to better
understand how much of the benefit is attributable to the treat-
ment itself versus the patient’s belief in its effectiveness.33,53 In
addition, crossover or randomized withdrawal designs can help
evaluate whether observed effects persist or reverse after the
intervention is discontinued,54 providing further insight into the
durability and origin of contextual effects.

Finally, because contextual effects often involve subjective
experiences, qualitative research is an important complement to
quantitative designs. Interviews and open-ended feedback from
participants can provide insight into how individuals perceive the
intervention and what they believe contributed to their out-
comes.55,56 By incorporating qualitative assessment into quanti-
tative studies or using mixed-methods designs, researchers can
better account for the contextual effects of pain, leading to more
accurate interpretations of treatment efficacy in pain studies.

Beyond study design, measurement and analytic strategies
also play a central role in accounting for contextual effects. One
important step is to measure patient expectations at baseline
using validated tools such as the Credibility/Expectancy Ques-
tionnaire.57 These scores can later be analyzed to determine
whether expectations mediate or moderate treatment out-
comes.58 Other psychosocial variables known to influence pain,
such as mood, anxiety, and social support, should also be sys-
tematically assessed. Validated instruments such as the Patient-
Reported Outcomes Measurement Information System depres-
sion and anxiety scales and social support measures can be
included as covariates in statistical models.36,59 Their inclusion
allows researchers to adjust for or explore the modifying effects
of these psychosocial factors on treatment outcomes. In studies
in which the goal is to examine mechanisms, causal mediation
analysis can be used to determine whether these contextual vari-
ables account for part of the observed treatment effect.36

To improve the interpretation of RCT results, researchers are
strongly encouraged to report not only the traditional specific
treatment effect (difference between active and placebo) but also
the overall treatment effect (improvement in the active group)
and the PCE.39,40 This approach provides a more complete,
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balanced, and clinically meaningful interpretation. Adhering to
reporting guidelines for contextual factors, such as the Control
Interventions in Efficacy Trials of Physical, Psychological, and
Self-Management Therapies statement,60 is also advised.32

Conclusions

In clinical trials that evaluate pain, two common sources of
issues, regression to the mean and contextual effects, can lead
to problems in misunderstanding study findings and should be
considered in research. This article emphasizes the importance
of addressing these issues during both the design and analysis
phases of pain research. Strategies such as incorporating three-
arm RCTs including run-in periods, collecting data on psychoso-
cial variables, applying appropriate statistical adjustments, and
integrating qualitative methods can strengthen the validity of
study findings. These strategies provide a more complete under-
standing of how both specific and nonspecific factors influence
outcomes, leading to more accurate and reliable conclusions. By
doing so, researchers can design trials that better reflect the com-
plexity of real-world care and contribute to the development of
more effective and meaningful interventions for patients.
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Thinking Outside the Joints: The Impact of Nonarticular Pain
on Patient-Reported Outcomes in a Prospective
Longitudinal Real-World Early Rheumatoid Arthritis Cohort

Charis F. Meng,1 Marie-France Valois,2 Yvonne C. Lee,3 Julia D. Caci,4 Gilles Boire,5 Glen Hazlewood,6

Hugues Allard-Chamard,5 Carol Hitchon,7 Bindee Kuriya,8 Carter Thorne,9 Louis Bessette,10 Janet Pope,11

Susan J. Bartlett,2 and Vivian P. Bykerk,1 on behalf of the Canadian Early Arthritis Cohort Investigators

Objective. We aimed to understand the association of nonarticular pain (NAP), regional and widespread, with
patient-reported outcomes in early rheumatoid arthritis (RA).

Methods. This real-world, multicenter study observed participants with newly diagnosed active early RA (symp-
toms <1 year; Clinical Disease Activity Index [CDAI] score >2.8) over the first year. Participants were examined by rheu-
matologists and synchronously completed body pain diagrams and Patient-Reported Outcomes Measurement
Information System 29 (PROMIS-29) measures at regular intervals. Participants were classified as follows: (1) no
NAP, (2) regional NAP, or (3) widespread NAP. Associations between repeated measures of NAP and PROMIS-29 over
the first year were estimated in separate mixed models, adjusting for sociodemographic and RA characteristics and
time-varying CDAI.

Results. These 472 participants with early RA were mostly women (66%), had a mean age of 57 (SD 14) years, and
had active disease (mean CDAI 27.0 [SD 14.1]). Over one-half (n = 246, 52%) reported NAP at baseline; of these, 72%
(176 of 246) had regional NAP, and 28% (70 of 246) had widespread NAP. Adjusted mean change in PROMIS-29
domains were significantly worse in patients with regional versus no NAP: physical function -1.4 (95% confidence
interval [CI] -2.1 to -0.7), pain interference 2.7 (95% CI 1.9–3.5), sleep disturbance 1.2 (95% CI 0.4–2.0), fatigue 2.1
(95% CI 1.2–3.1), anxiety 1.5 (95% CI 0.7–2.4), depression 1.4 (95% CI 0.5–2.2), and social participation -2.4 (95%
CI -3.3 to -1.5). Associations between widespread and no NAP were larger for pain interference (5.0 [95% CI 3.7–
6.4]), fatigue (3.2 [95% CI 1.7–4.8]), and social participation (-5.6 [95% CI -7.2 to -4.0]). Mean physical function, pain
interference, and social participation scores were well outside the normal range.

Conclusion. NAP interferes with key aspects of well-being in early RA. Individuals with NAP experience greater
pain interference and impairments in physical and social function, supporting a need for earlier identification of and
interventions targeting NAP.

INTRODUCTION

Pain is an important symptom commonly experienced by

patients with rheumatoid arthritis (RA). Patients with RA can have

pain inside the joints and outside the joints.1–5 Pain outside the

joint or nonarticular pain (NAP) is common and persists in nearly

one-third of patients with early RA, despite treatment.4 Physician

diagnoses of musculoskeletal pain, such as tendonitis, bursitis,
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and spinal conditions, have been associated with patient-

reported NAP.5 NAP, both regional and widespread, is associ-

ated with higher RA disease activity5 and negatively impacts the

ability to reach RA treatment goals.4 Despite this, NAP is fre-

quently unaddressed in RA care, and patients with RA and NAP

are more likely to seek additional treatments compared to those

with RA without NAP.5

Patients with NAP report higher mean perceived stress
scores at baseline compared to those without NAP.4 However,
little is known about how NAP in RA impacts physical
functioning, social functioning, vitality, mental health, and other
important areas of health-related quality of life (HR-QoL).6,7

Further, there is sparse literature looking at how NAP affects
these patient-reported outcomes (PROs) in RA over time.8 The
Patient-Reported Outcome Measurement Information System
29 (PROMIS-29) reliably and precisely measures core domains
of HR-QoL (physical function, pain interference, sleep prob-
lems, fatigue, anxiety and depression, and social participation)
and has been validated in people with RA.9–11 A deeper
and more holistic understanding of how NAP intersects with
these aspects of well-being could lead to more integrated care
approaches.6,7

Building on our earlier work evaluating the relationship
between NAP and achieving treatment targets,4 we aimed, in this
study, to evaluate the association of NAP, both regional and wide-
spread, with PROs across core HR-QoL domains over the first
year of RA diagnosis and treatment. We hypothesized that symp-
toms and functional impairments would worsen progressively
across groups with no NAP, regional NAP, and widespread NAP.

PATIENTS AND METHODS

Participants and setting. We analyzed data from partici-
pants enrolled in the Canadian Early Arthritis Cohort (CATCH), a
multicenter prospective cohort study of adults newly diagnosed
with RA and seen across 18 sites (rural, suburban, and urban) in
Canada (described in detail by Bykerk et al12). In brief, participants
must be at least 18 years of age, have had joint symptoms for

≥6 weeks and ≤12 months, have more than or equal to two
swollen joints or one swollen joint at the metacarpophalangeal
or proximal interphalangeal joint, and one of the following:
morning stiffness lasting >45 minutes, response to nonsteroidal
anti-inflammatory drugs, painful joints assessed by the metatar-
sophalangeal squeeze test, rheumatoid factor level >20 IU, or
anti–citrullinated protein antibody positivity. They are excluded
or withdrawn from the cohort if an alternate diagnosis, such as
psoriatic arthritis or connective tissue disease, is made. Stan-
dardized clinical assessments and PROs are collected at in-
person visits with rheumatologists every three months for the
first year during routine clinical visits. Treatment is at the discre-
tion of the treating rheumatologist and is guided by treat-
to-target recommendations13; adherence to system-level per-
formance benchmarks has been documented.14

The analytic sample included participants enrolled between
January 2017 and October 2023 who had completed an
updated, expanded suite of PRO measures at each visit, which
included a body pain diagram (BPD)15 (Supplementary Figure 1)
and PROMIS-29. We included data from participants who had
completed BPDs and PROMIS-29 measures at baseline and at
least one follow-up timepoint at 6 and/or 12 months (Supple-
mentary Figure 2). Eligibility criteria included active RA disease,
as defined by a Clinical Disease Activity Index (CDAI) score
≥2.8 at baseline and treatment with disease-modifying antirheu-
matic drugs (DMARDs), including conventional synthetic, bio-
logic, or targeted-synthetic DMARDs within three months after
study enrollment.

Written informed consent was obtained from all study partic-
ipants. Research ethics boards at all study sites approved the
study; this was renewed at every site on an annual basis. The trial
registration number is Pro00016064.

Measures. Sociodemographic variables and RA symptom
duration were provided by patients at baseline. Rheumatologists
collected information on current health status, treatment,
seropositivity, and C-reactive protein levels at baseline. Clinical
measures obtained at each visit included the physician global
assessment (MDGA) and tender and swollen joint counts. At
baseline, patients completed a visual analog scale (VAS) to
assess pain intensity. Time-varying PROs included the patient
global assessment (PtGA), a BPD, and the PROMIS-29. Partici-
pants came for their clinic visits (baseline and 3-, 6-, and
12-month visits) with their rheumatologists and completed their
study assessments synchronously at the time of their visits. They
completed a BPD15 (Supplementary Figure 1) in which they were
asked to indicate nonjoint pain on the diagram in response to
the following question: “Do you have pain in areas other than your

SIGNIFICANCE & INNOVATIONS
• Nonarticular pain (NAP) in RA increases the burden

of living throughout the first year of RA.
• NAP was associated with greater impairments in

physical, social, and emotional health in a dose–
response pattern.

• Early diagnosis and treatment of NAP may improve
well-being in patients with RA.
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joints?” Per our previous study,4 patients were classified by NAP
based on prespecified patterns of NAP (Supplementary Figure 1)
reported in four quadrants (right upper, right lower, left upper,
and left lower) and axial sections as follows: (1) none, (2) regional
NAP (defined as one to three painful sections; three sections if lim-
ited to half of body [upper half, lower half, right half, or left half]), or
(3) widespread NAP (defined as three to four painful sections
[three sections if bilateral plus above and below the waist]). Hands
and feet were excluded from these definitions because they were
considered as pain in joints.

PROMIS-29 version 1.0 was collected at each study visit. It
consisted of seven domains (physical function, pain interference,
fatigue, sleep disturbance, anxiety, depression, and social partic-
ipation [version 1.0 measures this by evaluating satisfaction with
participation in social roles]) and includes an 11-point numerical
rating scale for pain intensity.16 The PROMIS is scored on a T
score metric (mean 50, SD 10). The US population–based normal
range is 45 to 55. Worse PROMIS symptoms (pain interference,
sleep disturbance, fatigue, anxiety, and depression) are reflected
by T scores ≥55; scores between 55 and 60 are described as
“mild,” and scores from 60 to 70 are considered as “moder-
ate.”17 In contrast, impairments in physical function and social
function are characterized16 by scores <45. A change of two to
three points is generally considered to be clinically meaningful in
most domains.18,19

Statistical analysis. Descriptive univariate analysis. We
compared sociodemographic and RA clinical measures, RA treat-
ments, pain VAS scores, PtGA scores, MDGA scores, differences
between PtGA and MDGA scores, and PROMIS-29 measures
across pain groups at baseline. Descriptive statistics (mean and
SD, median and interquartile range, and frequencies) for the total
sample and groups by NAP status at baseline (no NAP, regional
NAP, and widespread NAP) were calculated.

Adjusted multivariable analysis. Adjusted mean changes
(and 95% confidence intervals [CIs]) in PROMIS domains by
group were calculated for the groups with NAP (both regional
and widespread groups) and compared to the no NAP group.
Associations between repeated NAP status and PROMIS-29
domain scores over time were estimated using separate mixed-
effects linear regression models comparing the three groups.
Mixed-effects models have the advantage of using all available
data and can account for repeated measures. Models were
adjusted for baseline age, sex, education, smoking, comorbidities
(Rheumatic Comorbidity Disease Index), seropositivity, and time-
varying CDAI. Adjusted mean PROMIS-29 scores over the first
year were also calculated.

Sensitivity analyses. Multiple sensitivity analyses were per-
formed to assess for potential confounders, such as the presence
(at baseline) of osteoarthritis, back pain or spinal conditions, and
RA treatment. We performed two sensitivity analyses adjusting
for RA treatment6,7: (1) adjusting for the use of methotrexate,

advanced therapy, and oral steroids and (2) adjusting only for oral
steroid use. To assess the potential association of disease activity
(beyond CDAI) with our results, we also adjusted our model for
C-reactive protein (CRP) level (at the same visit).

Missing data. We excluded 315 participants because of
missing data. The excluded participants, compared with those in
our sample, were (at baseline) younger (mean age 53 [SD 16] vs
57 [SD 14] years), more frequently female (71% vs 66%), less fre-
quently White (58% vs 81%), less likely to have completed post-
secondary education (44% vs 61%), and less likely to report
back pain or spinal conditions (15% vs 21%). Fewer were treated
with oral steroids in the first three months (27% vs 36%) or
treated with advanced therapy in the first nine months (7% vs
13%). Baseline RA characteristics and PROMIS-29 scores were
similar between included and excluded cohort participants. Data
analyses were conducted using SAS software, version 9.4, for
Windows.20

RESULTS

A total of 472 adults with early RA were included
(Supplementary Figure 2). Participants were mainly female (66%)
andWhite (81%), with a mean age of 57 (SD 14) years and amean
symptoms duration of 5.2 (SD 2.8) months. Seventy-two percent
were seropositive. They had active RA at baseline, with a mean
CDAI of 27.0 (SD 14.1), and most (79%) were treated with meth-
otrexate at a mean weekly dose of 20.6 (SD 4.0) mg.

Patterns associated with baseline NAP. Over one-half
of patients reported NAP at baseline (n = 226, 52%); of these with
NAP, 72% (176 of 246) had regional NAP, and 28% (70 of 246)
had widespread NAP. Figure 1 shows prevalence in the entire
analytic sample.

The widespread NAP group had a significantly higher Rheu-
matic Disease Comorbidity Index score compared to that of the
no NAP group (P < 0.01) (see Table 1). Back pain or spinal condi-
tions were more frequently reported in those with both regional
and widespread NAP versus those with no NAP (P = 0.001).
Fibromyalgia was reported more frequently in those with wide-
spread NAP versus those with no NAP (P = 0.001) but did not sig-
nificantly differ between regional and no NAP groups. Participants
with widespread NAP had higher mean CDAI scores and CRP
levels compared to the other groups, although differences did
not reach statistical significance. A significant dose–response
relationship with PROs was observed, with higher pain VAS
scores (P < 0.0001) and PtGA scores (P < 0.0001), correspond-
ing with increasing NAP distribution. The same dose–response
pattern was observed with PROMIS domains, in which symptoms
and function worsened as NAP distribution increased (P <
0.0001). Patients without NAP reported scores within normal
limits (ie, 45–55) for fatigue, anxiety, depression, sleep distur-
bance, and social participation, with mild impairments in physical
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and social function and mild pain interference (see Table 1).
Patients with regional NAP reported moderate impairments in
physical and social function and moderate pain interference,
along with mild fatigue and sleep disturbance. Widespread NAP
was associated with elevated scores in all domains, including
moderate impairments in physical and social function, moderate
pain interference, and mild fatigue and sleep disturbance. Nota-
bly, anxiety and depression were within normal limits for all except
those with widespread NAP, who reported mild symptom levels
at baseline.

Associations of NAP with symptoms and function
over the first year. In multivariable mixed-effects regression
models, compared to the no NAP group, both the regional and
widespread NAP groups reported significantly worse physical
function, pain interference, sleep disturbance, fatigue, anxiety,
depression, and social participation, with greater effects seen
with widespread pain (see Table 2). The largest mean changes
over the first year were reported by the widespread NAP group
for pain interference (5.0 [95% CI 3.7–6.4]), fatigue (3.2 [95% CI
1.7–4.8]), and social participation (-5.6 [95% CI -7.2 to -4.0]).
These changes have been identified by patients with RA as being
clinically meaningful.18,19 Mean changes over the first year for the
regional NAP group ranged from 1 to 2 points, except for social
participation (-2.4) and pain interference (2.7).

Figure 2 presents adjusted mean T scores for PROMIS-29
domains over the first year. Across all groups, greater NAP distri-
bution was associated with worse symptoms and function. All
groups reported impairments in physical and social function and

pain interference outside the normal range. The no NAP group
had scores within the normal range for all other domains, whereas
the regional NAP group reported mild fatigue, with sleep distur-
bance, anxiety, and depression within normal limits. The group
with widespread NAP reported mild fatigue, sleep disturbance,
and anxiety. Mean depression scores for all groups were within
the normal range.

Sensitivity analyses. The results of our analyses adjusting
for RA treatment in both versions (adjusting for methotrexate,
advanced therapies, and oral steroids and adjusting for oral ste-
roids only) were similar to those seen in our primary analysis
(Supplementary Table 1). Adjusting for CRP level slightly
increased the associations between NAP and PROMIS out-
comes. Results were also robust to adjusting for presence of
baseline osteoarthritis and back pain and spinal conditions
(Supplementary Table 2). All results remained statistically
significant.

DISCUSSION

This is the first prospective, longitudinal, multicenter, real-
world early RA cohort study to show that having NAP adversely
affects physical functioning, social functioning, fatigue, and other
essential aspects of well-being throughout the first year of RA. In
support of our hypothesis, we saw a dose–response relationship
between NAP and impairment in HR-QoL across seven domains
of health. Widespread NAP was associated with significantly
greater and clinically meaningful impacts on symptoms and

Figure 1. Baseline prevalence of regional and widespread NAP in early RA cohort (N = 472). Figures are illustrative examples of regional and
widespread NAP, adapted from the body pain diagram by Margolis et al.15 Prevalence is calculated for the total analytic sample (N = 472). NAP,
nonarticular pain; RA, rheumatoid arthritis.
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function, with the greatest associations observed with pain
interference, fatigue, and the ability to participate in social roles.
Significant but smaller associations were seen with regional
NAP. Further, both regional and widespread NAP were associ-
ated with impairments in multiple aspects of HR-QoL, especially
with respect to physical function, pain interference, and social
participation.

Evidence suggesting a dose–response of NAP (none,
regional, and widespread) was observed in all seven domains of
PROMIS-29. Compared to those without NAP, the regional pain
group reported somewhat worse symptoms and impairment,
and the widespread pain group reported meaningfully worse
symptoms and function. The most substantial impairments were
noted in pain interference, fatigue, and social participation. This
is important because a systematic review of early inflammatory
arthritis concluded that baseline PROs, including pain, fatigue,

and physical function (and not clinical indicators or imaging), were
the most robust predictors of disability at five years.21 Addition-
ally, patients with RA have rated fatigue as a high-priority symp-
tom that often goes unaddressed, which impacts their ability to
participate in social roles and activities.22 Hence, it is not surpris-
ing that, on average, participants with NAP reported worse pain
interference and fatigue and impairments in physical and social
function. There is growing awareness that social isolation and
loneliness are independently associated with adverse health
effects, particularly in aging adults,23 which is relevant because
our cohort primarily consisted of middle-aged women. Social par-
ticipation, a modifiable determinant of health, may help to mitigate
these risks.23 Compared with the general population, early RA is
already associated with significant impairments in physical func-
tion, social participation, and pain interference.18 Importantly,
our data suggest NAP is associated with a greater burden of living

Table 1. Baseline Characteristics across Non-Articular Pain Patterns in Early RA Cohort.

No NAP (N = 226) Regional NAP (N = 176) Widespread NAP (N=70) P valueβ

Age (year), mean (SD) 58 (14) 56 (14) 56 (14) 0.42
Female, n (%) 146 (65) 118 (67) 49 (70) 0.68
White, n (%) 174 (77) 149 (85) 57 (81) 0.34
Body Mass Index (kg/m2) mean (SD) 28.0 (6.9) 28.7 (6.9) 29.6 (7.5) 0.26
Obese, n (%)Φ 70 (33) 52 (32) 26 (39) 0.50
RDCI (0-9), mean (SD) 1.2 (1.3)a 1.4 (1.3)a,b 1.8 (1.6)b <0.01
Current smoker, n(%) 29 (13) 27 (15) 14 (20) 0.33
Postsecondary education, n (%) 130 (58) 118 (67) 42 (60) 0.27
Fibromyalgia*, n (%) 2 (1)a 4 (2)a 7 (10)b 0.001
Osteoarthritis*, n (%) 68 (30) 46 (26) 20 (29) 0.68
Back/spine condition*, n (%) 33 (15)a 45 (26)b 23 (33)b 0.001
RA symptom duration (months), mean (SD) 5.2 (2.8) 5.3 (2.9) 5.1 (2.5) 0.94
Seropositivity (RF/anti-CCP), n (%)Φ 169 (78)a 109 (65)b 46 (71)a,b 0.02
CDAI, mean (SD) 26.6 (14.9) 26.4 (12.8) 29.4 (14.5) 0.29
Tender joint count (TJC)28, median (IQR) 7 (3, 12) 8 (4, 12) 9 (4, 13) 0.48
Swollen joint count (SJC)28, median (IQR) 7 (3, 11) 7 (3, 11) 7 (3.5, 10.5) 0.62
TJSD (TJC-SJC), mean (SD) 0.7 (4.8) 1.1 (4.6) 1.7 (5.0) 0.30
C-reactive protein (mg/L), median (IQR) 7.0 (3.0, 19.5) 5.8 (2.5, 15.5) 8.5 (1.9, 22.4) 0.16
Treatment▵

Oral Steroids, n (%) 82 (36) 55 (31) 21 (30) 0.46
Methotrexate, n (%) 177 (78) 137 (78) 58 (83) 0.66
Methotrexate dose (mg/week), mean (SD) 20.1 (4.2) 21.2 (3.7) 20.9 (3.9) 0.05
Advanced therapies¥ (first 9 months), n (%) 26 (12) 21 (12) 15 (21) 0.08

Pain Visual Analog Scale (0-10), mean (SD) 4.8 (3.0)a 6.1 (2.5)b 7.0 (2.4)c <0.0001
Patient global assessment (PtGA), mean (SD) 4.1 (2.8)a 5.2 (2.6)b 6.1 (2.5)c <0.0001
Physician global assessment (MDGA), mean (SD) 5.6 (2.6) 5.3 (2.3) 5.6 (2.2) 0.44
Difference PTGA-MDGA, mean (SD) −1.5 (3.4)a -0.1 (3.2)b 0.5 (3.0)b <0.0001
PROMIS29 T-scores, mean (SD)
Physical function 42.4 (8.3)a 39.9 (6.9)b 38.1 (8.2)b <0.0001
Pain interference 58.2 (8.8)a 61.8 (7.0)b 64.4 (8.7)b <0.0001
Sleep disturbance 51.7 (8.5)a 55.0 (8.7)b 56.7 (7.4)b <0.0001
Fatigue 51.4 (10.4)a 55.6 (9.6)b 58.4 (10.7)b <0.0001
Anxiety 50.8 (9.7)a 53.8 (9.6)b 56.2 (11.0)b <0.0001
Depression 49.6 (9.5)a 52.6 (9.2)b 56.0 (11.1)c <0.0001
Social participation 45.9 (9.9)a 42.2 (9.0)b 37.8 (9.1)c <0.0001

% of non-missing; *Reported by MD or patient; ▵ Treatment at baseline unless otherwise indicated. ¥Refers to TNF-inhibitors, biosimilars (both
TNF and non-TNF inhibitors), non-TNF-inhibitor biologic DMARDs and Janus kinase inhibitors. RDCI Rheumatic Disease Comorbidity Index; CDAI
Clinical Disease Activity Index; csDMARD conventional synthetic disease modifying anti-rheumatic drug.
β P value for overall difference from an ANOVA model for continuous variables and from a chi-square test for categorical variables or Fisher's
exact test in case of categorical variables with cells smaller than 5. Differing subscripts indicate significantly different values (P < 0.05).
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with RA. These findings support the importance of early identifica-
tion of NAP and targeted interventions to treat NAP. This may help
patients remain more fully able to engage in activities and roles
that improve overall quality of life.

Chronic pain and fatigue are often viewed as hallmarks of
fibromyalgia. However, fibromyalgia is also associated with a
higher likelihood of mood disorders and other symptoms.24 We
found that anxiety and depression scores were only slightly higher
in those with NAP and generally within normal limits. A potential
explanation for this could be that our definition of widespread
NAP had a minimum of three sections in an extensive distribution
on the BPD. The rationale behind our decision was based on data
showing that patients with three sections share clinical features
more closely resembling those of patients with four sections than
those of patients with one or two sections.4 Thus, using our wide-
spread NAP group, we included participants with less extensive
pain distribution compared to those meeting more extensive dis-
tribution criteria used by other investigators. Taken together,
these findings lend support to the notion that although NAP may
share some overlap with symptoms of fibromyalgia, an important

characteristic of NAP as defined in this cohort may be the eleva-
tion of pain, fatigue, and functional limitations in the absence of
an affective component. These observations may be considered
in the clinic and could help increase clinician awareness of NAP
in patients with RA.

Our primary analysis did not include adjusting for RA treat-
ment for the sake of parsimony and because RA therapies have
not yet been proven to affect the classification of NAP. Further,
our sensitivity analysis showed that adjusting for treatment did
not change our results. We have previously shown that NAP is
associated with disease activity as assessed by CDAI.5 Our goal
for the current study was to evaluate the impact of NAP when dis-
sociated from disease activity. Even after adjustment for CDAI,
our results showed an impact of NAP on PROs. There could be
several explanations for why the magnitude of the association
was reduced when adjusted for CDAI. Disease activity could con-
tribute to the impact of NAP on PROs. Another explanation is that
NAP may be driving components of CDAI (such as the PtGA)
higher. If this is the case, adjusting for CDAI may underestimate
the true magnitude of associations of NAP and PROs. A study

Table 2. Multivariate mixed-effects regression analysis showing associations of NAP with mean changes in
PROMIS-29 T scores and mean T scores in early RA cohort*

PROMIS-29 outcomes Mean changea 95% CI T scoreb 95% CI

Physical function (baseline average of 40.8)
No NAP Reference group – 40.8 –

Regional NAP −1.4 −2.1 to −0.7 39.4 38.7 to 40.1
Widespread NAP −3.0 −4.2 to −1.8 37.8 36.6 to 39.0

Pain interference (baseline average of 60.4)
No NAP Reference group – 60.4 –

Regional NAP 2.7 1.9 to 3.5 63.1 62.3 to 63.9
Widespread NAP 5.0 3.7 to 6.4 65.4 64.1 to 66.8

Sleep disturbance (baseline average of 53.7)
No NAP Reference group – 53.7 –

Regional NAP 1.2 0.4 to 2.0 54.9 54.1 to 55.7
Widespread NAP 2.7 1.3 to 4.1 56.4 55.0 to 57.8

Fatigue (baseline average of 54.0)
No NAP Reference group – 54.0 –

Regional NAP 2.1 1.2 to 3.1 56.1 55.2 to 57.1
Widespread NAP 3.2 1.7 to 4.8 57.2 55.7 to 58.8

Anxiety (baseline average of 52.7)
No NAP Reference group – 52.7 –

Regional NAP 1.5 0.7 to 2.4 54.2 53.4 to 55.1
Widespread NAP 2.7 1.2 to 4.2 55.4 53.9 to 56.9

Depression (baseline average of 51.7)
No NAP Reference group – 51.7 –

Regional NAP 1.4 0.5 to 2.2 53.1 52.2 to 53.9
Widespread NAP 3.0 1.5 to 4.4 54.7 53.2 to 56.1

Social participation (baseline average of 43.3)
No NAP Reference group – 43.3 –

Regional NAP −2.4 −3.3 to −1.5 40.9 40.0 to 41.8
Widespread NAP −5.6 −7.2 to −4.0 37.7 36.1 to 39.3

* Fully adjusted multivariate mixed-effects models adjusted for time and baseline variables of age, sex, education,
current smoker, Rheumatic Disease Comorbidity Index, seropositive status, and time-variant Clinical Disease Activ-
ity Index (at same visit as outcome). CI, confidence interval; NAP, nonarticular pain; PROMIS-29, Patient-Reported
Outcomes Measurement Information System 29; RA, rheumatoid arthritis.
a Change in T scores averaged over time.
b T score from baseline average T score + NAP change over first year of follow-up.
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looking at these questions is currently underway. Interestingly,
adjusting for CRP level increased the association of NAP with
PROMIS measures. It is possible that in the absence of measured
systemic inflammation, NAP has a greater effect on PROs.

Our results are consistent with prior studies. A cross-
sectional study of 38 patients with RA reported that those who
reported a higher number of painful body sites were found to have
greater activity limitations, more severe sleep disturbances, and
higher pain intensity.25 A longitudinal study of patients with early
RA showed that those with widespread nonjoint pain had worse
HR-QoL, as assessed by the 36-item Short Form Health Survey
at the three-year follow-up.8 Both studies focused on widespread
NAP. Our report extends their findings by including an evaluation
of both regional and widespread NAP. Compared to widespread
pain, regional NAP was more common, and we have shown pre-
viously that it is also more likely to persist or worsen in the first year
of RA.4

Strengths of our study include its longitudinal design, early
diagnosis, and treat-to-target paradigm of management in a large
well-defined cohort of participants with early RA seen in routine

care. This supports the external validity of our findings to
many patients with RA. PROMIS-29 has been shown to be more
reliable, precise, and responsive than previous HR-QoL mea-
sures.9,11 Additional strengths of our study include the consider-
ation of the effect of multiple confounders tested in several
sensitivity analyses and adjusting for potential confounders in
our models. These results remained similar to those seen in our
primary analysis. Mixed-effects modeling allowed us to use avail-
able data from all patients at all time points.

Our study has limitations. This study is observational, and our
results are subject to residual unmeasured confounding. Most of
our participants were White. Our study’s large sample size and
multicenter design included urban, suburban, and rural sites
across Canada, where patients have similar access to care. We
did not adjust for a fibromyalgia diagnosis given the high correla-
tion between fibromyalgia and NAP24 and the low (3%) baseline
prevalence of fibromyalgia. The presence of fibromyalgia, osteo-
arthritis, and back pain or spinal conditions was reported either
by the patients, doctors, or both and may have been underre-
ported. There is potential for multiple comparisons bias. We

Figure 2. The association of NAP and mean T scores for PROMIS29 symptoms and function from adjusted mixed-effects regression analysis. T
score is calculated from the baseline average T score + the adjusted mixed-effects regression coefficient for NAP, with all other covariates in the
model remaining the same. Normal range of T scores (45–55) is indicated by the light green shaded area. NAP, nonarticular pain; PROMIS29,
Patient-Reported Outcomes Measurement Information System 29.
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chose not to correct for multiple comparisons given that this is an
exploratory study. Our study overlapped with the COVID-19 pan-
demic, which limited some in-person assessments for CATCH at
a time when the BPD was added to our suite of assessments.
However, all our study sites experienced the same constraints.
Although this may have decreased the precision of our results, it
is unlikely to have introduced bias. Excluded participants were
less likely to report back pain or spinal conditions, which may
have affected our study estimates. However, our sensitivity analy-
ses adjusting for presence of back pain or spinal conditions
showed similar results to those of our primary analysis. Excluded
participants and included participants had similar baseline PRO-
MIS scores. PROMIS measures capture an assessment of pain
over the past seven days and therefore may not reflect important
fluctuations that occur between assessment points.

In conclusion, pain outside the joints is associated with
greater pain and fatigue and greater impairments in physical and
social function. NAP may also occur with mild or absent mood
symptoms. Our findings can help increase clinician awareness of
NAP in patients with RA. Early recognition may enable opportuni-
ties to provide appropriate treatment in addition to DMARD ther-
apy (eg, mobilization, glucocorticoid injections, sleep hygiene,
and pain management). More work is needed to validate the use
of BPDs in patients with RA, and further investigation of the
potential mechanisms underlying NAP is warranted. This should
be followed by interventional studies that can be readily imple-
mented in clinical care to target NAP before it becomes chronic
and affects overall disease status and patient quality of life.
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Association Between Discordance of Disease Activity Indices
and Quantitative Sensory Testing Measures of Nociplastic
Pain in Patients With Rheumatoid Arthritis

Clarice P. Lin,1 Burcu Aydemir,1 Jing Song,1 Lutfiyya N. Muhammad,1 Tuhina Neogi,2 Wendy Marder,3

Clifton O. Bingham,4 Marcy B. Bolster,5 Daniel J. Clauw,3 Dorothy D. Dunlop,1 and Yvonne C. Lee1

Objective. This study investigates the association between discordance in commonly collected clinical indicators
of rheumatoid arthritis (RA) disease activity and abnormalities in quantitative sensory testing (QST) observed in individ-
uals with nociplastic pain. The goal is to identify low-burden methods of assessing nociplastic pain in rheumatology
practice.

Methods. Data from 225 patients with active RA were included for cross-sectional analyses. Measures of dis-
cordance in disease activity were as follows: (1) tender–swollen joint count difference (TSJD), (2) proportion of sub-
jective components to the total Disease Activity Score in 28 joints (DAS28-P), and (3) patient global assessment of
disease activity minus evaluator global assessment of Disease Activity (PtGA − EGA). QST measures were pres-
sure pain thresholds (PPTs) at the trapezius, temporal summation (TS), and conditioned pain modulation. We eval-
uated associations between measures of discordance and QST using unadjusted and multivariable linear
regression models.

Results. The mean TSJD was 5.4 (SD ±8.2), and the mean DAS28-P was 49.7% (SD ±13.3%). The mean
PtGA − EGA was 0.7 (SD ±2.2). Higher TSJD was associated with lower trapezius PPT (β = −0.05; 95% confidence
interval [CI] −0.08 to −0.02) and higher TS (β = 0.29; 95%CI 0.05 to 0.53). Higher DAS28-P was associated with a lower
trapezius PPT (β = −0.05; 95% CI −0.07 to −0.04) and higher TS (β = 0.21; 95% CI 0.06 to 0.35). PtGA − EGA was not
associated with any QST measures.

Conclusion. Two of our proposedmeasures of discordance (higher TSJD and DAS28-P) were modestly associated
with worse QST measures of nociplastic pain (lower trapezius PPT and higher TS), suggesting that discordance
between patient-reported and physician-assessed measures of disease activity may reflect an element of
nociplastic pain.

INTRODUCTION

Pain is a predominant symptom of rheumatoid arthritis (RA),

with over 71% of patients citing pain as a priority in their care.1

Patients with RA may experience nociceptive pain due to active

joint inflammation; however, they may also experience other types

of pain, which can prove challenging for rheumatology providers

to assess and treat.

Abnormalities in central nervous system pain processing

pathways can lead to nociplastic pain, which refers to pain that

is not related to tissue lesion or disease or injury.2 Nociplastic pain

is generally suspected in patients with RA who have pain, despite

normalization of markers of inflammation and reduced swollen

joint counts.3 Structural damage to joints may also contribute to

elevated RA indices.4 Noninflammatory pain may lead to elevated

assessments of RA disease activity, result in overtreatment, and
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be associated with poor clinical outcomes.5 To develop more

effective pain management strategies, a deeper comprehension

is required to understand noninflammatory pain in patients

with RA.
In research settings, quantitative sensory testing (QST) is a

method used to assess alterations in nociceptive signaling, which
may reflect nociplastic pain.6 QST uses different experimental
stimuli to elicit and quantitatively measure responses to painful
and nonpainful stimuli. QST measures include pressure pain
thresholds (PPTs) at the trapezius, temporal summation (TS),
and conditioned pain modulation (CPM). Despite their use in
research settings, QST measures are challenging to implement
in the clinical environment, given the need for rigorous training,
time, and controlled settings. These measures have historically
been considered the gold standard for diagnosing central sensiti-
zation and then nociplastic pain, although these measures are
only abnormal in a subset of individuals with conditions such as
fibromyalgia.7–9

Previous studies have proposed several measures of discor-
dance between patient-reported and physician-assessed mea-
sures of disease activity as potential ways to identify patients
with RA and fibromyalgia, the prototypical nociplastic pain condi-
tion. Pollard et al found that patients with RA and concomitant
fibromyalgia had a significantly larger tender–swollen joint count
difference (TSJD) on the standardized 28-joint examination, com-
pared to those with RA but no fibromyalgia.10 McWilliams et al
demonstrated that a high proportion of subjective components
to the total Disease Activity Score in 28 joints (DAS28-P), sug-
gests higher levels of nociplastic pain, whereas Salaffi et al sug-
gested that the DAS28-P showed good discriminatory power in
distinguishing patients with RA who have fibromyalgia from those
without fibromyalgia.11,12 Studenic et al showed that around 80%
of the patient global assessment of disease activity (PtGA) is
explained by pain, whereas the swollen joint count explained the
majority of the evaluator global assessment of disease activity

(EGA), thereby suggesting PtGA − EGA as a potential measure
for identifying discrepancies between pain and inflammation.13

There is a critical need to measure and detect nociplastic
pain in patients with RA to decrease pain burden and improve
treatment, but there is currently no low-burden tool used in clinical
practice. The components of TSJD, DAS28-P, and PtGA − EGA
are already routinely assessed in clinical practice; however, their
associations with research-based assessments of pain sensitiza-
tion that may reflect nociplastic pain in patients with RA are
unknown. The purpose of this study was to evaluate the relation-
ship between QST measures of pain sensitization with clinical
measures of disease discordance. We hypothesized that larger
discordance in disease activity measures would be associated
with greater evidence of nociplastic pain, defined by lower PPT,
higher TS, and lower CPM. If these measures were associated,
rheumatology health care providers might be able to incorporate
these assessments into their workflow, leading to a better under-
standing of the impact of nociplastic pain on patients’ experience
of disease and, ultimately, improved health outcomes.

PATIENTS AND METHODS

Study population. The Central Pain in Rheumatoid Arthri-
tis (CPIRA) study is a prospective, observational cohort study
conducted at five academic medical centers, including Brigham
and Women’s Hospital, Massachusetts General Hospital, Univer-
sity of Michigan Medical Center, Johns Hopkins University, and
Boston University School of Medicine.14,15 Participants were
recruited between 2014 and 2017. Enrollment criteria included
the following: (1) aged ≥18 years old, (2) meets American College
of Rheumatology (ACR)/EULAR 2010 criteria for RA,16 and (3)
started on disease-modifying antirheumatic drugs (DMARDs) or
switched DMARDs because of lack of efficacy.17 Participants tak-
ing centrally acting pain medications were required to be taking
stable doses for at least three months before study entry and
expected to be taking stable doses for the duration of the study.
Patients with known peripheral neuropathy were excluded. Insti-
tutional review board approval was obtained at each institution,
and all participants provided written informed consent. For the
purposes of this specific study, we included 225 participants with
complete baseline data in outcome and covariates for cross-
sectional data analysis.

Clinical assessments and patient-reported outcomes.
Study participants also underwent a standardized assessment of
tenderness and swelling at 28 joints by trained assessors. Blood
was drawn to assess C-reactive protein (CRP) level, a measure
of inflammation. The DAS28 was calculated using the tender
joint count, swollen joint count, PtGA, and CRP level.11 The Clin-
ical Disease Activity Index was calculated by adding the
28-tender joint count, 28-swollen joint count, PtGA, and
EGA.18 Smoking status was obtained via self-report

SIGNIFICANCE & INNOVATIONS
• This study analyzed possible associations between

discordance in commonly collected clinical indica-
tors of rheumatoid arthritis (RA) disease activity
and abnormalities in quantitative sensory testing
(QST) observed in individuals with nociplastic pain.

• Modest associations between tender–swollen joint
count difference (TSJD), the proportion of subjective
components to the total Disease Activity Score in 28
joints (DAS28-P), and QST measures suggest that
TSJD and DAS28-P could provide information on
the presence of nociplastic pain in patients with RA.

• We favor TSJD over DAS28-P in clinical practice for
identifying these patients, given its practicality in
application.
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questionnaires administered during clinical visits. Current pain
intensity was assessed using a 0-to-10 numerical rating scale.
Patients also completed the Patient-Reported Outcomes Mea-
surement Information System (PROMIS) computerized adaptive
tests to assess pain interference, depression, and sleep distur-
bance.5,19–21 Fibromyalgia was defined according to the ACR 2016
revised fibromyalgia diagnostic criteria.22

QST. QST measures included PPT at the trapezius, TS, and
CPM. A brief description of each measure is provided in the fol-
lowing sections. Detailed descriptions have been published
previously.23

PPT at the trapezius. PPTs at the trapezius (a site distant
from inflamed joints) reflect overall pain sensitivity. Decreased
PPTs at nonarticular sites are thought to be indicative of nocicep-
tive disruption and pain sensitization.24 A pressure algometer
(Wagner Force 10 FDX) was used to assess PPTs at the center
of the trapezius muscle. Pressure was gradually increased until
patients indicated that the stimulus was first perceived as painful.
Possible PPT values ranged from 0 to 11 kilogram-force (kgf).
Lower values indicate greater pain sensitivity.

TS of the forearm. TS is considered a measure of ascend-
ing pain facilitation; a high TS is thought to reflect increased
responsiveness of the dorsal horn neurons to peripheral stimu-
lation, which is suggestive of nociplastic pain.25,26 TS was eval-
uated by tapping a calibrated probe (MRC Systems) on the
patient’s forearm. Probes of increasing weight were used to
identify the probe that elicited a pain level of 30 to 40 on a 0 to
100 scale. This probe was then tapped 10 times on the fore-
arm. Patients were asked to rate the pain intensity of the first
and last stimulus. TS was calculated as the difference between
pain intensity at the first and last stimulus. Possible TS values
ranged from 0 to 100. Higher values indicate greater pain
facilitation.

CPM. CPM reflects descending pain inhibition, another pro-
posed mechanism of nociplastic pain. Low CPM suggests
decreased activity of the descending analgesic pathways, result-
ing in inefficient pain inhibition and increased nociplastic pain.26,27

To determine CPM, the participant’s right hand was immersed in
a 5- to 7-�C water bath. The PPT at the left trapezius was mea-
sured before and after immersion. CPM was calculated as the
ratio of the PPT at the trapezius after immersion to the PPT at
the trapezius before immersion. Because CPM is a ratio, the
range of possible values is infinite, although typical values range
from 0 to 4. Low CPM suggests decreased activity of the des-
cending analgesic pathways, inefficient pain inhibition, and, thus,
increased nociplastic pain.

Discordance measures. The TSJD was calculated by
subtracting the 28-swollen joint count from the 28-tender joint
count.10 A positive TSJD indicates a greater number of tender

joints relative to swollen joints. A previous study reported that a
TSJD ≥7 identifies patients with fibromyalgic RA with 83% sensi-
tivity and 80% specificity.10

The DAS28-P, which is the ratio of subjective components of
the DAS28 (tender joint count and patient global assessment) to
the total DAS28, was calculated using the following equation11:

0:56� ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
TJC28

p
+ 0:014�Patient Globalð Þ�10
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DAS28
�100

A previous study reported that a DAS28-P >63.1% is the
optimal cutoff for identifying the presence of fibromyalgia among
patients with RA.11 The difference between the PtGA and EGA
was determined by subtracting the EGA score from the PtGA
score.12

Statistical analysis. Descriptive statistics were calculated
for demographic and clinical characteristics, including composite
disease activity measures. Linear regression models were used
to examine relationships between measures of disease discor-
dance and QST measures of pain sensitization suggestive of
nociplastic pain. The dependent variables were the QST mea-
sures, specifically PPT at the trapezius, TS of the forearm, and
CPM. For each QST measure, separate unadjusted and adjusted
regression models were conducted for each discordance of dis-
ease activity measure, with the independent variables being
TSJD, DAS28-P, and PtGA − EGA. Age, study site, sex, body
mass index, RA symptom duration, seropositivity, depression,
and sleep disturbance were included as covariates in the adjusted
models.

Sensitivity analyses were conducted to explore the effects of
fibromyalgia and systemic inflammation. First, to determine if
results were impacted by including individuals with fibromyalgia,
regression analyses excluding participants who met the ACR
2016 revised fibromyalgia diagnostic criteria were performed.
Second, to examine potential confounding by systemic inflamma-
tion, we conducted regression models including CRP level as a
covariate. All data analyses were performed using R (version
4.5.0). The alpha level was set at P < 0.05 for all analyses.

RESULTS

Participant characteristics. Of the 225 patients included
in this study, the average age was 55.6 years old, with an SD of
13.7. Most were White (77.3%), female (81.3%), and seropositive
for rheumatoid factor or anti–cyclic citrullinated peptide (71.6%),
with an average symptom duration of 12.4 years (SD 12.6)
(Table 1). The mean DAS28 was 4.4 ± 1.2. The mean PROMIS
depression t score was 50.2 (SD 9.0), whereas the mean PRO-
MIS sleep disturbance score was 54.4 (SD 9.2), both within
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population normative levels. Median values for PPT at the trape-
zius, TS of the forearm, and CPM were 2.6 kgf (interquartile range
[IQR] 1.8–3.7), 8.3 (IQR 1.7–20.0), and 1.3 (IQR 1.2–1.5),
respectively.

The mean TSJD was 5.4, with an SD of 8.2. Eighty-two
(36.4%) had a TSJD ≥7 (Supplementary Table 1). The mean
DAS28-P was 49.7%, with an SD of 13.3%. Twenty-five (11.1%)

had a DAS28-P >63.1%, the previously identified cutoff for fibro-
myalgia. The mean PtGA - EGA was 0.7 (SD 2.2) (Figure 1).

Associations between measures of disease
discordance and QST measures. In the unadjusted linear
regression models (Table 2), higher TSJD was significantly asso-
ciated with lower PPTs at the trapezius (β = −0.06; 95%
confidence interval [CI] −0.08 to −0.03), higher TS of the forearm
(β = 0.34; 95% CI 0.12 to 0.56), and higher CPM (β = 0.01; 95%
CI 0.002 to 0.01). Higher DAS28-P was significantly associated
with lower PPTs at the trapezius (β = −0.05; 95% CI −0.07 to
−0.04) and higher TS of the forearm (β = 0.25; 95% CI 0.11 to
0.38). PtGA − EGA was not significantly associated with PPT at
the trapezius, TS of the forearm, or CPM.

In the adjusted multivariable models (Table 2), higher TSJD
remained significantly associated with lower PPTs at the trapezius
(β = −0.05; 95% CI −0.08 to −0.02), higher TS of the forearm
(β = 0.29; 95% CI 0.05 to 0.53), and higher CPM (β = 0.01; 95%
CI 0.002 to 0.02). Higher DAS28-P was significantly associated
with lower PPTs at the trapezius (β = −0.05; 95% CI −0.07 to
−0.04) and higher TS of the forearm (β = 0.21; 95% CI 0.06 to
0.35). PtGA − EGA was not significantly associated with PPT at
the trapezius, TS of the forearm, or CPM.

Sensitivity analyses. In sensitivity analyses excluding par-
ticipants who met the ACR 2016 revised fibromyalgia diagnostic
criteria, higher TSJD remained significantly associated with lower
PPTs at the trapezius, higher TS at the forearm, and higher CPM
(Supplementary Table 2). We also conducted another sensitivity
analysis including CRP level as an additional covariate, and find-
ings were consistent with previous results (Supplementary
Table 3).

Table 1. Characteristics of study participants (n = 225)*

Characteristics Value

Age, mean ± SD, y 55.6 ± 13.7
Female, n (%) 183 (81.3)
White, n (%) 174 (77.3)
Seropositive, n (%)a 161 (71.6)
Body mass index, mean ± SD 28.6 ± 6.9
RA symptom duration, mean ± SD, y 12.4 ± 12.6
Depression, PROMIS t score, mean ± SD 50.2 ± 9.0
Sleep disturbance, PROMIS t score, mean ± SD 54.4 ± 9.2
Fibromyalgia, n (%) 67 (29.8)
Current smoking, n (%) 30 (13.3)
Pain intensity, 0–10 numerical rating scale,
mean ± SD

5.2 ± 2.3

Pain interference, PROMIS t score, mean ± SD 60.5 ± 7.3
Oral glucocorticoid use, n (%) 102 (45.3)
Conventional DMARDs, n (%) 92 (40.9)
Biologic/targeted synthetic DMARDs, n (%) 133 (59.1)
Centrally acting pain medications, n (%) 17 (7.6)
Disease Activity Score in 28 joints, mean ± SD 4.4 ± 1.2
Clinical Disease Activity Index, mean ± SD 24.0 ± 14.0
Tender joint count, mean ± SD 10.9 ± 8.6
Swollen joint count, mean ± SD 5.4 ± 5.2
Patient global assessment, mean ± SD 4.2 ± 2.4
Evaluator global assessment, mean ± SD 3.5 ± 2.2
C-reactive protein, mean ± SD, mg/L 8.0 ± 12.5

* DMARD, disease-modifying antirheumatic drug; PROMIS, Patient-
Reported Outcomes Measurement Information System; RA, rheu-
matoid arthritis.
a Seropositive for rheumatoid factor and/or anti–cyclic citrullinated
peptide.

Figure 1. Distribution for disease discordance measures (n = 225). Distribution of disease discordance measures in the Central Pain in Rheuma-
toid Arthritis cohort, depicted by histogram (with mean and SD) and boxplot (with bold lines indicating median value and edges of boxes corre-
sponding to 25th [lower quartile] and 75th percentiles [upper quartile]). (A) TSJD. (B) DAS28-P. (C) PtGA − EGA. DAS28-P, proportion of
subjective components of the Disease Activity Score in 28 joints to the total Disease Activity Score in 28 joints; IQR, interquartile range; PtGA −

EGA, patient global assessment of disease activity minus evaluator global assessment of disease activity; TSJD, tender–swollen joint count
difference.
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DISCUSSION

In this cohort of patients with active RA, greater discor-
dances in certain disease activity metrics were associated with
worse QST measures of pain sensitization, suggestive of noci-
plastic pain. However, the strengths of associations were mod-
est, and not all measures of disease discordance were
associated with all QST assessments. Consistent patterns
included the following: (1) higher TSJD and DAS28-P were both
associated with lower PPT at the trapezius and higher TS, and
(2) PtGA − EGA was not significantly associated with any QST
measures.

Higher TSJD and DAS28-P were both consistently associ-
ated with lower PPT at the trapezius and higher TS. The consis-
tency in these relationships provides confidence in these results,
although the strengths of associations were modest. TSJD and
DAS28-P are composite measures that incorporate the concept
of discordance in tender and swollen joint counts in the assess-
ment of nociplastic pain. Tender joint count is similar to PPT (use
of a pressure algometer) and TS (use of punctate probes), in that
all assess sensitivity to external applications of pressure. Individ-
uals with higher TS are likely to have greater pain sensitivity (lower
PPTs) and more tender joints, leading to higher TSJDs and higher
DAS28-P scores.

Conversely, PtGA − EGA was not significantly associated
with PPT at the trapezius, TS, or CPM. Neither PtGA nor EGA
includes a direct assessment of tender and swollen joint counts.
A large observational study previously found EGA to be highly
correlated with swollen joint count (ρ > 0.70) and PtGA to be the

most highly correlated with patient-reported pain intensity
(ρ > 0.86) and function assessed by the Health Assessment
Questionnaire (ρ > 0.49).13 Patient-reported pain intensity and
function are important health outcomes that have multiple differ-
ent causes. Thus, although nociplastic pain may contribute to
the discrepancy between PtGA and EGA, there are likely multiple
other causes for this discrepancy, such as general health status,
mental health, and functional capacity.28 In addition, previous
studies have suggested that patient education levels, patient
health literacy, cultural factors, and evaluator experience may also
contribute to these discrepancies.29–32 Lastly, the EGA may be
subject to interpretive variability among clinicians. Some asses-
sors may regard it as a measure of inflammatory activity exclu-
sively, in alignment with its application in clinical trial settings,
whereas others may integrate a more comprehensive appraisal
of disease burden, encompassing pain, fatigue, and functional
impairment.33

Notably, higher TSJD was weakly associated with higher
CPM, but DAS28-P was not associated with CPM. Although
PPT at the trapezius is a reflection of overall central nervous sys-
tem pain modulation, TS and CPM have been thought to reflect
specific pain pathways: ascending pain facilitation and descend-
ing pain inhibition, respectively.34 Ascending pain facilitation is
commonly thought to be stimulated by peripheral input, whereas
descending pain inhibition is primarily thought to be determined
by genetics and is less likely to change when peripheral nocicep-
tive input is modulated.35,36 Given the weak association between
TSJD and CPM and the lack of consistency in associations
across TSJD and DAS28-P, we caution against making strong
inferences regarding the association (or lack thereof) among
TSJD, DAS28-P, and CPM. It is possible that, in a population of
patients with RA and active peripheral joint inflammation, ascend-
ing pain facilitation may be the main contributor to pain sensitivity,
whereas descending pain inhibition may play a larger role when
peripheral inflammation has been treated. It should be noted that
even in the prototypical nociplastic condition, fibromyalgia, these
QST test results are only abnormal in a subset of patients.37,38

Prior studies have suggested various thresholds for tender–
swollen joint discrepancies for nociplastic pain. Pollard et al iden-
tified a ≥7 TSJD for detecting patients with fibromyalgia RA, with
high sensitivity and specificity.10 Other studies have suggested
that a tender–swollen joint discrepancy as low as 1 may contrib-
ute to misrepresentation of RA inflammatory disease activity.39,40

Additional research is needed to establish a specific threshold
for nociplastic pain using tender and swollen joint counts; how-
ever, it is reasonable to conclude that the larger the TSJD, the
greater the likelihood of nociplastic pain involvement in patients
with RA and chronic pain.41 Between TSJD and DAS28-P, TSJD
demonstrates greater feasibility for implementation in a clinical
setting because of its ease of basic calculation and assessment.
Use of TSJD in clinical practice may identify patients who would
benefit from stronger reliance on exercise, psychological

Table 2. Associations between discordance measures and QST
measures from unadjusted and adjusted linear regression models
(n = 225)*

Discordance
measures

Unadjusted OR
(95% CI) Adjusted OR (95% CI)

Trapezius PPT
TSJD −0.06 (−0.08 to −0.03) −0.05 (−0.08 to −0.02)
DAS28-P −0.05 (−0.07 to −0.04) −0.05 (−0.07 to −0.04)
PtGA − EGA 0.08 (−0.18 to 0.02) 0.07 (−0.17 to 0.04)

TS of the
forearm

TSJD 0.34 (0.12 to 0.56) 0.29 (0.05 to 0.53)
DAS28-P 0.25 (0.11 to 0.38) 0.21 (0.06 to 0.35)
PtGA − EGA 0.30 (−0.55 to 1.1) 0.75 (−0.17 to 1.70)

CPM
TSJD 0.01 (0.002 to 0.01) 0.01 (0.002 to 0.02)
DAS28-P 0.003 (−0.0004 to 0.01) 0.003 (−0.001 to 0.01)
PtGA − EGA 0.00 (−0.02 to 0.02) 0.01 (−0.01 to 0.03)

* Models were adjusted for the following covariates: age, study site,
sex, bodymass index, rheumatoid arthritis symptomduration, sero-
positivity, depression, and sleep disturbance. Bold values indicate
significantly different values (P < 0.05). CI, confidence interval, CPM,
conditioned pain modulation; DAS28-P, proportion of subjective
components of the Disease Activity Score in 28 joints to the total Dis-
ease Activity Score in 28 joints; OR, odds ratio; PPT, pain pressure
threshold; PtGA − EGA, patient global assessment of disease activity
minus evaluator global assessment of disease activity; QST, quanti-
tative sensory testing; TS, temporal summation; TSJD, tender–
swollen joint count difference.
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treatment, and noninflammatory pharmacologic treatment and
less focus on DMARDs alone for pain management.

Study strengths include the large sample size as well as
involvement of multiple centers, which increases the generalizabil-
ity of our results. To our knowledge, the CPIRA is the largest
cohort of patients with RA providing comprehensive data on mul-
tiple QST measures, including PPT at the trapezius, TS, and
CPM. These QST measures have also been previously demon-
strated to be associated with pain intensity and treatment
response in patients with RA.17,42 This study also sought to
reduce the heterogeneity of the QST evaluators by use of stan-
dardized QST protocol and rigorous training standards.23

Limitations of this study include that this was a cross-
sectional analysis of patients with active RA, so results are only
specific to this disease state. The cross-sectional analysis also
precludes causal inferences. Another limitation is that, although
QST measures are commonly used to assess nociplastic pain in
research studies, there is no gold standard for assessing noci-
plastic pain, and QST tests are not consistently different in individ-
uals with nociplastic pain (eg, individuals with fibromyalgia) than in
healthy controls.37,38 In addition, a further limitation is the lack of
objective and sensitive assessment of synovitis, such as ultraso-
nography or magnetic resonance imaging, which could have
enabled a more accurate characterization of joint inflammation.
Moreover, the inclusion of patients taking centrally acting neuro-
pathic pain medications, such as duloxetine or pregabalin, may
influence pain processing. However, we could not evaluate this
rigorously because only 7.6% of the sample were taking centrally
acting medications.

In summary, discordances in disease activity metrics (eg,
TSJD and DAS28-P) are useful to consider as potential indicators
of nociplastic pain in the clinical setting. By identifying or excluding
nociplastic pain as a potential contributor to patient symptoms,
health care providers can provide more individualized and tar-
geted recommendations about pain management. This could
range from recommending intensification of immunosuppressive
therapy to treat inflammatory pain to recommending the addition
of a tricyclic antidepressant or serotonin–norepinephrine reuptake
inhibitor for nociplastic pain. We would favor TSJD over DAS28-P
in clinical practice for identifying these patients, given its ease of
calculation. Although our analysis focused on routinely collected
clinical measures such as TSJD, DAS28-P, and PtGA − EGA,
we acknowledge that other patient-reported measures may pres-
ent potential practical and reliable alternatives. Future research
should investigate the comparative utility of these self-report
instruments, given their feasibility and applicability in routine rheu-
matologic practice.
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Development and External Validation of a Multivariable
Predictive Model for Progression to Difficult-to-Treat
Rheumatoid Arthritis in Biologic-Experienced Patients

Misti L. Paudel,1,2 Nancy Shadick,1,2 Michael Weinblatt,1,2 George Reed,3 Heather J. Litman,4

Joel M. Kremer,5 Dimitrios A. Pappas,4,5,6 and Daniel H. Solomon1,2

Objective. Approximately 20% of patients with rheumatoid arthritis (RA) cycle through multiple therapies without
achieving treatment goals and are classified as having “difficult-to-treat” RA (D2T-RA); however, no risk prediction
tools exist to identify which patients are at highest risk. Our aim was to develop and validate a predictive model for pro-
gression to D2T-RA among patients with RA.

Methods. We used data from two large independent observational cohorts of patients with RA to develop and
externally validate a multivariable prediction model to identify participants at risk of D2T-RA, defined using EULAR
2021 criteria. We developed a multivariable predictive model for D2T-RA using random survival forests in
participants treated with their first biologic and/or targeted synthetic disease-modifying antirheumatic drug
(b/tsDMARD) (derivation cohort). We validated the model in a cohort of participants initiating or switching
b/tsDMARD therapies.

Results. A total of 700 participants were in the derivation cohort (84% female, mean age 55 years, median follow-
up 40 months, 113 [16%] with D2T-RA), and 2,070 participants were included in the validation cohort (79% female,
mean age 56 years, median follow-up 8 months, 571 [28%] with D2T-RA). We observed C-index values of 0.643
(95% confidence interval [CI] 0.585–0.698; derivation cohort) and 0.620 (95% CI 0.596–0.643; validation cohort).
Calibration measures suggested overall moderate predictive ability. Worsened functional status, pain, fatigue, and
global disease activity were consistently top predictors across both cohorts.

Conclusion. Our model demonstrated moderate discrimination and calibration, highlighting the challenge in accu-
rately predicting D2T-RA outcomes. These findings underscore the need for further research to improve predictive per-
formance, potentially through the incorporation of additional biomarkers.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory dis-

ease that impacts 0.3% to 1.0% of people worldwide and

approximately 1.3 million adults in the United States.1,2 The

past several decades have observed advancements in RA

management, in part due to the increasing availability of new

biologic and/or targeted synthetic disease-modifying antirheu-

matic drugs (b/tsDMARDs).3 Despite advancements in

therapies, a subset of patients with RA remain persistently dis-

abled with chronic pain and functional limitations.
Prior studies have observed that approximately one in five

patients with RA cycle through multiple treatments without expe-

riencing relief in symptoms and/or remission and are classified

as having “difficult-to-treat” RA (D2T-RA).4–7 Additionally, one-

sixth of patients with RA have been treated with five different clas-

ses of b/tsDMARD therapies.7 Treatment nonresponse and

cycling poses a significant challenge for rheumatologists due to
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limited evidence on how to identify and manage patients.8 In

2021, after reviewing results of an international survey9 and exist-

ing literature, EULAR published criteria for assessing D2T-RA,

stating that three conditions must all be present: (1) multiple

DMARD failure, (2) signs suggestive of active or progressive dis-

ease, and (3) management of symptoms viewed as problematic

according to the rheumatologist and/or patient.10 Some have crit-

icized this definition as too broad,11 but its strength lies in the

requirement of the three domains of treatment cycling, persistent

disease activity, and management difficulties, ensuring accurate

identification of an important phenotype of this subgroup of

patients with RA.
Prior studies have identified several clinical characteristics

that are potential risk factors for D2T-RA, including older age,
higher rheumatoid factor (RF) levels, higher Clinical Disease Activ-
ity Index (CDAI) scores, lower methotrexate dosage, a greater
proportion with hypertension, a greater proportion with diabetes,
and greater treatment delay.12 Finally, higher RF levels, greater
disease activity, and comorbid pulmonary disease were associ-
ated with D2T-RA risk in another cohort.13 A predictive model that
incorporates clinical, demographic, and patient-reported out-
comes (PROs) to predict risk of progressing to D2T-RA would
be a clinically useful tool to assist rheumatologists in identifying
patients with RA who could benefit from alternative treatment
and management approaches.

We used data from two longitudinal cohorts of patients with
RA with comprehensive longitudinal assessments of RA-related
treatments, clinical factors, and PROs to develop and externally
validate a predictive model to identify which patients with RA are
most likely to advance to this state of multitreatment failure.

PATIENTS AND METHODS

Data sources. We used data from the Brigham and
Women’s Rheumatoid Arthritis Sequential Study (BRASS)
and the Comparative Effectiveness Registry to Study Therapies
for Arthritis and Inflammatory Conditions (CERTAIN). The BRASS
registry is a single-center prospective observational cohort study

that enrolled participants from the Brigham and Women’s Hospi-
tal Arthritis Center in Boston, Massachusetts, fromMarch 2003 to
May 2019. Participants were eligible if they had a diagnosis of RA
using American College of Rheumatology RA classification cri-
teria14,15 or based on the opinion of a rheumatologist. Participants
completed annual visits with a rheumatologist and interim six-
month questionnaires. Study follow-up continued through
April 2023. Details of the BRASS registry, including its overall
goals and design, have been reported elsewhere.16 All partici-
pants provided informed consent, and approval was obtained
by the Institutional Review Board of Brigham and Women’s
Hospital (2002P001762). The BRASS clinical trial is registered
at ClinicalTrials.gov (identifier: NCT01793103).

The CERTAIN study is a 12-month prospective substudy of
the large multicenter US-based registry CorEvitas (formerly Cor-
rona). Patients with at least moderate disease activity (CDAI score
>10) and those who were starting or switching to a new biologic
agent that was an anti–tumor necrosis factor (anti-TNF; adalimu-
mab, etanercept, certolizumab, golimumab, or infliximab) or a
non–anti-TNF agent (tocilizumab, abatacept, or rituximab) were
eligible to participate. Participants completed visits every three
months for up to one year, at which point longitudinal follow-up
continued in the parent CorEvitas registry. Participants needing
to discontinue and switch to a different biologic agent during
CERTAIN follow-up were offered an opportunity to re-enroll in
the study, provided they met study inclusion criteria. Details of
the CERTAIN study have been reported elsewhere.17 All partici-
pants provided informed consent, and approval was obtained
by the New England Institutional Review Board (NEIRB
120160610). The CERTAIN clinical trial is registered at
ClinicalTrials.gov (identifier: NCT01625650). For academic inves-
tigative sites in CERTAIN that did not receive a waiver to use the
central institutional review board, approval was obtained from
the governing institutional review boards, and documentation of
approval was submitted to the sponsor before any study proce-
dures were initiated. All CERTAIN participants were required to
provide written informed consent before participating.

Study design.We used data from BRASS to develop a pre-
dictive algorithm for progression to D2T-RA, and we externally
validated the algorithm using data from CERTAIN. For brevity,
we will refer to these as the derivation and validation cohorts
throughout the article. In the BRASS cohort, we restricted to par-
ticipants with RA who were treated with their first b/tsDMARD and
defined the index date as the earliest recorded study visit in which
first b/tsDMARD treatment was documented. In CERTAIN, we
restricted participants to those who were not currently classified
as having D2T-RA at enrollment. Also, for CERTAIN participants
who switched therapies and were subsequently re-enrolled, we
strung consecutive enrollments together and recalculated follow-
up time from study entry. Across both cohorts, patients missing
demographic data were excluded. In secondary analyses using

SIGNIFICANCE & INNOVATIONS
• This is the first study to develop and externally vali-

date a risk prediction model to identify which
patients with rheumatoid arthritis (RA) are at high-
est risk of progressing to “difficult-to-treat” RA
(D2T-RA).

• Participants with worse functioning, greater pain,
fatigue, and disease activity have increased risk of
progressing to D2T-RA.

• These findings underscore the need for further
research to improve predictive performance through
the incorporation of additional biomarkers.
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CERTAIN, we created a subset of participants who were treated
with their first b/tsDMARD (naïve). Both sets of analyses are
presented.

D2T-RA.Wemapped available study variables to each com-
ponent of EULAR’s D2T-RA criteria and identified the earliest
study visit in which participants met all three components:
DMARD failure, persistent disease activity, and perception of a
persistent problem during follow-up. Details of EULAR’s D2T-RA
algorithm and mapped variables for each cohort are provided in
Table 1. Details of how this algorithm was implemented in BRASS
have been previously published.18 We made modifications to
D2T-RA subcriteria when needed based on the availability of data
elements in CERTAIN. These modifications included extra-
articular manifestations, prednisone use, and erosions and have
been described in the Methods section.

Potential predictors. We included several potential
predictors in random survival forests (RSF) models, spanning
RA-related treatments, clinical factors, demographics, and PROs.
We provide more details of each of these measures from both
cohorts in the following paragraphs.

RA-related treatments. RA-related treatments included con-
ventional synthetic DMARD and b/tsDMARD therapies and gluco-
corticoids. We classified b/tsDMARD use as TNF inhibitors

(etanercept, adalimumab, infliximab, golimumab, certolizumab
pegol), anti–T cell costimulator (abatacept), anti–interleukin-1
(anti–IL-1) inhibitors (anakinra), B cell depletion (rituximab), anti–
IL-6 inhibitors (tocilizumab, sarilumab), and JAK inhibitors (tofaciti-
nib, baricitinib, upadacitinib). Use of glucocorticoids, such as
prednisone or methylprednisolone, was assessed at each visit
and expressed as the most common daily dosage in the past six
months (BRASS) or current treatment (CERTAIN).

Measures of disease activity. Rheumatologists completed
the four-variable Disease Activity Score in 28 joints using the
C-reactive protein level (DAS28-CRP),19 which included a tender
joint count (TJC) and swollen joint count (SJC), patient global
assessment (PtGA), and CRP laboratory values. A CDAI was
assessed, with scores >10 indicative of active RA with moderate
disease. The CDAI consists of SJC, TJC, PtGA, and provider
global assessment (PrGA). For both cohorts, the PtGA scores
ranged from zero (arthritis was not at all active) to 100 (arthritis
was extremely active).20,21 Scores ≥30 were indicative of patient
perception of active RA disease. In addition, rheumatologists
completed the PrGA, with scores ranging from 0 (no arthritis
activity) to 100 (severe arthritis activity).22 Scores ≥30 were indic-
ative of provider perception of active RA disease.

Radiographic measures and erosions. In BRASS, bilateral
hand and wrist radiographs were performed at enrollment and
every two years during follow-up and were scored by four

Table 1. Description of EULAR criteria for difficult-to-treat RA in BRASS and CERTAIN*

Criterion EULAR definition BRASS definition CERTAIN definition

DMARD failure Criterion 1: failure of ≥2 b/tsDMARDs
with different mechanisms of action
after failing conventional synthetic
DMARD therapy

Patient-reported treatment with ≥2
b/tsDMARDs with different
mechanisms of action for at least 3 mo

Patient-reported treatment with
2 b/tsDMARDs with different
mechanisms of action for at
least 3 mo

Persistent
disease
activity

Criterion 2: at least one of the following
conditions (a–e)

(a) At least moderate disease activity,
such as DAS28-ESR >3.2 or CDAI >10

DAS28-CRP >3.2 or CDAI >10 DAS28-CRP >3.2 or CDAI >10

(b) Signs (acute-phase reactants and
imaging) and/or symptoms suggestive
of active disease

Presence of extra-articular
manifestations in the past year

History of selected extra-
articular manifestations

(c) Inability to taper glucocorticoid
treatment below 7.5 mg/day of
prednisone or equivalent

Glucocorticoid most frequent average
dose in past six months ≥6 mg

Current treatment with
prednisone with a reported
dose ≥7.5 mg

(d) Rapid radiographic progression (with
or without signs of active disease)

Change in Sharp score of 5 or more
points

History of ever having erosive
disease

(e) Well-controlled disease according to
above standards but still having RA
symptoms that are causing a
reduction in quality of life

RAPID3 score >3 (moderate/high disease
severity) and does not meet criteria
a–d

RAPID3 score >3 (moderate/high
disease severity) and does not
meet criteria a–d

Perception of a
persistent
problem

Criterion 3: management of RA and
signs/symptoms are perceived as
problematic by the rheumatologist
and/or the patient

PtGA score >3 or PrGA score >3 PtGA score >3 or PrGA score >3

* BRASS, Brigham and Women’s Rheumatoid Arthritis Sequential Study; b/tsDMARD, biologic and/or targeted synthetic DMARD; CDAI, Clinical
Disease Activity Index; CERTAIN, Comparative Effectiveness Registry to Study Therapies for Arthritis and Inflammatory Conditions; CRP,
C-reactive protein; DAS28, Disease Activity Score in 28 joints; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation
rate; PtGA, patient global disease activity; PrGA, provider global assessment; RA, rheumatoid arthritis; RAPID3, Routine Assessment of Patient
Index Data 3.
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Brigham and Women’s Hospital radiologists according to the
Sharp/van der Heijde method.23,24 Erosions were scored for
16 joints on each side of the body, and a total erosion score
summed erosions in hands and wrists. Joint space narrowing
(JSN) was summed across hands and wrists,24,25 ranging from
0 to 120. The Sharp/van der Heijde score was computed as the
total erosion score plus the total JSN score.26 In CERTAIN, a his-
tory of joint erosions was recorded.

Extra-articular manifestations. Extra-articular manifestations
of RA experienced by participants were recorded in BRASS and
included pericarditis, pleuritis, pulmonary fibrosis, bronchiectasis,
pulmonary nodules, bronchiolitis obliterans with organizing
pneumonia, subcutaneous rheumatoid nodules, Sjögren dis-
ease or keratoconjunctivitis sicca, large granular lymphocytic
leukemia, cervical myelopathy, neuropathy, Felty syndrome,
cutaneous vasculitis, pyoderma gangrenosum, scleritis or epi-
scleritis, glomerulonephritis, vasculitis of other organs, amy-
loidosis, and lymphadenopathy. In CERTAIN, these consisted
of secondary Sjögren disease, history of subcutaneous nod-
ules, interstitial lung disease, pulmonary fibrosis, rheumatoid
nodules, and rheumatoid pleurisy.

The Routine Assessment of Patient Index Data 3 (RAPID3)27

is a patient-reported measure of RA severity that includes three
subcomponents on the Multidimensional Health Assessment
Questionnaire (MDHAQ)28 for function, pain, and global estimate
of status. Standard cutoffs of disease activity on the RAPID3 were
remission (≤3.1), low disease activity (3.1–6), moderate disease
activity (6.1–12), and high disease activity (>12).

Demographics and other non–RA-related clinical factors.
Demographics (age, sex, education, ethnicity), RA disease dura-
tion, comorbid medical conditions (physician-reported history of
diabetes mellitus, hypertension, and cardiovascular disease
[angina, heart attack, and heart failure]), age at RA onset, and RF
and anti–cyclic citrullinated peptide positivity were assessed at
enrollment. Body mass index (BMI) and smoking status were
assessed at baseline and follow-up, and we used a last value
carry forward approach to fill in missing values at interim six-
month and missed visits.

Statistical analysis. Descriptive analyses were performed
to evaluate demographic and clinical characteristics and PROs
in each cohort separately. Follow-up time was computed from
the index date (as defined for each cohort) until the earliest visit
in which D2T-RA criteria were met or the last study visit. This
study was conducted in accordance with the TRIPOD+AI guide-
lines for transparent reporting of multivariable prediction models
using machine learning.29

Predictivemodel. To build a predictive model, we first per-
formed necessary data cleaning and harmonization steps, evalu-
ating outliers and missing values. We excluded variables with
very low or high prevalence that are unlikely to have predictive

utility (ie, <3% and >97%). We imputed missing values using the
impute-only feature in RSF under the assumption that data are
missing at random.30 We used RSF to develop prediction models
using the “RandomForestSRC” package in R.30,31 RSF is an
extension of random forest methods for right-censored time-
to-event data in which survival trees are generated using boot-
strapped data and features (predictors) are selected randomly
when splitting tree nodes. RSF constructs predictions by drawing
a set of bootstrap samples from the data for the number of spec-
ified trees (ntree), leaving some observations (approximately one-
third) out of bag (OOB). We computed prediction accuracy and
variable importance measures on the OOB samples. We tuned
the model using an iterative process to optimize ntree, mtry, and
nodesize hyperparameters, with the overall goal to minimize the
OOB error rate. We evaluated Harrell’s concordance index
(C-index) from the model, which represents an extension of the
area under the receiver operating characteristic curve for survival
models and estimates the probability that, for a randomly selected
pair of patients, the one who developed D2T-RA earlier had a
worst predicted outcome (C-index values of 1 indicate perfect
discrimination). We used bootstrapping to obtain 95% confidence
intervals (CIs) for C-index values. We calculated variable impor-
tance (VIMP) values, which compare model performance with
and without the variable included. Initial models were run on
45 total predictors (Supplementary Table S1). After reviewing ini-
tial model performance metrics, we removed predictors with
VIMP values that were zero or negative (indicating the variable
may be negatively impacting model performance) from the model.

We plotted Kaplan–Meier (KM)–like survival curves based on
predicted probabilities for each time point from the RSF model.
These curves resemble KM plots in appearance and interpreta-
tion but differ, as they are created from amachine learning survival
model and not a nonparametric KM estimator.

In the RSF model, “calibration” refers to how closely survival
times predicted by the model match observed survival times. We
plotted calibration curves that evaluate the percentage of predic-
tion error by time, including a reference model curve (null model
with no predictors) and a curve for the final predictive model. Val-
ues closer to zero indicate better calibration. In addition, we eval-
uated standardized continuous ranked probability scores (CRPS),
which quantify the difference between the predicted cumulative
probability distribution and observed outcomes standardized by
follow-up time. Values from a standardized CRPS are scaled to
range from 0 to 1, with those closer to 0 indicating better prob-
abilistic prediction. Although there is no threshold to indicate ade-
quacy, in general, values below 0.5 suggest substantial
improvement over a reference model.

We evaluated overall model performance by assessing the
Integrated Brier Score (IBS). The IBS is the average of Brier
Scores across each time interval, which are computed by calcu-
lating mean squared difference between predicted and actual
outcomes for specific time points. Values for IBS range from zero
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Table 2. Patient characteristics at baseline in BRASS and CERTAIN*

Characteristic
Derivation cohort
(BRASS; N = 700)

Validation cohort (CERTAIN)

Full sample (N = 2,070)
b/tsDMARD

naïve (n = 1,043)

Follow-up, mo 80 (63) 8.2 (5.7) 9.5 (5.6)
Demographics and comorbidities
Current age, y 55 (14) 56 (13) 56 (13)
18–44 y 167 (24%) 393 (19%) 202 (19%)
45–65 y 370 (53%) 1,160 (56%) 597 (57%)
≥ 65 y 163 (23%) 517 (25%) 244 (23%)

Age at RA diagnosis, y 42 (15) 49 (14) 51 (14)
Female sex 584 (83%) 1,644 (79%) 817 (78%)
Education
High school diploma or less 120 (17%) 815 (39%) 435 (42%)
At least some technical college or
professional school

154 (22%)

Graduated college 190 (27%) 1,255 (61%) 608 (58%)
Graduate school 236 (34%)

Smoking status
Never smoked 425 (61%) 997 (48%) 513 (49%)
Former smoker 231 (33%) 665 (32%) 305 (29%)
Current smoker 44 (6.3%) 408 (20%) 225 (22%)

Body mass index
<30 527 (75%) 1,199 (58%) 607 (58%)
≥30 173 (25%) 871 (42%) 436 (42%)

History of type 2 diabetes 36 (5.1%) 174 (8.4%) 87 (8.3%)
History of hypertension 197 (28%) 565 (27%) 271 (26%)
History of cardiovascular diseasea 52 (7.4%) 1,267 (61%) 616 (59%)

RA-related clinical factors
Rheumatoid factor positivity 482 (69%) 1,376 (66%) 685 (66%)
Anti-CCP positivity 489 (70%) 1,268 (61%) 616 (59%)
DAS28-CRP 3.4 (1.5) 4.8 (1.1) 4.8 (1.1)
≤3.2 348 (50%) 142 (6.9%) 62 (5.9%)
3.3–5.1 249 (36%) 1,159 (56%) 600 (58%)
>5.1 103 (15%) 769 (37%) 381 (37%)

CDAI >10 404 (58%) 2,046 (99%) 1,031 (99%)
CRP 6.1 (13.7) 10 (18) 11 (19)
Tender joint count (0–28) 6 (7) 11 (7) 11 (7)
Swollen joint count (0–28) 6 (6) 8 (6) 8 (6)
PtGA (VAS 0–100) 4.4 (2.8) 5.3 (2.5) 5.2 (2.5)
PtGA ≥30 486 (69%) 1,773 (86%) 889 (85%)
PrGA (VAS 0–100) 2.7 (1.9) 5.0 (2.0) 5.1 (1.9)
PrGA ≥30 347 (50%) 1,919 (93%) 985 (94%)
RAPID3 >3 479 (68%) 1,960 (95%) 982 (94%)
One or more extra-articular manifestations 156 (22%) 578 (28%) 252 (24%)
MDHAQ total score (0–100 scale) 18 (16) 32 (23) 31 (22)
MDHAQ fatigue scale (0–100) 39 (29) 54 (29) 53 (30)
MDHAQ pain scale (0–100) 30 (25) 54 (27) 53 (27)
Methotrexate concomitant therapy 367 (55%) 1,257 (61%) 710 (68%)
Current prednisone use 139 (21%) 691 (33%) 333 (32%)
b/tsDMARD use
Adalimumab 177 (25%) 439 (21%) 322 (32%)
Etanercept 409 (58%) 346 (17%) 270 (26%)
Other TNFi 75 (11%) 641 (31%) 309 (30%)
Other b/tsDMARDs 39 (5.6%) 644 (31%) 142 (14%)

b/tsDMARD treatment naïve 700 (100%) 1,043 (50%) 1,043 (100%)

* Values are n (%) or mean (SD). anti-CCP, anti–cyclic citrullinated peptide; BRASS, Brigham and Women’s Rheuma-
toid Arthritis Sequential Study; b/tsDMARD, biologic and/or targeted synthetic disease-modifying antirheumatic
drug; CDAI, Clinical Disease Activity Index; CERTAIN, Comparative Effectiveness Registry to Study Therapies for
Arthritis and Inflammatory Conditions; DAS28-CRP, Disease Activity Score in 28 joints using the C-reactive protein
level; MDHAQ, Multidimensional Health Assessment Questionnaire; PrGA, provider global assessment; PtGA,
patient global assessment; RA, rheumatoid arthritis; RAPID3, Routine Assessment of Patient Index Data 3; TNFi,
tumor necrosis factor inhibitor; VAS, visual analog scale.
a Includes angina, heart attack, and heart failure.
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(perfect prediction) to upward. There are no thresholds to indicate
adequacy; however, in general, lower IBS values indicate overall
better predictive performance, and values for models with good
performance often range between 0.1 and 0.3, although this can
vary. We evaluated Shapley Additive Explanations (SHAP)32 val-
ues to better understand the contribution of each variable in the
model to the overall prediction. We present SHAP values in a
beeswarm plot, where each row represents a predictor in the
model, ranked (highest to lowest) by mean absolute SHAP value.
Dots in a beeswarm plot represent the SHAP values for each par-
ticipant and predictor in the analysis. The color of the dots
denotes feature value, with higher values in orange and lower val-
ues in dark red. Predictors with a positive SHAP value positively
impact the model’s prediction of higher risk, whereas those with
negative values have a negative impact on the model’s prediction
(lower risk), and the magnitude of the SHAP value indicates how
important that variable was to the prediction.

We externally validated our predictive model in CERTAIN
data, assessing the same metrics for discrimination and calibra-
tion. In primary analyses, we assessed model performance on
the full analytic sample in CERTAIN consisting of b/tsDMARD-
naïve and experienced participants. In secondary analyses, we
restricted to b/tsDMARD-naïve participants to better align with
the characteristics of the derivation cohort, who were all treated
with their first b/tsDMARD. We also performed an additional sec-
ondary analysis refitting the model in the full sample of CERTAIN
participants.

RESULTS

A total of 1,581 participants were enrolled in BRASS, and of
these, 708 (45%) had at least one visit in which they were
recorded as being treated with their first b/tsDMARD. After
excluding 8 (1%) participants with missing demographics, the

final derivation cohort consisted of 700 (99%) participants. In
the validation cohort, 2,350 participants enrolled in CERTAIN,
of whom we excluded 2 (<1%) who had missing demographics
and 278 (12%) who met D2T-RA criteria at study entry. Our
final analytic sample for validation consisted of 2,070 (88%)
participants, of whom 1,043 (50%) were b/tsDMARD naïve
(Supplementary Figure S1).

Descriptive information on demographics and RA-related
clinical factors and PROs in each cohort are reported in Table 2.
In general, the derivation and validation cohorts had similar mean
ages (55–56 years) and similar distributions of female sex (83%–

78%). We noted differences in BMI, prevalence of cardiovascular
disease, and multiple measures of disease activity and PROmea-
sures between the derivation and validation cohorts.

In the derivation cohort, 113 (16%) participants progressed
to D2T-RA over a mean of 80 months of follow-up. In initial RSF
models, we included 45 variables and calculated VIMP values.
We removed 22 variables that had zero or negative VIMP values
to improve model performance. The final predictive model con-
sisted of 23 variables, including D2T-RA flag, follow-up time,
age, age at RA diagnosis, education, BMI categories, smoking
status, history of type 2 diabetes, history of hypertension, history
of cardiovascular disease, current prednisone use, DAS28-CRP
score, DAS28-CRP categories, CRP level, PrGA score, PrGA cat-
egories, PtGA score, SJC, MDHAQ total score, MDHAQ anxiety
scale, MDHAQ fatigue scale, MDHAQ pain scale, and RAPID3
score. An overview of all variables considered and included in final
models is presented in Supplementary Table S1. After performing
model tuning processes, the optimal settings for the final RSF
model were 1,000 trees, a terminal node size of 10, and mtry of
6. We additionally selected the default of sampling without
replacement for model training.

In the final derivation model, we observed a Harrell’s C-index of
0.64 (95% CI 0.59–0.70), standardized CRPS of 0.136, and IBS of

Table 3. Model performance metrics for random survival forests*

Metrics Derivation cohort (BRASS)

Validation cohort (CERTAIN)

Full sample b/tsDMARD-naïve subset

Sample size (ntree) 700 2,070 1,043
Number of outcomes (D2T-RA) 113 571 66
Number of trees 1,000 1,000 1,000
Terminal node size (nodesize) 10 10 10
Average number of terminal nodes 38.5 38.5 38.5
Total number of variables 23 23 23
Number of variables tried
at each split (mtry)

6 6 6

CRPS 29.4 85.14 51.7
Standardized CRPS 0.136 0.394 0.239
Integrated Brier Score (full follow-up) 0.064 0.473 0.313
Harrell’s C-index (95% CI) 0.64 (0.59–0.70) 0.62 (0.60–0.65) 0.63 (0.54–0.71)

* Sampling without replacement and log rank random splitting were used to grow trees. BRASS, Brigham and
Women’s Rheumatoid Arthritis Sequential Study; b/tsDMARD, biologic and/or targeted synthetic disease-modifying
antirheumatic drug; CERTAIN, Comparative Effectiveness Registry to Study Therapies for Arthritis and Inflamma-
tory Conditions; CI, confidence interval; CRPS, continuous ranked probability scores; D2T-RA, difficult-to-treat rheu-
matoid arthritis.

PREDICTORS OF DIFFICULT-TO-TREAT RHEUMATOID ARTHRITIS 59



0.064 (Table 3). Our visual inspection of a prediction error curve by
time indicates an overall low prediction error that only slightly
increases over time, remaining below a maximum of 0.2 (Figure 1).

In the validation cohort of the full sample, we observed that
571 (28%) participants progressed to D2T-RA over a median of

8.2 months of follow-up. We externally validated the final predic-
tive model in CERTAIN data and obtained a Harrell’s C-index of
0.62 (95% CI 0.60–0.65), standardized CRPS of 0.394, and IBS
of 0.473 (Table 3). A plot of the prediction error curve by time indi-
cates a nearly linear increase in prediction error across time, with

Figure 1. Plot of prediction error by time in BRASS and CERTAIN. These plots depict how prediction error changes over follow-up in the models.
The black reference line represents a null model (without predictors), and the red line represents RSF prediction model. Plots are provided for the
derivation cohort (BRASS) as well as the validation cohort in the full sample and in the b/tsDMARD-naïve subset. In an ideal scenario, the prediction
model would maintain a low, consistent prediction error over time and demonstrate improvement over the reference model. BRASS, Brigham and
Women’s Rheumatoid Arthritis Sequential Study; b/tsDMARD, biologic and/or targeted synthetic disease-modifying antirheumatic drug; CER-
TAIN, Comparative Effectiveness Registry to Study Therapies for Arthritis and Inflammatory Conditions; RSF, random survival forests.
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better calibration observed across shorter follow-up times
(Figure 1). In a secondary analysis, we validated the model
in a b/tsDMARD-naïve subset of participants enrolled in
CERTAIN. We observed that 66 (6%) progressed to D2T-RA

over a median of 9.5 months of follow-up. We observed a Har-
rell’s C-index of 0.63 (95% CI 0.54–0.71), standardized CRPS
of 0.239, and IBS of 0.313 (Table 3). A visual inspection of the
calibration curve suggested improvement in prediction error

Figure 2. Kaplan–Meier-like survival curves in the derivation and validation cohorts. These curves resemble a Kaplan–Meier plot in appearance
and interpretation but were constructed by obtaining and averaging the predicted probabilities for each time point from a machine learning survival
model and not a nonparametric Kaplan–Meier estimator. BRASS, Brigham and Women’s Rheumatoid Arthritis Sequential Study; b/tsDMARD,
biologic and/or targeted synthetic disease-modifying antirheumatic drug; CERTAIN, Comparative Effectiveness Registry to Study Therapies for
Arthritis and Inflammatory Conditions. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.
1002/acr.25654/abstract.
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for the first 12 to 15 months of follow-up, compared to the full
sample (Figure 1).

We present KM-like survival curves in Figure 2 for the deriva-
tion and validation cohorts that demonstrate a much steeper
decline for participants in the validation cohorts than in derivation
cohort, despite differences in follow-up. In our derivation model,
we observed that PROs for MDHAQ and PtGA scores were the
top predictors in terms of absolute mean SHAP value (Figure 3).
In general, feature value was higher for positive SHAP values, indi-
cating that greater values of the MDHAQ or PtGA score were pre-
dictive of a higher risk of D2T-RA and did not appear to be linear
across most variables. The importance and spread of top predic-
tors in our validation analysis indicated some differences. As an
example, the topmost important predictors in validation data were
the PtGA score, the MDHAQ pain subscale score, BMI >30, and
the RAPID3 score. Additionally, in validation data, smoking status,
BMI, and the RAPID3 score appeared to be more important than
they were observed to be in the derivation analysis. Finally, results
of sensitivity analyses refitting our model to CERTAIN data dem-
onstrated similar discrimination (C-index = 0.62, 95% CI 0.60–
0.65; Supplementary Table S2) and calibration to the derivation
cohort (CRPS = 0.200; IBS = 0.084).

DISCUSSION

We used data from two large prospective cohorts of individ-
uals with RA to develop and externally validate a predictive model
to identify patients at the highest risk of progressing to D2T-RA.
Overall, our predictive model demonstrated moderate discrimina-
tion and calibration in the derivation and validation cohorts. In
addition, our results indicated that top predictors of D2T-RA con-
sistently included PROs of functioning, pain, and fatigue and
PtGA scores, whereas additional predictors differed in ranking of
VIMP between the two models.

Our finding that PROs of pain, fatigue, and functioning and
PtGA scores were top predictors of progression to D2T-RA has
not been previously reported. However, a connection between
persistent unresolved pain in patients with RA treated with
b/tsDMARDs has been reported in the literature. In this prior
study, it was noted that inflammation was not able to fully explain
pain trajectories and that noninflammatory predictors, such as
greater disability and smoking history, were predictive of persis-
tent pain.33 These findings highlight the importance of integrating
PROs into predictive models and the potential clinical value of
including them in treatment-related decision-making, as they
may reflect unmeasured disease mechanisms such as central
sensitization or psychosocial burden, which influence disease
progression and treatment response. Future research should
continue to explore trajectories of PROs and risk of D2T-RA.

In addition to PROs, we identified several additional predic-
tors of D2T-RA, which included the PrGA score, obesity, and
SJC. These results have some overlap but are not in full alignment

with prior studies evaluating risk factors for D2T-RA. For example,
in a study of 672 patients with RA, investigators observed that
over a mean follow-up of 48 months, 8% of participants pro-
gressed to D2T-RA, and the primary predictors in a multivariable
adjusted logistic regression model were high baseline RF
(>156.4 IU/mL), greater DAS28 using the erythrocyte sedimenta-
tion rate (ESR), and coexisting pulmonary disease.12 In our study,
RF and extra-articular manifestations, such as pulmonary dis-
ease, were not strong predictors of D2T-RA and did not get
selected for our final model. However, we similarly observed that
the DAS28-CRP score was a top risk factor in both cohorts.
Other studies have also reported that female sex, delay in initial
treatment, higher disease activity, and/or number of prior treat-
ments are associated with risk of refractory RA.34,35 We did not
observe these same associations, as sex was not selected in
our final model based on low VIMP. We did not have a measure
for treatment delay in our cohort and were unable to assess this
risk factor. Finally, our derivation cohort consisted of participants
with RA who were treated with their first b/tsDMARD therapy,
and thus the number of prior b/tsDMARDs was not a factor.

We included conventional DMARD therapies in the derivation
model and observed that concurrent methotrexate use (meaning
in combination with b/tsDMARD) was inversely associated with
D2T-RA risk, indicating that participants who were not concur-
rently treated with methotrexate at the index date had a higher risk
of D2T-RA. However, in the validation cohort, concurrent metho-
trexate use was not identified as an important risk factor, despite
it being slightly more prevalent. We are unable to assess why
methotrexate nonuse was an important risk factor for D2T-RA,
and this should be explored in future research.

Our derivation and validation cohorts are robust longitudinal
studies of patients with RA, enriched with several clinical, labora-
tory, and PRO assessments. They also have several key differ-
ences in study design and participant characteristics. Despite
these notable differences, our results indicated moderate discrim-
ination, which was similar across both the derivation and valida-
tion cohorts. Our results also depicted slightly worsened
calibration in the validation cohort, which was improved slightly
when we restricted analyses to participants who were b/
tsDMARD naïve. These results indicate that our model effectively
distinguished between higher- and lower-risk participants but
was less accurate with individual-level predictions. However, in
the validation cohort, calibration was strongest in the first 12 to
15 months of follow-up, with adequate performance, likely reflect-
ing the greater number of observed events during this period.
Taken together, these results highlight the robustness and gener-
alizability of our model in handling variations in patient characteris-
tics. Additionally, the model’s ability to generalize to a higher-risk
population in our validation (CERTAIN) cohort enhances its clinical
utility. It is important to note that our goal was to develop and val-
idate an algorithm to predict the broad definition of D2T-RA that
EULAR intended, which captures a heterogenous mix of patients
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Figure 3. Beeswarm plot of SHAP values. These plots provide a global overview of the contribution of each of the top 15 predictors in the mod-
els. Predictors (features) are ordered vertically from highest to lowest absolute mean SHAP value, and each dot in the rows represents an individ-
ual’s SHAP value in the dataset. Feature value is indicated by color, with higher values represented by yellow colors. BMI, body mass index;
BRASS, Brigham and Women’s Rheumatoid Arthritis Sequential Study; b/tsDMARD, biologic and/or targeted synthetic disease-modifying anti-
rheumatic drug; CERTAIN, Comparative Effectiveness Registry to Study Therapies for Arthritis and Inflammatory Conditions; CRP, C-reactive pro-
tein; DAS28, Disease Activity Score in 28 joints; GT, greater than; MDHAQ, Multidimensional Health Assessment Questionnaire; Phys, physician;
Pt, patient; RAdx, rheumatoid arthritis diagnosis; RAPID3, Routine Assessment of Patient Index Data 3; SHAP, Shapley Additive Explanations;
SJC, swollen joint count. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25654/abstract.
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with RA who have inflammatory and noninflammatory evidence. It
is possible that focusing on a narrower definition of D2T-RA, such
as inflammatory D2T-RA, could improve model performance. We
were unable to assess this, as we observed very little noninflam-
matory D2T-RA in prior analyses using BRASS.18 Therefore, it is
important for future studies to continue to validate the model in
additional cohorts, including populations with differences in
characteristics and/or additional heterogeneity. Navigating het-
erogeneity across studies highlights a common challenge with
predictive modeling and the importance of training models on
diverse populations.

This study has many strengths. We used rigorous statistical
methodology on two robust longitudinal cohorts of participants
with established RA to develop and validate a predictive model
in adherence to TRIPOD+AI best practices. We also used a com-
prehensive definition of D2T-RA based on EULAR criteria and
incorporated an extensive set of commonly available clinical
and PRO risk factors in our model.

Some limitations we considered are noted herein. We har-
monized measures across cohorts to the extent possible; how-
ever, some variables were not measured equivalently. We have
noted these examples in our Methods section, which include
extra-articular manifestations, prednisone use, the MDHAQ anxiety
subscale, and erosions. In addition, ESRwas not assessed in either
of the cohorts, and thus we used the CRP level in our measures of
disease activity. The cohorts also had notable differences in clinical
characteristics, including length of follow-up and disease activity.
As we have noted, differences in characteristics and follow-up
between the derivation and validation sets did not have a substan-
tive impact on model performance and calibration. Finally, we used
RSF to build predictivemodels, but we could have selected alterna-
tive methods, such as gradient-boosted trees or extremely ran-
domized survival trees. Given that RSF is a robust method, and
our data lack high dimensionality, it is unlikely that results would
be substantially improved with alternative models.

In summary, we developed and externally validated a pre-
dictive model to identify patients with RA who are b/tsDMARD
experienced and are at highest risk of progressing to a multi-
treatment failure state of D2T-RA. Our model demonstrated
moderate performance on measures of demographics,
RA-related clinical factors, and PROs of pain, fatigue, and func-
tioning. Future research should continue to better understand
the role of pain, fatigue, and functioning in multitreatment failure
and explore additional predictors, such as candidate inflamma-
tory biomarkers, to improve model performance and assess
clinical utility.
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Trends in Opioid Prescriptions in Individuals With Axial
Spondyloarthritis in the United States and United Kingdom
in the Last Two Decades: Analysis of Electronic Health
Records and Insurance Claims Data

H. Berk Degirmenci,1 Christine E. Peloquin,1 Maggie Westerland,1 Sara Lodi,2 Pedro M. Machado,3,4

S. Reza Jafarzadeh,1 Tuhina Neogi,1,2 Lianne S. Gensler,5 Maureen Dubreuil,1 and Jean W. Liew1

Objective. Prolonged opioid use occurs in 25% of individuals with axial spondyloarthritis (axSpA). Whether intro-
duction of tumor necrosis factor inhibitors (TNFi) influenced secular trends in opioid prescription in axSpA is unknown.
We examined opioid prescription trends in axSpA, relative to nonsteroidal anti-inflammatory drugs (NSAIDs) and TNFi,
using two observational databases.

Methods. We used data from IQVIA Medical Research Database (IMRD), a UK electronic health records–based
database from 2000 to 2020, and Merative MarketScan (MarketScan), a US administrative claims-based database
from 2006 to 2021. We included adults (18–89 years, IMRD; 18–65 years, MarketScan) with axSpA. We calculated
annual prescription rates for opioids, NSAIDs, and TNFi (only in MarketScan) and estimated percentage changes in
annual prescription rates by medication class using joinpoint regression.

Results. We included 1,689 individuals from IMRD (mean age 47 years; 74% male) and 18,858 individuals from
MarketScan (mean age 45 years; 51% male). In IMRD, annual opioid prescription rates decreased by 2.5% (95% con-
fidence interval [CI] −9.1 to 1.9) between 2001 and 2007, increased by 3.9% (95% CI −3.0 to 14.2) between 2007 and
2016, and decreased by 0.4% (95% CI −11.2 to 2.9) between 2016 and 2020. In MarketScan, annual opioid prescrip-
tion rates decreased by 1.5% (95% CI −3.0 to 2.0) in 2008 to 2016 and decreased by 8.6% (95% CI −15.2 to −5.7) in
2016 to 2021. TNFi prescriptions increased by 1.8% (95% CI 1.1 to 2.5) in 2008 to 2021.

Conclusion. Opioid prescription rates remained stable over time in the United Kingdom, whereas they slightly
decreased in the United States as TNFi uptake increased. These trends may reflect a US nationwide change in guid-
ance for opioid prescriptions issued in 2016.

INTRODUCTION

Back pain is a predominant feature of axial spondyloarthritis

(axSpA), which has a prevalence of 0.9% to 1.4% among adults in

the United States and the United Kingdom.1,2 AxSpA includes

radiographic axSpA (r-axSpA; also known as ankylosing spondylitis)

and nonradiographic axSpA (nr-axSpA), differentiated by the pres-

ence of sacroiliitis detectable on conventional radiography.3 Despite

the adverse effects of prolonged opioid use, including respiratory

depression and the risk of opioid use disorder, up to quarter of peo-

ple with axSpA in the United States are prescribed long-term opi-

oids, typically defined as ≥90 cumulative days of use.4–8
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Long-term opioid use prevalence is higher in axSpA com-
pared to other rheumatic diseases such as rheumatoid arthri-
tis (RA) and systemic lupus erythematosus (SLE), which have
estimated prevalences of long-term opioid use of 19% and
16%, respectively.9 Contributing factors to long-term opioid
use in axSpA may include a diagnostic delay averaging around
six years, persistent disease activity despite appropriate
treatment, and lower likelihood of initial tumor necrosis factor
inhibitor (TNFi) continuation among opioid users.10,11

Although treatment options for axSpA have improved over
the past two decades, including the introduction and approval
of TNFi in the 2000s, opioid use remains common. A US
population-based study identified back pain as a primary
reason for opioid use among individuals with musculoskeletal
conditions.12 Although the US Centers for Disease
Control and Prevention (CDC) recommend limiting prolonged
opioid use for noncancer pain, specific recommendations
regarding opioid prescription in axSpA are lacking in guide-
lines from the American College of Rheumatology (ACR),
EULAR, and Pan American League of Associations for
Rheumatology.3,4,7,13,14

Despite the increased prescription of biologics for axSpA
since their approval, a US claims-based study15 showed that opi-
oid prescriptions did not decline between 2006 and 2016. A
recent UK electronic medical record (EMR)–based study also
reported stable trends in opioid prescriptions among patients with
axSpA.16 These findings are contrary to the expectation that,
with rising prescriptions and more common usage of TNFi for
axSpA, opioid prescriptions should have declined with improved
control of disease activity and thus of chronic back pain. Although
existing studies in the United Kingdom and the United States
assessing opioid use in axSpA evaluated changes in opioid pre-
scriptions, neither were able to fully address the extent to which
opioid prescription rates may have changed since TNFi approval
for axSpA in both countries and whether there was a difference
in trends between the two countries.

To address the knowledge gap from prior studies, we aimed
to investigate trends in annual prescription rates for opioids
among individuals with axSpA over a specified time period that
included the introduction of biologic therapies for axSpA, specifi-
cally TNFi. We leveraged two different observational data sources
spanning two decades: IQVIA Medical Research Database
(IMRD), an EMR-based database from the United Kingdom, and
Merative MarketScan (MarketScan), a claim-based database
from the United States. In contrast to prior studies indicating sta-
bility in opioid prescriptions, we hypothesized that opioid pre-
scriptions would decrease following the introduction and rising
uptake of TNFi therapies in both the United Kingdom and the
United States.

METHODS

Study design and data sources. We conducted an eco-
logical study using two different observational databases from
the United Kingdom and the United States. IMRD, incorporating
THIN, a Cegedim database, is an EMR-based database repre-
sentative of the UK population. IMRD includes data from more
than 17 million patient records. The database holds patient
demographic information, prescribed medication, diagnoses, lab-
oratory test results, and additional information such as lifestyle
factors, body mass index (BMI), and vaccinations as recorded in
general practices.17 The use of IMRD for research was approved
by the NHS Health Research Authority (NHS Research Ethics
Committee ref 23/EM/0151) for medical and public health
research.18 This study received Scientific Review Committee
approval (21SRC053).

The Merative MarketScan Databases (referred to as Market-
Scan hereafter) is one of the largest collections of deidentified
patient-level claims data in the United States on approximately
273 million unique patients with employer-sponsored insurance
and their dependents. The database includes encounter-level
services data from outpatient, emergency department, inpatient,
pharmacy, and laboratory claims.19

SIGNIFICANCE & INNOVATIONS
• Despite the introduction and availability of effective

biologic therapies for axial spondyloarthritis
(axSpA), including tumor necrosis factor inhibitors
(TNFi), prolonged opioid use occurs in approxi-
mately 25% of this population. This ongoing reli-
ance on opioids represents significant public
health concern given their known adverse effects.
Whether opioid use has declined in the two decades
since the introduction and approval of TNFi for
axSpA remains unclear from prior studies.

• To more comprehensively describe and evaluate
annual prescription rates for opioids, nonsteroidal
anti-inflammatory drugs (NSAIDs), and TNFi over
time for individuals with axSpA, we used two large
observational databases from the United Kingdom
and the United States (IQVIA Medical Research
Database and MarketScan, respectively) that
included data spanning two decades. We employed
joinpoint regression to detect changes over time in
annual prescription rates and determine whether
trends in opioid prescribing mirrored changes for
NSAID and TNFi prescriptions.

• Our findings reveal that TNFi prescriptions
increased over time in the United States, as
expected. However, opioid prescription trends
diverged, remaining stable in the United Kingdom
but declining over time in the United States. This
decline is more likely attributable to national opioid
prescribing guidelines introduced by the US Centers
for Disease Control and Prevention in 2016 rather
than a direct consequence of higher TNFi uptake
among individuals with axSpA.
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Study population. Inclusion. In IMRD, we identified a
cohort of adults with axSpA aged 18 and 89 years enrolled in a
general practitioner (GP) practice from 2000 to 2020. In Market-
Scan, we identified a cohort of adults with axSpA aged 18 to
65 years from 2006 to 2021. AxSpA was defined as at least two
diagnostic Read codes for ankylosing spondylitis seven or more
days apart in IMRD20 and as at least two International Classifica-
tion of Diseases, Ninth or Tenth Revision (ICD-9 or ICD-10) diag-
nostic codes for ankylosing spondylitis seven or more days apart
in MarketScan. This definition of axSpA was previously found to
have an 89% positive predictive value (indicating their ability to
correctly identify a condition when the condition is present) for
identifying ankylosing spondylitis (r-axSpA).21 For this study, we
included only these diagnostic codes because over the course
of our study period, the available diagnostic codes were for anky-
losing spondylitis (r-axSpA), and individuals with nr-axSpA would
have been labeled with the same codes by clinicians. The specific
ICD-10 code for nr-axSpA (M45.A) was officially approved21–23

on October 1, 2021. Finally, we required continuous enrollment
for two or more years before patients met inclusion criteria for
axSpA to allow for the measurement of demographic and clinical
variables.

Exclusion. To mitigate potential misclassification of axSpA,
we excluded individuals with RA, identified by at least two diag-
nostic (Read or ICD) codes within two years before axSpA
diagnosis.24 To address indications for prolonged opioid use
other than axSpA, including the use of opioids for pain manage-
ment in individuals with a history of malignancy, we excluded indi-
viduals with any diagnostic codes for malignancy (excluding
benign tumors and nonmelanoma skin cancer) within two years
before the axSpA diagnosis date, defined as the second qualify-
ing diagnostic code for axSpA. This also reflects exclusion criteria
from a prior study by Jani et al, which examined opioid prescrip-
tion trends using the UK Clinical Practice Research Datalink
(CPRD).25 We were not able to specifically identify indications for
opioid use such as surgery or trauma for exclusion (see Supple-
mentary Items A and B for Consolidated Standards of Reporting
Trials (CONSORT) diagrams depicting the data selection
process).

Outcomes. In both databases, we extracted prescription-
and person-level information, including the drug name, formula-
tion, route of administration, dosage, quantity, and prescription
dates (IMRD) or dispense dates (MarketScan). Opioids were our
primary medication class of interest; for the comparators, we
extracted data related to nonsteroidal anti-inflammatory drugs
(NSAIDs) (IMRD and MarketScan) and TNFi (available in Market-
Scan only). We did not include conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) as a comparator
because they are not recommended in the management of axial
disease in spondyloarthritis.3,13,14 Follow-up began at the axSpA
diagnosis date and ended at the earliest date of a code for

malignancy, end of life, palliative care, hospice care (per previ-
ously published algorithms26), death, or database closure
(December 2020 for IMRD; December 2021 for MarketScan).
For IMRD, follow-up could also end at age 90 years, with the indi-
vidual transferring out of their GP practice, or on the last date the
GP contributed data to IMRD.

Medications of interest. Opioids. We included oral for-
mulations for opioids, including tramadol. We excluded metha-
done because it is primarily used for the treatment of substance
use disorders.25 We included topical formulations of fentanyl and
excluded intravenous and intranasal formulations (see full list in
Supplementary Item C).

NSAIDs and TNFi. We included oral formulations of selective
cyclooxygenase 2 inhibitors and nonselective NSAIDs (see full list
in Supplementary Item C). Biologic prescriptions are poorly cap-
tured in IMRD because this database does not capture consultant
(specialist) data, and GPs do not routinely prescribe biologics.
Thus, we extracted information about TNFi prescriptions from
MarketScan only. TNFi included adalimumab, certolizumab, etan-
ercept, golimumab, and infliximab. TNFi use was determined
through a combination of pharmacy claims and Current Proce-
dural Terminology codes on medical claims for infusions.

Annual prescription rates. In IMRD and MarketScan
separately, we calculated annual prescription rates (the number
of opioid prescriptions divided by the total person-years for each
calendar year) for opioids and for NSAIDs (IMRD andMarketScan)
and TNFi (available in MarketScan only) as comparators.

Opioid strength (daily morphine milligram
equivalents). The strength of prescribed opioids was quantified
by daily morphine milligram equivalents (MMEs). For each opioid
prescription, the daily dose was multiplied by the MME conver-
sion factor for the corresponding drug group.4,27,28 When the
daily dose information was missing, the imputed median daily
dose for that opioid type was used. For example, an oxycodone
5-mg prescription (correlating to an MME of 7.5) with a daily dose
of four times daily was calculated as follows: a daily dose of four
multiplied by an MME conversion factor of 7.5, resulting in a daily
MME of 30. We reported annual trends for opioid daily MMEs
using prescription-level data in IMRD and MarketScan separately
(see Supplementary Items D and E for further information).

Opioid duration (days’ supply). The duration of opioid
prescriptions was assessed as days’ supply per prescription.
For each opioid prescription, days’ supply data were directly
extracted from MarketScan. In IMRD, days’ supply was calcu-
lated from prescription quantity and daily dose. On prescriptions
with missing daily dose, the daily dose was imputed to the mean
daily dose for the opioid drug type. We reported annual trends
for opioid prescription median days’ supply using prescription-
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level data in IMRD and MarketScan separately (see Supplemen-
tary Items D and F for further information).

Covariates. To describe the study population, we extracted
demographic and clinical characteristics, including age, sex, other
treatments for axSpA, and the presence of comorbidities relevant
to both opioid use and axSpA. These comorbidities included cor-
onary artery disease (CAD), chronic kidney disease (CKD), diabe-
tes mellitus, hypertension, tobacco use, alcohol use, and obesity
(defined as BMI ≥30). Comorbidities were defined by the pres-
ence of at least one diagnostic code any time before the axSpA
diagnosis date. Treatments for axSpA (eg, glucocorticoids,
csDMARDs, TNFi) were defined as any prescription within one
year before the axSpA diagnosis date. We also extracted prior
opioid use, defined as any prior opioid prescription within two
years before the axSpA diagnosis date.

Statistical analysis. Based on the data available in IMRD,
we examined outcomes between 2001 and 2020. In MarketScan,
we examined outcomes between 2008 and 2021.

Joinpoint regression analysis. To examine the trends in
annual opioid prescription rates, we used joinpoint regression
analysis, using the method recommended by the National Cancer
Institute and the Joinpoint Trend Analysis software (v.5.2.0).29

Joinpoint regression is a data-driven statistical method used to
identify points (joinpoints) where a trend changes significantly. It
allows us to estimate the potential number and locations of join-
points based on the Bayesian information criterion, a penalized
likelihood criterion that balances model fit and complexity. It
involves Monte Carlo permutations to assess the statistical signif-
icance of the identified joinpoints by comparing the observed fit to
a distribution of fits obtained from random permutations of the
data.30–32 Under a Poisson distribution, the model allows us to
estimate the annual percent change (APC) for each segment that
quantified the rate of change in prescription rates (opioids,
NSAIDs, and TNFi separately). The average APC (AAPC), which
represents the overall trend over a prespecified time interval (eg,
the entire study period) and is valid without assuming linearity in
trends over time (ie, even when the trend changes joinpoints),
was also calculated for the full time period for prescription rates
to provide a single summary estimate of the overall trend and to
complement the segment-specific APCs.

Sensitivity analyses. Although the joinpoint regression mod-
els agnostically estimate the optimal number of joinpoints for each
medication’s annual prescription rate trend, results may not be
clinically relevant or easily interpretable. As a sensitivity analysis,
we prespecified that models include one joinpoint for each medi-
cation category for joinpoint regression analyses in IMRD and
MarketScan, with the assumption that two time trends may be
more clinically interpretable.

Ethical approval. Because this study involved the analysis
of pre-existing deidentified data, it was deemed exempt from
requiring institutional review board approval (Boston University
Medical Campus IRB H-42058).

RESULTS

Demographic and clinical characteristics. In the UK
IMRD cohort, we identified 1,689 eligible individuals with axSpA
(mean age 47 years, 74% male, median follow-up time of
5.6 years [interquartile range (IQR) 2.5–9.9 years]). Of these,
18.9% had hypertension, 4.6% had diabetes mellitus, 5.9% had
CAD, and 3.4% had CKD. csDMARD use was present in
10.5%, glucocorticoid use was present in 10.5%, NSAID use
was present in 71.7%, and any prior opioid use (in the prior two
years) was present in 54.1% (Table 1). In the US MarketScan
cohort, we identified 18,858 eligible individuals with axSpA (mean
age 45 years, 51% male, median follow-up time of 1.7 years [IQR
0.7–3.3 years]). Comorbidities were more common compared to
the UK cohort: 38.8% had hypertension, 14.2% had diabetes
mellitus, 13.3% had CAD, and 8.6% had CKD. csDMARD use
was present in 13.6%, and any prior opioid use was present in
53.8%, which were similar to the UK cohort, though there was
more glucocorticoid use (40.3%) and less NSAID use (52.3%)
(Table 1).

Annual prescription rates. In the IMRD cohort, the
annual opioid prescription rate per person-year was 3.24 in
2001 and 3.86 in 2020 (Supplementary Item G). Joinpoint

Table 1. Demographic and clinical characteristics from IMRD
(United Kingdom) and MarketScan (United States) databases*

IMRD
(2000–2020)

MarketScan
(2006–2021)

Number of individuals 1,689 18,858
Mean age (SD), y 47 (14.1) 45 (12)
Male, % 74 51
Median follow-up time (IQR), y 5.6 (2.5–9.9) 1.7 (0.7–3.3)
Hypertension, % 18.9 38.8
Diabetes mellitus, % 4.6 14.2
Coronary artery disease, % 5.9 13.3
Chronic kidney disease, % 3.4 8.6
Current/former tobacco use, % 48.5 10.9
Current/former alcohol use, % 68.0 3.0
Obesity, % 17.6 19.6
csDMARD use, % 10.5 13.6
Glucocorticoid use, % 10.5 40.3
NSAID use, % 71.7 52
Any prior opioid use, % 54.1 53.8%

* Obesity was defined as body mass index of 30 or higher. Comor-
bidities were captured any time before the axSpA diagnosis date.
Medications were captured within one year before the axSpA diag-
nosis date. Any prior opioid use was captured within two years
before the axSpA diagnosis date. axSpA, axial spondyloarthritis;
csDMARD, conventional synthetic disease-modifying antirheumatic
drug; IMRD, IQVIA Medical Research Database; IQR, interquartile
range; NSAID, nonsteroidal anti-inflammatory drug.
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regression analysis identified two inflection points resulting in
three segments for opioids, showing a decreasing trend by
2.5% annually (APC −2.5, 95% confidence interval [CI] −9.1 to
1.9) from 2001 to 2007, a rising trend by 3.9% annually (APC
3.9, 95% CI −3.0 to 14.2) from 2007 to 2016, and lastly a near-
stable downtrend in opioid prescription rates by 0.4% (APC
−0.4, 95% CI −11.2 to 2.9) from 2016 to 2020 (Figure 1,
Table 2), with non–statistically significant changes in all three seg-
ments. The annual NSAID prescription rate per person-year was
5.72 in 2001 and 2.68 in 2020. Joinpoint regression analyses
identified three joinpoints resulting in four segments for NSAIDs,
showing a statistically significant decrease by 6.5% annually
(APC −6.5, 95% CI −10.5 to −2.3) between 2001 and 2006, then
a significant decrease by 3.7% annually (APC −3.7, 95% CI −8.1
to −0.4) between 2006 and 2010, a nonsignificant decrease by
1.1% annually (APC −1.1, 95% CI −7.0 to 2.3) between 2010
and 2015, and finally a significant decrease by 4.1% (APC −4.1,
95% CI −7.9 to −0.1) between 2015 and 2020. For the entire time
period of 2001 to 2020, the AAPC for opioids in IMRD reflected a
statistically significant increase of 0.9% annually (AAPC 0.9, 95%
CI 0.8 to 1.6), whereas the AAPC for NSAIDs showed a significant
decrease of 3.9% annually (AAPC −3.9, 95% CI −4.2 to −3.6).

In the MarketScan cohort, the annual opioid prescription rate
per person-year decreased by 2.97 in 2008 to 1.74 in 2021
(Supplementary Item H). Joinpoint regression identified one inflec-
tion point resulting in two segments for opioids, showing a non–

statistically significant decrease of 1.5% annually (APC −1.5,
95% CI −3.0 to 2.0) from 2008 to 2016, followed by a significant
decline of 8.6% annually (APC −8.6, 95% CI −15.2 to −5.7) from
2016 to 2021 (Figure 2, Table 2). NSAID prescriptions also statis-
tically significantly declined from 1.92 in 2008 to 1.60 in 2021,
with a 1.1% annual decrease (APC −1.1, 95% CI −1.9 to −0.2)
over the entire period, without identified joinpoints. TNFi prescrip-
tions statistically significantly increased from 1.91 in 2008 to 2.46
in 2021, showing a 1.8% annual increase (APC 1.8, 95% CI 1.1 to
2). For the entire time period of 2008 to 2021, the AAPC for opi-
oids in MarketScan showed a statistically significant decrease of
4.3% annually (AAPC −4.3, 95% CI −5.5 to −3.1), whereas
NSAIDs significantly declined by 1.1% annually (AAPC −1.1,
95% CI −1.9 to −0.2), and TNFi significantly increased by 1.8%
annually (AAPC 1.8, 95% CI 1.2 to 2.5). Results were similar in
sensitivity analyses for both cohorts using prespecified models
for one joinpoint for each medication category (Supplementary
Items I and J).

Opioid duration and strength. For both cohorts, opioid
prescription days’ supply and daily MMEs were numerically
higher at the end of the study period compared to the start. In
IMRD, the median days’ supply for opioid prescriptions was
17 days in 2001 and 22 days in 2020. In MarketScan, the median
days’ supply for opioid prescriptions was 13 days in 2008 and
30 days in 2021. In IMRD, the median opioid daily MME was

Figure 1. Opioid annual prescription rates (per person-year) over time in IMRD (United Kingdom). The figure shows the plot of the data points for
opioid and NSAID prescription rates by year, with regression lines fit by joinpoint regression. The slope of each segment’s regression line is the
APC. Joinpoints are identified by model fit statistics for when trends change. APC, annual percent change for prescription rate per person-year;
IMRD, IQVIA Medical Research Database; NSAID, nonsteroidal anti-inflammatory drug. *, statistically significant.

DEGIRMENCI ET AL70



T
ab

le
2.

Tr
en

ds
in
m
ed

ic
at
io
n
pr
es
cr
ip
tio

n
ra
te
s
by

da
ta

so
ur
ce

*

D
at
as
et

(y
)

P
re
sc
ri
p
tio

n
ra
te

(s
ta
rt
)

Pr
es
cr
ip
tio

n
ra
te

(e
nd

)
A
A
PC

%
(9
5%

C
I)

Tr
en

d
1,

A
PC

%
(9
5%

C
I)

Tr
en

d
2,

A
PC

%
(9
5%

C
I)

Tr
en

d
3,

A
PC

%
(9
5%

C
I)

Tr
en

d
4,

A
PC

%
(9
5%

C
I)

O
p
io
id
s

IM
R
D
(2
00

1–
20

20
)

3.
24

3.
86

0.
9
(0
.8

to
1.
6)

20
01

–
20

07
:−

2.
5
(−
9.
1
to

1.
9)

20
07

–
20

16
:3

.9
(−
3.
0
to

14
.2
)

20
16

–
20

20
:−

0.
4

(−
11

.2
to

2.
9)

n/
a

M
ar
ke

tS
ca
n
(2
00

8–
20

21
)

2.
97

1.
74

−
4.
3
(−
5.
5
to

−
3.
1)

20
08

–
20

16
:−

1.
5
(−
3.
0
to

2.
0)

20
16

–
20

21
:−

8.
6
(−
15

.2
to

−
5.
7)

n/
a

n/
a

N
SA

ID
s

IM
R
D
(2
00

1–
20

20
)

5.
72

2.
68

−
3.
9
(−
4.
2
to

−
3.
6)

20
01

–
20

06
:−

6.
5
(−
10

.5
to

−
2.
3)

20
06

–
20

10
:−

3.
7
(−
8.
1
to

−
0.
4)

20
10

–
20

15
:−

1.
1

(−
7.
0
to

2.
3)

20
15

–
20

20
:−

4.
1

(−
7.
9
to

−
0.
1)

M
ar
ke

tS
ca
n
(2
00

8–
20

21
)

1.
92

1.
60

−
1.
1
(−
1.
9
to

−
0.
3)

20
08

–
20

21
:−

1.
1
(−
1.
9
to

−
0.
2)

n/
a

n/
a

n/
a

TN
Fi M
ar
ke

tS
ca
n
(2
00

8–
20

21
)

1.
91

2.
46

1.
8
(1
.2

to
2.
5)

20
08

–
20

21
:1

.8
(1
.1

to
2.
5)

n/
a

n/
a

n/
a

*
Th

e
p
re
sc
ri
p
ti
o
n
ra
te

w
as

d
efi

n
ed

as
th
e
n
u
m
b
er

o
f
p
re
sc
ri
p
ti
o
n
s
p
er

p
er
so

n
-y
ea

r.
P
er
so

n
-y
ea

rs
w
er
e
ca

lc
u
la
te
d
fo
r
ea

ch
in
d
iv
id
u
al

b
y
su

m
m
in
g
th
e
to
ta
ld

u
ra
ti
o
n
o
f
fo
llo

w
-u
p
,f
ro
m

th
e
d
at
e
o
fa

xS
p
A
d
ia
gn

o
si
s
to

th
e
en

d
o
ft
h
e
st
u
d
y,
th
e
la
st

av
ai
la
b
le

fo
llo

w
-u
p
d
at
e,

o
r
th
e
u
se

o
fa

n
y
d
ia
gn

o
st
ic
co

d
es

fo
r
th
e
fo
llo

w
in
g:

m
al
ig
n
an

cy
,e

n
d
o
fl
ife

,p
al
lia

ti
ve

ca
re
,o

r
h
o
sp

ic
e

ca
re
.R

es
u
lt
s
o
fj
o
in
p
o
in
tr
eg

re
ss
io
n
an

al
ys
es

fo
r
ea

ch
m
ed

ic
at
io
n
cl
as

s
an

d
ea

ch
d
at
a
so

u
rc
e
ar
e
p
re
se

n
te
d
as

th
e
A
P
C
w
it
h
95

%
C
I(
ra
te

o
fc

h
an

ge
in

p
re
sc
ri
p
ti
o
n
ra
te
s)
fo
r
ea

ch
se

gm
en

t
(t
re
n
d
).
Th

e
A
A
P
C
re
p
re
se

n
ts

th
e
tr
en

d
o
ve

r
th
e
en

ti
re

ti
m
e
p
er
io
d
as

a
si
n
gl
e
su

m
m
ar
y
es

ti
m
at
e
o
ft
h
e
o
ve

ra
ll
tr
en

d
.A

A
P
C
,a

ve
ra
ge

an
n
u
al

p
er
ce

n
tc

h
an

ge
;A

P
C
,a

n
n
u
al

p
er
ce

n
tc

h
an

ge
fo
r
p
re
sc
ri
p
ti
o
n
ra
te

p
er

p
er
so

n
-y
ea

r;
ax

Sp
A
,
ax

ia
l
sp

o
n
d
yl
o
ar
th
ri
ti
s;

C
I,
co

n
fi
d
en

ce
in
te
rv
al
;
IM

R
D
,
IQ

V
IA

M
ed

ic
al

R
es

ea
rc
h
D
at
ab

as
e;

n
/a
,
n
o
t
ap

p
lic
ab

le
;
N
SA

ID
,
n
o
n
st
er
o
id
al

an
ti
-

in
fl
am

m
at
o
ry

d
ru

gs
;T

N
Fi
,t
u
m
o
r
n
ec

ro
si
s
fa
ct
o
r
in
h
ib
it
o
rs
.

OPIOID PRESCRIPTIONS IN AXIAL SPONDYLOARTHRITIS 71



20 MME/day in 2001 and 27 MME/day every year from 2002 to
2020. In MarketScan, the median opioid daily MME was
7 MME/day in 2008 and 22.5 MME/day in 2021 (Supplementary
Items E, F, K, and L).

DISCUSSION

In this analysis of two large observational databases from the
United Kingdom and the United States, we observed that opioid
prescription rates for patients with axSpA were about three per
person-year and remained stable in the United Kingdom, whereas
they were slightly declining in the United States, particularly after
2016. This decrease in the United States might likely be attributed
to the 2016 CDC guidelines, which prompted a broad reduction
in opioid prescriptions nationwide.7,33 Furthermore, the fall in opi-
oid prescriptions in both countries was not directly paralleled with
a commensurate increase in TNFi prescriptions in the
United States, again supporting the notion that these represent
secular trends of prescribing practices rather than decreases in
chronic pain prevalence.

AxSpA, which affects approximately 1% of US adults, shares
a similar prevalence with that of RA.1 Opioid use is particularly

more common in axSpA compared to other rheumatic diseases,
and it is associated with increased health care use, including,
but not limited to, more hospitalizations, acute care, and outpa-
tient visits.9,34 Chronic pain and functional impairment in axSpA
contribute to a high frequency of opioid use, about 25% accord-
ing to US data5 from 2012 to 2017. Opioid use in this group leads
to higher health care use and doubling of medical costs.34,35

When compared to age- and sex-matched patients with
hypertension, patients with axSpA have a higher relative risk of
long-term opioid use compared to those with other rheumatic dis-
eases such as RA and SLE (relative risk of 2.73 in axSpA vs 2.21
[RA] and 1.82 [SLE]).9

Although opioids provide symptomatic relief, they do not
address underlying inflammation, potentially delaying diagnosis
and contributing to higher rates of TNFi treatment failure.5,6,11

Opioid users with axSpA are less likely to persist on TNFi treat-
ment, as seen in both MarketScan and OptumClinformatics stud-
ies.11,36 The 2019 ACR/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network guideline
and the 2022 Assessment of SpondyloArthritis international Soci-
ety (ASAS)-EULAR recommendations caution against long-term
opioid use but do not offer specific recommendations.3,13 A sys-
tematic review highlighted the lack of evidence supporting strong

Figure 2. Opioid annual prescription rates (per person-year) over time in MarketScan (United States). The figure shows the plot of the data points
for opioid, NSAID, and TNFi prescription rates by year, with regression lines fit by joinpoint regression. The slope of each segment’s regression line
is the APC. Joinpoints are identified by model fit statistics for when trends change. APC, annual percent change for prescription rate per person-
year; NSAID, nonsteroidal anti-inflammatory drug; TNF-i, tumor necrosis factor inhibitor. *, statistically significant. Color figure can be viewed in the
online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25655/abstract.
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opioids in managing inflammatory arthritis pain, advising caution
due to the risks associated with prolonged use.37

In our study, we observed a steady rise in TNFi prescriptions
in the United States from 2008 to 2021, increasing by nearly 2%
per year over this period and reflecting the growing use of TNFi
in axSpA management. With the increasing use of biologics for
axSpA, one might expect concurrent improvements in chronic
pain management. A Finnish registry-based study did report
reduced opioid use following biologic DMARD initiation,12 though
differences in health care systems may limit generalizability of
these findings to UK and US populations. In the United Kingdom,
reductions in NSAID use have outpaced declines in opioid pre-
scribing16—an effect that may be partly attributed to the 2004
guidance issued by the UK Medicines and Healthcare Products
Regulatory Agency on NSAID safety,38 consistent with our
results. Our study found that opioid prescribing in the
United Kingdom since 2016 has remained relatively stable for
individuals with axSpA, mirroring trends in the general popula-
tion.39 A USMarketScan study using data from 2006 to 2016 also
showed stable opioid prescriptions for patients with axSpA,
whereas TNFi use increased and NSAID use decreased.7,15 Our
study, which includes more recent data since 2016, showed a
slight subsequent decline in US opioid prescriptions, likely reflect-
ing the impact of the CDC’s 2016 guidelines aimed at reducing
opioid use nationally.33

Despite this decline in prescription rates over time, we noted
longer opioid prescription durations and increased strength as
measured by daily MME. The 2016 CDC clinical practice guide-
line7 for prescribing opioids and the 2022 ASAS-EULAR recom-
mendations13 for axSpA caution against long-term opioid use for
chronic pain. The 2022 CDC clinical practice guideline4 for pre-
scribing opioids highlights that the risk of long-term opioid use at
follow-up after initiation for short-term use for acute pain might
be greater with higher dosages and a longer initial duration of
exposure, calling for careful interpretation of the slight decline in
opioid prescriptions in the United States after 2016. This modest
decline in prescription rates may be offset by prescriptions of lon-
ger duration and greater strength. Both UK and US cohorts
showed a numerical increase in opioid prescription strength over
time, with our study demonstrating an average daily MME lower
than the UK CPRD study by Huang et al,8 which reported daily
MMEs of 34 to 35. Despite minor differences, these studies high-
light the increasing strength of opioids prescribed to patients with
axSpA, raising concerns about the potential for opioid-related
adverse events. Prolonged opioid use at higher doses is associ-
ated with greater risks of emergency visits, hospital readmissions,
and death.40,41 Additionally, the general UK population saw a sig-
nificant rise in oral morphine equivalency during a similar period.39

The reasons behind persistent opioid use in axSpA remain
unclear. The Prospective Study of Outcomes in Ankylosing Spon-
dylitis (PSOAS) identified older age, comorbidities, functional
impairment, and subjective disease activity as risk factors for

prolonged opioid use, with an inverse (but not statistically signifi-
cant) association with TNFi usage.6 A more recent UK CPRD
study found similar risk factors, indicating that noninflammatory
pain driven by comorbidities or chronic damage from inflamma-
tory arthritis may contribute to opioid prescriptions.12 Despite
improvements in treatment, significant unmet needs persist in
managing chronic pain in axSpA, including, but not limited to,
addressing fibromyalgia in patients with axSpA, which is esti-
mated to be around42 20%.

Our study has several limitations. First, it is observational,
using administrative claims (MarketScan, United States) and GP-
entered records (IMRD, United Kingdom), each with specific con-
straints. MarketScan excludes individuals without commercial
insurance, limiting generalizability to the full US population, such
as those on Medicare or Medicaid, whereas IMRD lacks informa-
tion on biologic prescriptions. Both data sources lack information
on axSpA disease duration, severity, or activity, as well as func-
tional measures. We used similar algorithms to identify axSpA
cohorts in both databases, but coding may vary between data
sources. Second, misclassification of axSpA based on diagnostic
codes is possible, potentially leading to underestimation and/or
overestimation of disease prevalence and baseline characteris-
tics, although we employed a validated approach to minimize
this.21 By excluding individuals with RA codes, specificity for
axSpA was increased at the cost of sensitivity. Third, opioid indi-
cations and prescribing specialties were not captured, but we
excluded individuals with conditions that typically require opioids,
such as malignancy. We did not include methadone prescriptions
given its use in substance use disorder. However, we could not
identify non–axSpA-related indications such as surgery and
trauma for opioid prescriptions for exclusion. Although we consid-
ered overcoming this potential bias by analyzing short-acting ver-
sus long-acting formulations separately, this stratification was
insufficient to fully distinguish short-term from long-term indica-
tions for opioid use across databases. Fourth, over-the-counter
NSAID use cannot be accurately assessed in either the US or
the UK database, leading to potential underestimation of
NSAID use. Fifth, we did not directly compare opioid use with
that of the general populations in the United States and
United Kingdom but have referenced prior literature for indirect
comparisons. Finally, this descriptive study was intended to
examine opioid use trends at the ecological level; therefore,
individual-level adjustments were not performed, which pre-
cludes our ability to assess the influence of concomitant condi-
tions or the impact of changes in patient characteristics over
time on prescription rate trends.

The strength of our study lies in its assessment of longitudinal
trends in opioid, NSAID, and TNFi prescription rates across UK
and US data. Our study period spans the increasing use of bio-
logic therapies for axSpA, allowing for comparison of opioid and
NSAID trends. Joinpoint regression analyses identified inflection
points in prescription trends, and we additionally reported trends
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in opioid prescription durations and strengths, providing a com-
prehensive assessment of opioid use burden.

Our findings highlight that despite increased TNFi use over
the past two decades, opioid prescribing trends have remained
stable in the United Kingdom and have only modestly declined in
the United States, likely due to national opioid prescribing policies
rather than biologic uptake. These results underscore the need for
continued efforts to better understand and address persistent
opioid use in axSpA, even in the context of improved disease-
modifying treatment options. Continuing to identify and address
modifiable factors driving prolonged opioid use in this population
is crucial.
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Effect of Early Tumor Necrosis Factor Inhibitor Initiation on
Chronic Opioid Use in Individuals With
Axial Spondyloarthritis

Eva Petrow,1 Jose A. Meade-Aguilar,1,2 Christine Peloquin,1 S. Reza Jafarzadeh,1 Tuhina Neogi,1

Maureen Dubreuil,1,3 and Jean Liew1

Objective. Opioid use remains common despite effective therapies for axial spondyloarthritis (axSpA). We
assessed whether early tumor necrosis factor inhibitor (TNFi) use is associated with reduced risk of chronic opioid use.

Methods. Using the Merative MarketScan Commercial Database containing health insurance billing claims data,
we conducted a time-stratified, propensity score (PS)–matched cohort study of adults aged 18 to 65 years with axSpA.
Early TNFi exposure was defined using pharmacy and medical claims as any incident TNFi use within 6 months of
axSpA diagnosis. We used PSs to match early TNFi users 1:1 to those not starting a TNFi within 6 months in 1-year
cohort accrual blocks. We compared the risk of chronic opioid use (≥90 days’ prescription) among early TNFi users
versus comparators using Cox proportional hazard models, overall and stratified by prior opioid use (within 12 months).

Results. We included 8,508 individuals with axSpA after PS matching (4,254 early TNFi initiators and 4,254 com-
parators) with a mean age of 42 years; 50% were female. Chronic opioid use occurred in 20.9% (22.3% early TNFi ini-
tiators and 19.6% comparators). Early TNFi initiators had 17% higher risk of chronic opioid use versus matched
comparators (95% confidence interval [CI] 1.06–1.28), with higher risk of chronic opioid use for early TNFi initiators in
the opioid-naive but not in the opioid-experienced stratum (hazard ratio [HR] 1.96; 95% CI 1.41–2.74 vs HR 1.06;
95% CI 0.96–1.17).

Conclusion. Early TNFi initiation was not associated with reduced risk of chronic opioid use versus later or no TNFi
initiation. Confounding by indication in administrative claims data limit result interpretation.

INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic inflammatory dis-

ease primarily affecting the axial skeleton, including the sacroiliac

joints and spine, which causes significant pain and disability.1

Although inflammation constitutes a major driver of pain in

patients with axSpA, pain may be present in the absence of

inflammation, is often multifactorial in origin, andmay include bony

damage or neuropathic pain.2 First- and second-line treatments

recommended by international guidelines for axSpA management

focus on controlling inflammation, primarily through nonsteroidal

anti-inflammatory drugs (NSAIDs) as initial pharmacotherapy,

and tumor necrosis factor inhibitor (TNFi) or interleukin-17 inhibi-

tor (IL-17i) therapy in patients who respond inadequately to

NSAIDs.3,4

Not all patients with newly diagnosed axSpA achieve ade-

quate symptom control with NSAIDs, and the presence of cardiac

or kidney comorbidities limit their use.5 A recent study showed

that up to one-third of patients with axSpA continue to experience

significant pain despite maximizing NSAID therapy.6,7 Given this,

it is not surprising that the chronic use of opioids among people

with axSpA is common, with a prevalence of 23.5% when
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identified using commercial claims data and a prevalence of

57.1% using Medicaid claims.8 Relative to people with other rheu-

matic and musculoskeletal diseases, individuals with axSpA were

nearly three times as likely to receive long-term opioid prescrip-

tions.9 Beyond the risk for developing opioid use disorder, chronic

opioid use is also associated with increased multimorbidity,10

health care utilization,11 reduced quality of life, and death.12

Prior observational studies have identified risk factors associ-
ated with chronic opioid use among patients with axSpA, which
include smoking, prior substance use disorder, a higher Charlson
comorbidity index, depression, and anxiety.10,13 Nonetheless,
there is a paucity of recommendations directly addressing the
use of opioid analgesics among individuals with axSpA. For
example, opioid usage was not addressed by the American Col-
lege of Rheumatology/Spondylitis Association of America/
Spondyloarthritis Research and Treatment Network treatment
guidelines,3 whereas the Assessment of SpondyloArthritis Inter-
national Society/EULAR guidelines recommend cautious use of
opioids and opioid-like drugs based on expert opinion.4

Therefore, a significant knowledge gap remains as to
whether earlier initiation of current guideline-recommended thera-
pies for axSpA, such as TNFis or other biologics, can mitigate
chronic opioid use. It is plausible that earlier control of inflamma-
tion and disease activity may reduce the need for additional anal-
gesic prescriptions. The aim of this study was to assess the
potential protective role of early TNFi initiation among patients
with axSpA for the development of chronic opioid use, using US
administrative claims data.

PATIENTS AND METHODS

Data source and ethical approval. We used data from
the Merative MarketScan Database, which consists of medical
and drug claims data from employers and health plans.14 It con-
sists of data for >250 million individuals, including employees,
their spouses, and dependents who are covered by employer-
sponsored private health insurance in the United States. As this
study involved the analysis of pre-existing, deidentified data, it
was deemed exempt from requiring institutional review board
(IRB) approval (Boston University Medical Campus IRB H-42058).

Study population. Claims were used to identify individuals
with axSpA, ages 18 to 65 years old, from January 1, 2006, to
December 31, 2021. AxSpA (including both radiographic and
nonradiographic axSpA) was operationally defined as at least
one inpatient claim with an axSpA International Classification of
Diseases (ICD) Ninth or Tenth Revision diagnosis code or at least
two outpatient claims ≥7 days apart with axSpA diagnosis codes.
Such algorithms for identification of axSpA have previously been
shown to have high positive predictive values (88%–100%), indi-
cating their ability to correctly identify axSpA when the condition
is present.15

Study design. We conducted a cohort study with the
design shown in Figure 1. The date of study entry was the diagno-
sis date, defined as either the date of the first axSpA inpatient or
outpatient claim among individuals meeting a definition of axSpA.
Individuals with axSpA were observed until chronic opioid use
(primary outcome), age 66 years, coverage end date, or the study
end date (December 31, 2021). Follow-up ended after age
65 years as individuals become Medicare eligible at this age, and
the dataset did not include services or prescriptions billed to
Medicare.

Exposure of interest. The exposure of interest was any
incident TNFi use within 6 months after the diagnosis date,
reflecting early TNFi initiation, and was based on a combination
of pharmacy claims and Current Procedural Terminology codes
on medical claims for infusions (Supplementary Lists). As there is
no consensus for early TNFi initiation in axSpA and early axSpA
has been variably defined in the literature,16 6 months was cho-
sen as adequate time to allow for TNFi initiation after axSpA diag-
nosis, but which would still be considered “early.”

Outcome of interest. The primary outcome of interest
was chronic opioid use, which was defined as any opioid use with
duration of ≥90 days. A list of included opioid types and formula-
tions is included in the Supplementary Lists. The index date for
early TNFi initiators was the date of the first TNFi claim within
6 months of the diagnosis date (refer to Figure 1). For non-early
TNFi initiators (comparators), the index date was a random date

SIGNIFICANCE & INNOVATIONS
• Individuals with axial spondyloarthritis (axSpA) may

experience chronic pain despite guideline-
recommended therapy with biologics or other tar-
geted therapies, and chronic use of opioids among
patients with axSpA is common. We hypothesized
that early tumor necrosis factor inhibitor (TNFi) initi-
ation would mitigate chronic opioid use.

• Using a US administrative claims database, we con-
ducted a time-stratified, propensity score–matched
cohort study of adults with axSpA to study the rela-
tionship of early TNFi initiation within 6 months of
axSpA diagnosis (comparedwith later or no TNFi ini-
tiation) with the development of chronic opioid use.
Contrary to our hypothesis, we did not find that
early TNFi initiators had a reduced risk of chronic
opioid use versus comparators.

• Confounding by indication limits interpretation of
our results and may hinder other studies seeking
to address the impact of biologic initiation on risk
of chronic opioid use in this patient population.
Additionally, more advanced study designs are
needed to adequate account for dynamic treatment
strategies.
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within 6 months of diagnosis date. To avoid overlap with the
exposure assessment period and immortal time bias, the out-
come assessment period started at the index date for all included
patients (Figure 1).

Other covariates. Potential confounders for the relation-
ship between early TNFi initiation and chronic opioid use were
identified a priori. We constructed a directed acyclic graph to
depict the presumed causal relationships and guide confounder
adjustment (Supplementary Figure 1). To optimize the assess-
ment of covariates, we included individuals needed to have 1 year
of continuous enrollment before their diagnosis date. Covariates
including comorbidities, alcohol use, obesity, and tobacco use
were assessed from start of the continuous enrollment period,
and covariates of medication use and health care utilization were
assessed within 1 year before the index date (Figure 1), unless
otherwise specified. Demographic confounders included age
(assessed on the diagnosis date) and sex. Comorbidities associ-
ated with the exposure and/or the outcome included obesity,
alcohol use disorder, tobacco use, cardiovascular disease,

chronic kidney disease, chronic obstructive pulmonary disease,
depression, and hypertension. A list of included covariate diagno-
sis and procedure codes is included in the Supplemental Lists.
Medication use included any prescription of concomitant
treatments for axSpA, including conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs), NSAIDs, glucocorti-
coids, and IL-17is, JAK inhibitors, and/or other non-TNFi bio-
logics. Surrogates of axSpA disease activity health care
utilization included the presence of orders for erythrocyte sedi-
mentation rate and/or C-reactive protein and history of any prior
primary care and rheumatology outpatient visits.

Prior opioid use was also defined in the covariate assess-
ment period. Opioid-experienced patients were defined by any
opioid prescription within 1 year before the index date; otherwise,
they were considered to be opioid-naive.

Statistical analysis. Variables were summarized using
mean ± SD and proportions (%) as appropriate. We constructed
a time-stratified, propensity score (PS)–matched cohort study to
minimize confounding by indication and to account for secular

Figure 1. Cohort study design. ‡Assessment of eligibility criteria (2006–2021): age 18–65 years, at least 1 year of follow-up before the index
date, axSpA diagnosis with at least one inpatient claim or at least two outpatient claims ≥7 days apart with International Classification of Diseases
Ninth or Tenth Revision diagnosis codes. **TNFi initiation varies for each patient, occurring at any point during the 6-month exposure assessment
period after the axSpA diagnosis date. †Covariates assessed include the following: age; sex; obesity; tobacco use; alcohol use disorder; cardio-
vascular disease; chronic obstructive pulmonary disease; chronic kidney disease; hypertension; diabetes (descriptive only); depression; use of
conventional synthetic disease-modifying antirheumatic drugs; use of nonsteroidal anti-inflammatory drugs; use of glucocorticoids; use of
interleukin-17 inhibitors, JAK inhibitors, and/or other non-TNFi biologics; any order for erythrocyte sedimentation rate and/or C-reactive protein;
any primary care visit; any rheumatology outpatient visit; and any prior opioid use (for stratification). #Follow-up until outcome (chronic opioid use
≥90 days), coverage end date, 5 years of follow-up, or study end date (December 31, 2021). *Index date is the date of the first TNFi prescription
for early TNFi initiators versus a random date within the 6-month exposure assessment period for non-TNFi initiators. axSpA, axial spondyloarthri-
tis; TNFi, tumor necrosis factor inhibitor.
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trends.17,18 To calculate the PS, we used logistic regression with
early TNFi use as the dependent variable, and we used the covar-
iates described above, which reflect the indication for TNFi use
and/or risk of chronic opioid use, as the independent variables.
We matched early TNFi users to comparators 1:1 by the PS in
1-year cohort accrual blocks to account for secular trends using
a greedy matching algorithm with nearest neighbor and within-
caliper matching using a width of 0.1 SDs of the logit without
replacement. A patient was included in a 1-year cohort accrual
block if their index date was in the 1-year block. Covariate balance
in the PS-matched dataset was assessed using the standardized
mean difference (SMD) with an SMD <0.1 indicating a good
covariate balance.

We compared the risk of chronic opioid use among PS-
matched early TNFi initiators versus comparators using Cox pro-
portional hazard models (“PS-matched model”). Additional Cox
proportional hazard models were performed with further covariate
adjustment: a “confounder-adjusted model” adjusted for con-
founders of age, sex, use of csDMARDs, use of glucocorticoids,
use of IL-17is and/or JAK inhibitors and/or other biologics, use
of NSAIDs, and the occurrence of any primary care and any rheu-
matology visits and a “PS-adjusted model” that included adjust-
ment for all the PS model covariates in addition to confounders.
The main model was the confounder-adjusted model. In addition
to examining the cohort overall, we conducted a stratified analysis
assessing opioid-experienced versus opioid-naive patients
separately.

Sensitivity analyses. To assess the robustness of our
results, we performed the following sensitivity analyses that
included alternative axSpA definitions, different exposure assess-
ment periods, and different definitions of chronic opioid use.
These sensitivity analyses included the following: (1) a more
lenient axSpA cohort definition with at least one inpatient or one
outpatient ICD code; (2) a stricter axSpA definition that requires
axSpA medication use either 6 months before or 6 months after
the axSpA diagnosis code; (3) a longer exposure assessment
period of 12 months; (4) a shorter exposure assessment period
of 3 months; 5) a definition of chronic strong opioid use, which
excludes low-potency opioids (tramadol, hydrocodone, and
codeine); (6) a stricter definition of chronic opioid use defined as
≥120 days of opioid prescriptions; (7) a more lenient definition of
chronic opioid use defined as ≥60 days of opioid prescriptions;
(8) an outcome assessment start date with a lag of 3 months fol-
lowing the index date, as TNFi may take 3 months to take effect
following initiation; and, lastly, (9) stratification by index date
before or after January 1, 2014, to account for changes in opioid
prescribing in the United States that occurred around the
year 2014.

To assess potential bias from residual confounding, we esti-
mated the effect size a potential unmeasured confounder would
need to completely nullify the observed association between TNFi

use and chronic opioid use in the main model through calculating
an E-value.19,20 A small E-value approaching 0 indicates that even
a weak confounder may explain away the observed association,
whereas a large E-value indicates that the observed effect is less
likely because of confounding alone. To formally assess how the
imperfect sensitivity and specificity of our algorithm to identify
early TNFi initiation may have affected our effect measures, we
performed a quantitative bias analysis for exposure misclassifica-
tion. This estimated the hazard ratio (HR) for the primary outcome
if there was misclassification in detecting early TNFi initiation by
10%, 20%, or 30%, corresponding to sensitivities of 90%, 80%,
or 70%, respectively, while assuming 100% and 95% specificity
(ie, that individuals without early TNFi initiation are not identified
as being early initiators). These analyses were conducted using
the R package “episensr.”

RESULTS

In the main analysis, a total of 20,458 individuals were
included (see Consolidated Standards of Reporting Trials flow
diagram in Figure 2). Following PS matching, we included 8,508
individuals with axSpA, this included 4,254 early TNFi initiators
and 4,254 non-early TNFi initiator comparators (Table 1). After
PS matching, all SMDs were < 0.1 (Supplementary Table 1).
Among the total propensity-matched cohort, the mean ± SD
age was 42 ± 12 years, with 50% being female. Participants were
well-matched in terms of frequencies of comorbidities, including
18% with obesity, 10% with tobacco use, 10% with cardiovascu-
lar disease, and 21% with depression. Other medication use in
the overall, PS-matched cohort included 29% with csDMARD
use and 66% with NSAID use. Half of the overall sample had any
prior opioid use. The outcome of chronic opioid use was present
in 20.9% of the overall study sample, and the median follow-up
was 2 years. Overall, chronic opioid use was seen in 22.3% of
early TNFi initiators and 19.6% of comparators.

In the main analysis of the PS-matched cohort, individuals
starting TNFi early had a 17% higher risk of developing chronic
opioid use compared with those who did not initiate TNFi early
(HR 1.17; 95% confidence interval [CI] 1.06–1.28) (Table 2 and
Figure 3) after additional confounder adjustment. The result of
the PS-adjusted model was similar (HR 1.17; 95% CI 1.06–1.28)
(Table 2).

Among the opioid-experienced, 38.2% of early TNFi initia-
tors and 37.4% of comparators had chronic opioid use on
follow-up (baseline demographics in Supplementary Tables 2A
and B). In the opioid-naive group, chronic opioid use was
observed in 5.0% of early TNFi initiators and 2.6% of compara-
tors during follow-up. In the stratified analysis, after additional
confounder adjustment we did not see an association between
early TNFi initiation and chronic opioid use among opioid-
experienced individuals (HR 1.06; 95% CI 0.96–1.17) (Table 2
and Figure 3). Among opioid-naive individuals, we observed a
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higher risk of chronic opioid use for those initiating TNFi early
compared with those who did not (HR 1.96; 95% CI 1.41–
2.74) (Table 2 and Figure 3).

Within the sensitivity analyses (Table 2), we observed similar
results to the main analysis, regardless of the axSpA cohort defini-
tion, exposure assessment period, or outcome definition. Among

Figure 2. Consolidated Standards of Reporting Trials flow diagram for study inclusion and exclusion. #TNFis include etanercept, adalimumab,
golimumab, certolizumab, and infliximab. axSpA, axial spondyloarthritis; RA, rheumatoid arthritis; TNFi, tumor necrosis factor inhibitor.

Table 1. Demographics and baseline clinical characteristics in the propensity score–matched cohort, overall and for
exposed and unexposed*

Covariate Overall (N = 8,508)
Early TNFi initiators

(n = 4,254)
Nonearly TNFi

initiators (n = 4,254)

Age, mean ± SD, y 42.3 ± 11.8 42.4 ± 11.6 42.3 ± 11.9
Female sex, % 50.5 50.1 51.0
Obesity, % 17.8 18.1 17.5
Alcohol use disorder, % 2.6 2.9 2.4
Tobacco use, % 9.9 10.3 9.4
CVD, % 10.0 10.2 9.9
CKD, % 7.0 6.9 7.0
COPD, % 9.2 9.3 9.0
Diabetes, % 12.3 11.7 12.9
Depression, % 21.1 21.0 21.1
Hypertension, % 33.1 33.9 32.3
Prior opioid use (any),a % 50.1 50.9 49.3
csDMARD use, % 28.7 28.7 28.8
NSAID use, % 65.8 65.7 65.9
Glucocorticoid use, % 48.8 49.6 48.1
IL-17i/JAKi/other biologic use,b % 0.40 0.40 0.40
ESR/CRP testing orders (any), % 89.3 88.6 89.9
Primary care visit (any),c % 86.0 86.0 86.1
Rheumatology visit (any),c % 72.4 72.0 72.8

* CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; csDMARD,
conventional synthetic disease-modifying antirheumatic drug; CVD, cardiovascular disease, ESR, erythrocyte sedi-
mentation rate; IL-17i, interleukin-17 inhibitor; JAKi, JAK inhibitor; NSAID, nonsteroidal anti-inflammatory drug;
TNFi, tumor necrosis factor inhibitor.
a Defined as any opioid prescription claim within covariate assessment period 12 months before the index date.
b csDMARDs, NSAIDs, glucocorticoids, IL-17i JAKis, and other biologics lists are at the end of the Supplementary Lists.
c Defined as any primary care visit or any rheumatology visit within the covariate assessment period 12 months
before the index date.
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these, the strongest association was observed with the use of a
12-month exposure assessment period, and individuals starting
TNFi early had a 31% higher risk of developing chronic opioid use
compared with those who did not initiate TNFi early (HR 1.31;
95% CI 1.19–1.45). This association was weaker with the
3-month exposure assessment period analysis (HR 1.13; 95% CI
1.02–1.25). Otherwise, the risk of chronic opioid use among early
TNFi initiators compared with noninitiators did not differ from the
main analysis when using a cohort definition based on a lenient def-
inition of axSpA with at least one inpatient or one outpatient ICD
code (HR 1.23; 95% CI 1.13–1.35 with confounder adjustment).
No association was seen between early TNFi initiation and chronic
opioid use among opioid-experienced individuals when using a
stricter axSpA definition that included axSpA medication use
(HR 1.11; 95% CI 0.96–1.28). Further, similar results were seen
between each of the chronic opioid use definitions, including a
strong chronic opioid use definition excluding low-potency opioids
(HR 1.21; 95% CI 1.08–1.36), a stricter definition (≥120 days of
prescriptions) of chronic opioid use (HR 1.16; 95% CI 1.05–1.27),
and a more lenient definition (≥60 days of prescriptions) (HR 1.19;
95% CI 1.09–1.29). Lastly, the results did not differ when using an

outcome assessment start date with a lag of 3 months following
the index date (HR 1.17; 95% CI 1.06–1.29) nor with stratification
by index date before or after 2014 (HR 1.18; 95% CI 1.04–1.33
vs HR 1.15; 95% CI 0.99–1.33, respectively).

In the E-value analysis, our observed HR of 1.17 for the main
results could be fully explained by an unmeasured confounder
associated with both the exposure and the outcome by a HR of
1.47 above and beyond the measured confounders. The results
of the quantitative bias analysis, assuming a sizable 30% expo-
sure misclassification (corresponding to 70% sensitivity of our
algorithms for early TNFi initiation), showed that the HR for the pri-
mary outcome would be 1.20 (95% CI 1.07–1.35), similar to our
observed PS-matched HR of 1.17 for early TNFi initiators versus
comparators. The results were similar when assuming 20% and
10% exposure misclassification and when specificity was set at
95% (Supplementary Table 3).

DISCUSSION

In this large cohort study of individuals with axSpA using US
administrative claims data, we investigated the association

Table 2. Results from multivariable analyses assessing the relation of early tumor necrosis factor inhibitor initiation
with the risk of chronic opioid use among individuals with axSpA: main, stratified, and sensitivity analyses*

PS-matched
HR (95% CI)

Confounder-adjusted
HR (95% CI)a

PS-adjusted
HR (95% CI)b

Main analysis
≥ 90 days opioid use 1.16 (1.06–1.27) 1.17 (1.06–1.28) 1.17 (1.06–1.28)

Stratified analyses
Opioid-experienced 1.05 (0.95–1.16) 1.06 (0.96–1.17) 1.07 (0.97–1.18)
Opioid-naive 1.96 (1.41–2.73) 1.96 (1.41–2.74) 1.99 (1.43–2.78)

Sensitivity analyses
Lenient axSpA definitionc 1.21 (1.11–1.33) 1.23 (1.13–1.35) 1.21 (1.11–1.33)
Strict axSpA definitiond 1.11 (0.96–1.28) 1.11 (0.96–1.28) 1.16 (1.01–1.35)
12-month exposure assessment period 1.31 (1.19–1.45) 1.31 (1.19–1.45) 1.34 (1.21–1.47)
3-month exposure assessment period 1.12 (1.01–1.24) 1.13 (1.02–1.25) 1.12 (1.01–1.24)
Chronic strong opioid use onlye 1.21 (1.07–1.35) 1.21 (1.08–1.36) 1.20 (1.07–1.35)
≥ 120 days opioid use 1.15 (1.04–1.27) 1.16 (1.05–1.27) 1.15 (1.05–1.27)
≥ 60 days opioid use 1.18 (1.08–1.29) 1.19 (1.09–1.29) 1.19 (1.09–1.30)

Outcome assessment with 3-month lag 1.17 (1.06–1.29) 1.17 (1.06–1.29) 1.16 (1.05–1.28)
Index date 2007–2013 1.17 (1.04–1.32) 1.18 (1.04–1.33) 1.19 (1.05–1.34)
Index date 2014–2021f 1.14 (0.99–1.32) 1.15 (0.99–1.33) 1.13 (0.98–1.31)

* axSpA, axial spondyloarthritis; CI, confidence interval; HR, hazard ratio; PS, propensity score.
a Adjusted for all confounders: age; sex; use of conventional synthetic disease-modifying antirheumatic drugs; use
of glucocorticoids; use of interleukin-17 inhibitors, JAK inhibitors, and/or other biologics; use of nonsteroidal anti-
inflammatory drugs; and any primary care and rheumatology visits.
b Adjusted for all PS covariates, including those that were not true confounders: age; sex; obesity; tobacco use; alco-
hol use disorder; cardiovascular disease; chronic obstructive pulmonary disease; chronic kidney disease; hyperten-
sion; depression; use of conventional synthetic disease-modifying antirheumatic drugs; use of glucocorticoids; use
of interleukin-17 inhibitors, JAK inhibitors, and/or other biologics; use of nonsteroidal anti-inflammatory drugs; any
erythrocyte sedimentation rate/C-reactive protein laboratory orders; and any primary care and rheumatology
visits.
c Defined as at least one inpatient or at least one outpatient axSpA diagnostic code.
d Defined as at least one inpatient or at least two outpatient axSpA diagnostic codes ≥7 days apart plus concomitant
disease-modifying antirheumatic drug use with any prescription within 6 months before or after the first diagnosis
code of any of the following: tumor necrosis factor inhibitors, interleukin-17 inhibitors, JAK inhibitors, conventional
synthetic disease-modifying antirheumatic drugs, or other biologics.
e Chronic opioid use was defined as >90 days, which excludes low-potency opioid types including codeine, trama-
dol, and hydrocodone.
f Stratified by the index date before or after January 1, 2014.
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between early initiation of TNFi therapy and subsequent chronic
opioid use. Contrary to our initial hypothesis, we did not find evi-
dence that early TNFi initiation was associated with a reduced risk
of chronic opioid use. Among opioid-naive individuals, early TNFi
use was surprisingly associated with a higher likelihood of chronic
opioid use, whereas no significant association was observed
among opioid-experienced individuals. However, our results
should be interpreted with caution, given the limitations inherent
to claims data related to confounding by indication whereby
unmeasured factors are likely to impact both early TNFi initiation
and chronic opioid prescription patterns in this population.

Chronic opioid use, known to be associated with increased
risk of fractures, higher health care utilization, and more frequent
hospitalizations,13 represents a significant health problem in
patients with axSpA. Our results align with previous studies
regarding the burden of chronic opioid use among individuals with
axSpA, highlighting the high prevalence of chronic opioid use in
this population, despite the rising availability of effective biologic
therapies including TNFi in the past two decades. We found that
chronic opioid use was present in 20.9% of the overall study sam-
ple. A Finnish cohort study showed that, after 1 year of diagnosis,
patients with axSpA had a cumulative incidence of chronic opioid
use of 21.7%, whereas the incidence in matched comparators
without axSpA was 7.8%.21 However, our prevalence of chronic
opioid use was lower than that previously estimated among Med-
icaid covered individuals (57.1% in the study by Sloan et al8),

suggesting that public insurance may pose additional risks for
chronic opioid use that warrant further investigation.

Prior research efforts have focused on elucidating contribut-
ing and protective factors for chronic opioid use in axSpA. A UK
cohort study identified several key social and health factors—
such as active smoking, concurrent substance use disorder,
presence of social deprivation factors, suicidality, fibromyalgia,
and higher multimorbidity—as significant predictors of chronic
opioid use.13 Similarly, Dau et al identified factors such as longer
disease duration, smoking, and higher disease activity as being
associated with opioid use in a prospective cohort of patients with
radiographic axSpA (ankylosing spondylitis), but there was a null
association between TNFi use and opioid use.10 It remains
unclear whether treatment strategies such as early initiation of
biologic or second-line therapies can prevent opioid dependence
in this population.

This study is the first to examine the impact of early TNFi ther-
apy, initiated shortly after axSpA diagnosis, on the risk of develop-
ing chronic opioid use. Our study adds to the literature suggesting
that early TNFi initiation alone does not appear to mitigate opioid
use. This aligns with the population-based study from the
United Kingdom assessing the development of incident chronic
opioid use, which included patients with both axSpA and psoriatic
arthritis.13 Notably, this study found that none of the guideline-
recommended therapies for axSpA or psoriatic arthritis were
linked to a lower likelihood of chronic opioid use.

Figure 3. Association of early tumor necrosis factor inhibitor use compared with nonearly tumor necrosis factor inhibitor use for the outcome of
chronic opioid use, in the overall PS-matched study cohort and stratified by prior opioid use. Results from PS-matched, confounder-adjusted, and
PS-adjusted Cox models. PS, propensity score. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/
doi/10.1002/acr.25659/abstract.
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The unexpected finding that early TNFi initiation was
linked with a higher risk of chronic opioid use, especially in
opioid-naive individuals, warrants further consideration of
potential mechanisms driving this association, including meth-
odologically through confounding by indication. This type of
unmeasured or residual confounding occurs when patients
who begin TNFi therapy earlier in their disease course may
have more active, severe, or refractory disease, resulting in
persistent inflammation and pain,22 leading to long-term opi-
oid use despite appropriate biologic intervention.

The presence of residual confounding is supported by a low
calculated E-value of 1.47, indicating that an unmeasured con-
founder would need to be associated with both the treatment
and the outcome with an HR of ≥1.47 to fully explain away the
association. It is possible that a combination of unmeasured or
residual confounding may have produced this E-value. This
hypothesis is further supported by previous studies that have
identified a subset of patients with axSpA who continue to experi-
ence significant pain despite receiving optimal treatment.6 Fur-
thermore, individuals requiring chronic opioid use therapy may
also exhibit higher health care utilization, which could influence
early TNFi initiation.11 To address this potential confounding, we
included available health care utilization variables from our claims
database into PSs and further adjusted by these variables after
PS matching to strengthen the validity of our findings. However,
we were unable to account for other important drivers of chronic
opioid use, such as disease activity and specific patient charac-
teristics including social determinants of health, which could not
be measured in our study. The available confounders extractable
from administrative claims data like MarketScan may not be suffi-
cient to fully address confounding by indication for our primary
research question of whether early TNFi initiation reduces the risk
of chronic opioid use in individuals with axSpA.

Beyond confounding by indication, misclassification for the
exposure of early TNFi initiation is another potential threat to
the validity of our results. This misclassification may arise because
some individuals with axSpA may have previously been exposed
to TNFi, but this information is not captured in claims data. To
address this possible exposure misclassification, we performed
quantitative bias analysis, which demonstrated insubstantial
changes to our observed results, suggesting against exposure
misclassification as a major source of bias in our study.

Although PS methods are valuable tools for balancing mea-
sured confounders in observational studies, they may not fully
capture the complexity of clinical decision-making and changing
treatment patterns over time. In our setting, both TNFi initiation
and opioid therapy duration are time-dependent, yet traditional
PS approaches are unable to fully account for treatment changes
over follow-up. As such, our estimates may be biased by these
factors. More advanced causal inference methods would be bet-
ter suited to address these complexities and more accurately esti-
mate the causal effects in the presence of dynamic treatment

strategies. However, such methods would still be limited by the
presence of unmeasured confounders.

Further limitations of this study should be acknowledged.
First, as with all administrative claims–based studies, there may
be misclassification in defining the axSpA population, including
the possibility of missed axSpA diagnoses. Although axSpA diag-
nostic claims marked the start of the 6-month exposure assess-
ment period, it is possible that patients may have had
longstanding prevalent disease, creating a heterogenous study
population with varying disease duration. Second, as described
above, residual confounding may persist despite our rigorous
study design using PS methods to account for confounding, as
patient-reported pain levels, disease severity or disease activity,
and functional impairment were not directly measurable using
claims data. Race and ethnicity were not available in our dataset
and represent further potential unmeasured confounding. Third,
indications for chronic opioid use were not available, and opioids
may have been prescribed for reasons related to persistent
axSpA symptoms or for other reasons. Lastly, our exposure was
assessed at the beginning of the study, before follow-up, and
we did not allow for dynamic assessment of the exposure, mean-
ing that we could not account for individuals who started TNFi
later during the study period. This could introduce bias to our
results, as patients who never received TNFi may significantly dif-
fer from patients who received TNFi treatment later in their dis-
ease course, yet both types of individuals were considered
together in the comparator group. Our study has several
strengths, including the use of a large, national administrative
claims database, a robust PS-matching approach to minimize
confounding, and multiple sensitivity analyses to test the robust-
ness of our findings.

In conclusion, our study provides additional evidence that
early TNFi initiation appears not to be associated with a lower risk
of chronic opioid use in individuals with axSpA. Although our
results suggest a connection between early TNFi initiation and
higher risk of chronic opioid use in patients without prior exposure
to opioids, confounding by indication limits this interpretation. For
future studies to better clarify the role of early TNFi therapy in
terms of opioid-sparing effects among individuals with axSpA,
the ideal data source should include important confounders such
as disease severity, disease activity, and measures of pain.
Advanced methods that can better account for dynamic treat-
ment changes may also mitigate threats to validity. In the mean-
time, clinicians should continue to implement multimodal
treatment strategies to reduce opioid reliance among individuals
with axSpA beyond the initiation of biologic therapy.
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Digital Behavioral Therapy Improves Outcome in Patients
With Axial Spondyloarthritis and Persistent Pain: A
Randomized Controlled Trial

David Kiefer,1,2,5 Yade Sonkaya,1,2 Dietmar Krause,1,3 Markus Voglau,4 Bernhard Mintrop,1,5 Imke Redeker,1,2

Xenofon Baraliakos,1,2 and Uta Kiltz1,2

Objective. Axial spondyloarthritis (axSpA) is often associated with persistent pain despite effective anti-
inflammatory treatment. Digital health applications (DHAs) provide innovative approaches to address multidimensional
aspects of persistent pain through psychological and behavioral strategies. The aim of this study was to assess the
impact of a DHA using acceptance and commitment therapy (ACT) on disease outcomes, including the West Haven-
Yale Multidimensional Pain Inventory (MPI), in patients with axSpA experiencing persistent pain despite stable pharma-
cological therapy.

Methods. This unblinded, multicentric, randomized controlled trial compared an intervention group (IG) receiving
the ACT app with a standard of care (SOC) group. The ACT app provided behavioral therapy. The primary outcome
was MPI pain-related life interference; secondary outcomes included pain severity, affective distress, and other
patient-reported outcomes after 12 weeks. Linear models estimating the effect of the ACT app on the change of MPI
pain-related life interference and affective distress were calculated.

Results. A total of 136 patients were randomized to IG (n = 73) with the ACT app and SOC (n = 63) without the ACT
app. In the IG, 44 actively used the ACT app. All lessons in the ACT app were completed by 19 IG patients (43%). Base-
line characteristics, including MPI scores, were comparable between groups. IG showed a reduction in pain-related life
interference as well as in other outcomes. The improvements in pain-related life interference (β with −0.36, 95% con-
fidence interval [CI]: −0.73 to 0.01) and affective distress related to the disease (−0.4; 95% CI −0.84 to 0.03) were
greater compared with SOC.

Conclusion. The ACT app demonstrated a meaningful reduction in pain-related life interference, supporting that
DHAs might become a complementary tool in managing pain for patients with axSpA. Studies about improving adher-
ence to DHAs are warranted.

INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic inflammatory dis-

ease primarily affecting the axial skeleton, often leading to pain, stiff-

ness, and functional limitations.1 Over the past decades,

advancements in pharmacologic therapies, including biologic

(b) and targeted synthetic (ts) disease-modifying antirheumatic drugs

(DMARDs) targeting inflammatory pathways, have significantly

improved the outcome of patients.2 However, a notable subset of

patients with axSpA continues to report persistent pain despite

effective anti-inflammatory treatment.3 As a frequently occurring

symptom reported in patients with axSpA, persistent pain is associ-

ated with lower health-related quality of life (HR-QoL), fatigue, and

functional and work productivity impairments.4,5 Therefore, this per-

sistent pain presents a considerable challenge in clinical practice.

The typical inflammatory back pain is a key symptom of patients with

axSpA.6 However, the presence of back pain may reflect disease

activity but can also potentially be caused by secondary compo-

nents, such as copingmechanisms, as well as physical and psycho-

logical comorbidities.7

Pain management in patients with axSpA primarily involves

pharmacotherapy combined with nonpharmacologic treatments,
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such as exercise, psychological interventions, and self-
management support.2 Particularly in patients with predominantly
nociplastic and somatoform pain components (eg, fibromyalgia),
behavioral therapy approaches play a central role. Various clinical
studies have demonstrated that within the framework of multi-
modal treatment concepts, behavioral therapy measures consti-
tute a key pillar of this approach.8 This is also reflected in the
current recommendations by EULAR for fibromyalgia, which
endorse cognitive behavioral therapy (CBT) as an effective treat-
ment.9 Initial approaches to digital solutions have already been
investigated and published in clinical studies.10 Furthermore, the
use of electronic health apps has been shown to effectively
reduce pain intensity and its associated interference for patients
with chronic back pain.11 These applications often integrate
evidence-based psychological therapy and CBT, such as accep-
tance and commitment therapy (ACT), to address the complex
interplay of physical and psychological factors contributing to
pain.12 By fostering the acceptance of pain, enhancing psycho-
logical flexibility, and promoting engagement in meaningful activi-
ties, digital health applications (DHAs) hold the potential to
improve multidimensional pain outcomes and HR-QoL.13,14

In Germany, DHAs are being reimbursed by statutory health
insurance if they have been approved by the German Federal
Institute for Drugs and Medical Devices (BfArM).15 In March
2025, 68 DHAs in total have been evaluated in terms of efficacy
and safety by the regulatory authority. The prescription of the
DHA follows a standardized way, which includes an approval step
of the health insurance provider, followed by the provision of an
activation code to access the DHA.15 The costs are fully covered
by the patient’s health insurance. This system represents the first
worldwide opportunity to prescribe DHAs in health care in a man-
ner akin to medical devices or therapeutic aids.

So far, within the field of musculoskeletal disorders, DHAs
have only been approved for mental health conditions or orthope-
dic disorders, reflecting the primary focus of digital therapeutics to
date. However, no DHA has been specifically approved for inflam-
matory and rheumatic and musculoskeletal diseases (RMDs),
including axSpA.15 Given that pain management and ACT play
an important role in the management of axSpA, DHAs have a

significant potential for their application in this field. The aim of this
study was to assess the impact of a DHA using the ACT on dis-
ease outcomes in patients with axSpA experiencing persistent
pain despite stable pharmacologic therapy.

PATIENTS AND METHODS

Study design. In this multicentric, unblinded, randomized
controlled trial, adult patients with a clinical diagnosis of axSpA
were eligible for inclusion. This trial was designed with pragmatic
elements, aiming to reflect routine clinical practice conditions.
Inclusion criteria required a symptom duration of at least
6 months, stable disease control under pharmacologic therapy,
and a pain intensity ≥4 on a numerical rating scale (NRS; 0–10,
10 = severe pain) at randomization. Stable disease control was
defined as the treating rheumatologist’s judgment that no change
in immunomodulatory or analgesic therapy was indicated, even if
disease activity scores were elevated because of extreme high
patient-reported outcome (PRO) results. This pragmatic
approach was chosen to reflect real-world clinical practice and
to target the patient population most likely to benefit from a
DHA. Exclusion criteria included language barriers, inability to pro-
vide informed consent, planned changes to or conventional or
bDMARD therapy, or an inability or unwillingness to use DHAs.

Patients were randomized 1:1 to either an intervention group
(IG) or a standard of care (SOC) group and were observed over
12 weeks. Randomization was conducted using a table with ran-
dom numbers. Only personnel who assigned participants to the
intervention had access to the random allocation sequence,
which was not the case for personnel who enrolled participants.
SOC patients continued to receive treatment as determined by
their treating rheumatologist, without the use of the ACT app. IG
patients who did not activate the ACT app within 4 weeks
received a reminder phone call from the study team to help with
obtaining and using the activation code for the DHA. Baseline
assessments were repeated if patients activated the DHA 4weeks
after the initial baseline assessment. We defined active app users
as those who engaged with the app at least once, and inactive
app users as those who either did not use the app at all or were
unable to access it because of insurance-related issues.

DHA. We used the HelloBetter Ratiopharm Chronischer
Schmerz (ACT app), which is an interactive psychological online
program designed to sustainably reduce the impact of persistent
pain and is approved as a DHA for persistent somatoform pain
disorder, persistent pain disorder with somatic and psychological
factors, and fibromyalgia.15,16 Through evidence-based psychoe-
ducation provided via texts, videos, and audio content, partici-
pants learn effective strategies from ACT.15,17 These strategies
are reinforced through practical exercises that can be integrated
into daily life, helping individuals improve their management of
persistent pain and reduce its impact on their QoL.

SIGNIFICANCE & INNOVATIONS
• Digital health applicationsmay have the potential to

decrease the impact of pain on daily life for patients
with axial spondyloarthritis.

• Digital interventions based on acceptance and com-
mitment therapy may improve health-related qual-
ity of life for those with axial spondyloarthritis.

• Digital health applications might serve as a useful
addition to standard care in pain management.

• Technical feasibility and usability ratings for the app
were generally positive, but long-term adherence
remains a challenge.
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The HelloBetter app online program is aimed at the long-
term reduction of pain-related life interference and is available for
PCs, tablets, or smartphones. The program consists of seven
units, each requiring 45 to 60 minutes to complete. The content
was developed by psychologists and psychotherapists with
expertise in persistent pain management and digital health, in
accordance with established ACT protocols. Its efficacy and
safety were evaluated in clinical trials, and it is listed as an
approved DHA in the official directory of the BfArM.15,16,18,19

Assessment of axSpA. Data on demographic and disease
status as well as information on laboratory results (eg, C-reactive
protein [CRP] and HLA-B27) and data on current treatment
including the nonsteroidal anti-inflammatory drug (NSAID) usage
indices were taken from medical records. Patients responded to
a standardized tool of PROs at baseline and after 3 months. Pain
assessment included a global pain question (NRS 0–10) and the
PainDETECT questionnaire, which ranged from 1 to 24, with a
threshold of >18 indicating probable neuropathic pain.20 Further-
more, the Multidimensional Pain Inventory (MPI) was assessed.21

MPI Part 1, “Pain Experience and Psychosocial Impact,” evalu-
ates the impact of pain across five dimensions using
22 questions:

1. Pain severity: the intensity of the pain experienced.
2. Interference: the extent to which pain disrupts daily life,

activities, and overall functioning.
3. Perceived support: the level of emotional and practical

support from others.
4. Life control: the degree to which patients feel in control of

their pain and life circumstances.
5. Affective distress: the emotional burden associated with

living with chronic pain.

Each MPI question is scored on a 7-point Likert scale (0–6),
and subscores are calculated by averaging the responses within
each dimension.21

Disease activity was measured with the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) and the Axial Spon-
dyloarthritis Disease Activity Score (ASDAS), which both primarily
target nociceptive pain associated with inflammatory activity. Fur-
thermore, disease-specific assessments included the Bath Anky-
losing Spondylitis Functional Index (BASFI), the Physician Global
Assessment (PhGA), and the Assessment of Spondyloarthritis
International Society Health Index (ASAS-HI). The Hospital Anxi-
ety and Depression Scale (HADS) was used to evaluate psycho-
logical comorbidities. The Fibromyalgia Impact Questionnaire
(FIQ) was assessed for pain related to fibromyalgia. The mental
component score (MCS) and physical component score (PCS)
of the 36-item Short Formwere used to assess physical andmen-
tal HR-QoL. Physical activity levels were quantified using the
modified Short Questionnaire to Assess Health-enhancing physi-
cal activity (mSQUASH).

Assessment of usage of the DHA. Usage of the DHA
was provided by self-report and electronic tools. IG patients
provided self-reports of app usage, detailing the number of
completed modules. This was complemented by electronically
recorded data to objectively assess engagement, including
the percentage of the program completed and the time spent
using the app. The mobile app rating scale (MARS) was used
to assess app engagement, functionality, aesthetics, and sub-
jective quality, along with a system usability score to quantify
the overall user experience. The evaluation resulted in an aver-
age value for each section and an average value for the overall
app quality between 1 and 5. A value of ≥3 was considered
moderate and a value of ≥4 was considered good.22 Accep-
tance of the DHA was assessed using the Net Promoter Score
(NRS 0–10): patients with a score from 0 to 6 are considered to
be detractors, patients with a score from 7 to 8 are considered
to be passives, and patients with a score ≥9 are considered to
be promoters.23 The Patient Global Impression of Change
(PGIC) was used to evaluate patients’ subjective perception of
overall change during the study. Patients rate a single-item
questionnaire their perception of change on a 7-point Likert
scale, ranging from “very much improved” (1) to “very much
worse” (7).24 To identify potential barriers to using the app, we
developed a 10-item study-specific questionnaire addressing
aspects such as usability, technical problems, user adherence,
individual needs, data protection, doctor-patient relationship,
digital expertise, implementation into therapy, and costs.
Patients rated each item on a scale from 0 (no barrier) to 10 (sig-
nificant barrier). The System Usability Score is a validated
10-item questionnaire that evaluates the usability of a system,
providing a single score ranging from 0 to 100, with higher
scores indicating better usability.25

The primary endpoint of the study was change in the West
Haven-Yale MPI dimension of pain-related life interference
after 12 weeks. Secondary endpoints included axSpA PRO
measurements and the other dimensions assessed through
the MPI.21

Statistical analyses. Differences between baseline and
follow-up were examined using paired t-tests for continuous vari-
ables and the McNemar chi-square test for categorical ones.
Baseline adjusted differences in pain-related interference and
emotional distress between active and inactive app users were
analyzed using analysis of covariance. A P value of <0.05 was
considered to be significant.

We assumed for the sample size calculation a sample vari-
ance of 1.162 for the MPI after 3 months, a correlation coefficient
of 0.5 between pain intensity at baseline and after 3 months, and
a mean difference of 0.35 between the intervention and control
groups.13 Thus, the required number of patients per group is
approximately 87, for a two-sided significance level of α = 0.05
and a power of 1 − β = 0.8.
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Given the low rate of missing data (approximately 5% of
baseline data), no imputation methods were applied, and com-
plete case analyses were conducted. All analyses were per-
formed in R (version 4.4.2).

The study was conducted across four rheumatology centers in
Germany, approved by the Ethical Committee of the Ruhr-University
Bochum, Germany (reference number 23-7831) and registered in
the German Clinical Trials Register (DRKS00037509). Informed writ-
ten consent was obtained from all patients. All data used in this
research are already included in the article.

RESULTS

Clinical assessments and app usage. A total of
320 patients were screened, and 136 patients were consecutively

enrolled in the study, with 73 patients randomized to IG and 63 to
SOC between September 2023 and June 2024 (Table 1;
Figure 1). The sample size could not be reached within the
planned timeframe of 6 months. The extension of the recruitment
period had to be discontinued after 4 months for organizational
reasons. In line with the elements of a pragmatic design, not all
patients randomized to the IG activated or regularly used the
ACT app, and levels of engagement varied. Within the IG,
44 patients (60.3%) actively used the ACT app, and 29 (39.7%)
were categorized as inactive app users. Of the inactive users,
16 (55.2%) had access to the app but chose not to use it, and
13 (44.8%) did not receive the app activation code from their
health insurance provider, leaving them unable to engage with
the intervention. At the 12-week follow-up, 19 IG patients
(43.2%) completed all units in the ACT app, whereas 25 (56.8%)

Table 1. Demographical characteristics and baseline assessments stratified by group and user activity*

Characteristics n
All app

users (n = 73)
Active

users (n = 44)
Inactive

users (n = 29)
SOC

patients (n = 63)

Age, mean ± SD, y 136 46.8 ± 13 47.3 ± 12 46.2 ± 12.4 50.9 ± 11.4
Gender female, n (%) 136 36 (49.3) 23 (52.3) 13 (44.8) 27 (42.9)
Education, university level, n (%) 123 18 (24.7) 10 (22.7) 8 (27.6) 11 (17.5)
Employment, n (%) 130 51 (68.8) 29 (65.9) 16 (59.3) 35 (55.5)
Time since axSpA symptoms, mean ± SD, y 129 18.2 ± 14.2 17.7 ± 13.8 19.0 ± 15.1 20.3 ± 13.5
Time since axSpA diagnosis, mean ± SD, y 132 13.3 ± 13 13.2 ± 13.7 13.6 ± 12.4 15.2 ± 12.7
BMI, mean ± SD, kg/m2 116 28.9 ± 6.7 29.0 ± 6.3 28.6 ± 7.5 28.2 ± 6.7
CRP, mean ± SD, mg/dl 133 0.6 ± 1 0.4 ± 0.8 0.8 ± 1.2 0.6 ± 1.2
HLA-B 27, n (%) 120 46 (63.0) 25 (67.7) 21 (75.0) 44 (70.0)
Charlson comorbidity index (0–29), mean ± SD 133 1.1 ± 1.2 1.1 ± 1.1 0.9 ± 1.3 1.2 ± 1.3
NSAID index (0–100), mean ± SD 131 18.7 ± 29.2 18.2 ± 31.6 19.6 ± 25.6 19.1 ± 30.4
Patients on csDMARDs, n (%) 136 2 (2.7) 1 (2.3) 1 (3.4) 3 (4.8)
Patients on bDMARDs, n (%) 136 47 (64.4) 29 (65.9) 18 (64.3) 42 (66.6)
Patients on tsDMARDs, n (%) 136 5 (6.8) 4 (9.1) 1 (3.4) 3 (4.8)
Previous bDMARDs, mean ± SD, n 131 1.6 ± 1.4 1.7 ± 1.5 1.5 ± 1.6 1.4 ± 1.1
MPI, mean ± SD
Pain-related life interference (0–6) 110 3.4 ± 1.1 3.3 ± 1.3 3.7 ± 0.6 3.6 ± 1.0
Pain severity (0–6) 110 3.4 ± 1.1 3.1 ± 1.2 3.8 ± 0.9 3.84 ± 1.2
Affective distress (0–6) 110 3.2 ± 1.2 3.1 ± 1.3 3.4 ± 1.1 3.2 ± 1.2
Social support (0–6) 110 3.4 ± 1.9 3.3 ± 2.0 3.5 ± 1.7 3.8 ± 1.5
Life control (0–6) 110 3.8 ± 1.2 4.0 ± 1.2 3.2 ± 1.1 3.5 ± 1

ASDAS (0–10), mean ± SD 129 2.7 ± 0.8 2.6 ± 0.8 2.9 ± 0.7 2.9 ± 0.8
BASDAI (0–10), mean ± SD 134 5.1 ± 1.8 5.0 ± 1.9 5.3 ± 1.6 5.4 ± 1.9
PhGA (0–10), mean ± SD 129 3 ± 1.5 2.7 ± 1.6 3.3 ± 1.3 2.9 ± 1.2
BASFI (0–10), mean ± SD 133 4.6 ± 2.4 4.5 ± 2.5 4.8 ± 2.1 4.9 ± 2.3
ASAS Health Index (0–17), mean ± SD 135 8.1 ± 3.5 7.9 ± 3.7 8.3 ± 3.3 8.0 ± 3.8
Pain on NRS (0–10), mean ± SD 134 5.5 ± 1.8 5.4 ± 1.9 5.7 ± 1.7 5.8 ± 1.9
PainDETECT >18, n (%) 135 13 (29.5) 13 (29.5) 6 (21.4) 22 (36.0)
HADS-D (0–21), mean ± SD 134 7.9 ± 4.3 7.6 ± 4.5 8.3 ± 3.9 9 ± 5.3
HADS-A (0–21), mean ± SD 134 8.5 ± 4.4 8.3 ± 4.6 9.0 ± 4.1 9 ± 4.3
HADS-D ≥8, n (%) 134 39 (53.4) 21 (47.7) 18 (62.1) 34 (55.7)
HADS-A ≥8, n (%) 134 43 (58.9) 24 (54.5) 19 (65.5) 30 (49.2)
FIQ (0–100), mean ± SD 127 49.4 ± 16.1 49.6 ± 15.6 49.2 ± 17.1 52.7 ± 21.3
SF-36 (PCS) (0–100), mean ± SD 132 33.5 ± 8.3 33.5 ± 9.6 33.5 ± 6.1 32.6 ± 7.4
SF-36 (MCS) (0–100), mean ± SD 132 41.7 ± 12.2 42.6 ± 12.2 40.4 ± 12.2 42.1 ± 13.1
mSQUASH total activity score, mean ± SD 132 9,483 ± 4,878 9,473 ± 5,156 9,500 ± 4,484 9,137 ± 5,675

* ASAS, Assessment of Spondyloarthritis International Society; ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloar-
thritis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; bDMARD, biologic
disease-modifying antirheumatic drug; BMI, bodymass index; CRP, C-reactive protein; csDMARD, conventional synthetic DMARD; FIQ, Fibromy-
algia Impact Questionnaire; HADS-A, Hospital Anxiety and Depression Scale – anxiety subscale; HADS-D, HADS – depression subscale; MCS,
mental component summary; MPI, Multidimensional Pain Inventory; mSQUASH, modified Short Questionnaire to Assess Health-enhancing
physical activity; NRS, numerical rating scale; NSAID, nonsteroidal anti-inflammatory drug; PCS, physical component summary; PhGA, Physician
Global Assessment; SF-36, 36-item Short Form; SOC, standard of care; tsDMARD, targeted-synthetic DMARD.

KIEFER ET AL88



used the ACT app actively but did not complete all seven units.
Based on electronic records, active app users completed an
average of 70% of the units. (Table 1).

Baseline characteristics, including demographic and clinical
data, were comparable between the IG and SOC group. The
mean ± SD age was 46.8 ± 13.0 years in the IG and 50.9 ±
11.4 years in the SOC group. Gender distribution was similar, with
49.3% of the IG and 42.9% of the SOC group being female. Time
since first symptoms and time since diagnoses were comparable.
Importantly, there was no difference in the usage of NSAIDs and
b/tsDMARDs or the comorbidity index (Table 1). The CRP level
was also comparable.

At baseline, IG and SOC showed similar baseline values of
the MPI dimensions. In detail, the mean ± SD results for pain-

related life interference (3.4 ± 1.1 vs 3.6 ± 1.0), pain severity (3.4
± 1.1 vs 3.8 ± 1.2), affective distress (3.2 ± 1.2 in both groups),
social support (3.4 ± 1.9 vs 3.8 ± 1.5), and life control (3.8 ± 1.2
vs 3.5 ± 1.0) were comparable between the IG and SOC group
(Table 1). Furthermore, baseline measures for disease activity
(ASDAS, BASDAI, and PhGA), physical and global functioning
(BASFI, PCS, MCS, and ASAS-HI), spinal mobility (Bath Ankylos-
ing Spondylitis Metrology Index) and measurements of pain (pain
on NRS and Pain DETECT), and physical activity (mSQUASH) as
well as Patient Acceptable Symptom State, HADS, FIQ, and
Patient-Activation Measure-13 results showed no relevant differ-
ences between the IG and SOC group (Table 1).

Improvements in pain-related life interference (−0.36; 95% con-
fidence interval [CI] −0.73 to 0.01) and affective distress related to

Figure 1. Study flowchart.
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the disease (−0.4; 95% CI −0.84 to 0.03) were greater in IG com-
pared with SOC (Table 2). Improvements in most secondary
disease-specific measures were more pronounced in active app
users compared with SOC (Table 2; Figure 2). In particular, BASDAI
(−0.76; 95% CI −1.3 to −0.25), PhGA (−0.56; 95% CI −0.98 to
−0.14), BASFI (−0.65; 95% CI −1.1 to −0.19), PainDETECT (−2.13;
95% CI −4.1 to −0.12), and ASAS-HI (−1.32; 95% CI −2.3 to
−0.35) showed a greater improvement in IG compared with SOC.
The percentage of patients with clinically relevant HADS – depres-
sion subscale scores (≥8) reduced from 46.5% to 32.4% in IG and
from 55.7% to 46.8% in SOC, whereas the percentage of patients
with clinically relevant anxiety was only reduced in IG (53.5% to
43.2%) and slightly increased in SOC (49.2% to 53.2%).

A higher proportion of active app users had a subjective per-
ception of improvement (PGIC) over 12 weeks in contrast to SOC
patients (36 vs 13%). Conversely, more participants in the
SOC group had a subjective perception of worsening compared
with active app users (35 vs 11%) (Figure 3).

App evaluation metrics. The DHA was promoted by five
patients (14.7%), whereas the others were either passive users
(n = 9, 26.5%) or detractors (n = 20, 58.9%). The quality of the
ACT app was evaluated as being good with a mean ± SD MARS
score of 3.8 ± 0.5 (Figure 4A). The best mean ± SD MARS rating

was achieved in the functionality domain (4.3 ± 0.7) followed by
the information domain (4.1 ± 0.6). In the subjective quality
domain, the app achieved the weakest rating, with a mean ± SD
score of 2.9 ± 0.9. The effect of the app on patients’ health
behavior was rated as moderate with a mean ± SD score of 3.3
± 1.0. The usability was rated favorable with a mean ± SD score
of 73.3 ± 17.0.

We identified minor barriers to the use of the app
(Figure 4B). Moderate challenges were related to implementa-
tion into therapy (3.7 ± 3.1), user adherence (3.6 ± 2.7), and
the app not meeting individual needs (3.1 ± 2.7). Minor barriers
included required digital expertise (2.2 ± 2.7), impact on the
doctor-patient relationship (2.1 ± 2.4), usability (1.8 ± 2.2),
validity in meeting user expectations (1.4 ± 1.8), technical prob-
lems to access (1.2 ± 0.8), data protection concerns (1.2 ± 2.3)
and costs (0.7 ± 1.6) (Figure 4B).

DISCUSSION

Our study investigated the effectiveness of the HelloBetter
app, a DHA, in addressing multidimensional pain in patients with
axSpA and persistent pain. The primary outcome of the study,
the reduction in pain-related life interference measured by the
MPI, indicated a greater improvement in IG compared with SOC.
Although the absolute change in pain-related life interference
was small, it may still be clinically relevant in a population with sta-
ble disease control under optimized pharmacologic treatment, as
even modest improvements can have a meaningful impact when
achieved through a low-risk and easily accessible intervention
such as a DHA.

A recent meta-analysis found that ACT reduced pain inten-
sity after treatment compared with applied relaxation, with a stan-
dardized mean difference of −0.26 (95% CI −0.58 to 0.07),
consistent with the small change observed in our study.12 This is
consistent with earlier studies highlighting the efficacy of DHAs in
addressing chronic back pain through psychological and behav-
ioral strategies,26 whereas there was no effect on neuropathic
pain in our study. The observed reduction in emotional distress
and improvements in disease-specific QoL measures and the
slight improvement in the PGIC further supports the utility of DHAs
in managing complex pain syndromes in axSpA, including noci-
plastic pain.27 ACT has the potential to enhance psychological
flexibility and improve patient outcomes by focusing on helping
individuals accept their pain and commit to actions that align with
their values, thereby reducing the psychological burden associ-
ated with chronic conditions.28

Studies indicate that ACT can lead to improve several out-
comes including physical functioning in patients with axSpA. A
recent study demonstrated that ACT-based digital interventions
effectively improve physical functioning.27 Moreover, integrating
ACT into DHAs offers a new approach to delivering psychological
interventions. Digital platforms can provide accessible, cost-

Table 2. Effect of the digital health application on primary and sec-
ondary outcomes (analysis of covariance analyses adjusted for out-
come at baseline)*

Outcome β 95% CI

Pain-related interference, 0–6 −0.36 −0.73 to 0.01
Emotional Distress, 0–6 −0.40 −0.84 to 0.03
ASDAS, 0–10 −0.09 −0.37 to 0.20
BASDAI, 0–10 −0.76 −1.3 to −0.25
PhGA, 0–10 −0.56 −0.98 to −0.14
BASFI, 0–10 −0.65 −1.1 to −0.19
Pain, NRS 0–10 −0.61 −1.3 to 0.10
PainDETECT, 0–38 −2.13 −4.1 to −0.12
Pain severity (MPI), 0–6 −0.12 −0.48 to 0.25
Social support (MPI), 0–6 0.07 −0.43 to 0.57
Life control (MPI), 0–6 0.05 −0.45 to 0.54
HADS-D, 0–21 −0.92 −1.9 to 0.07
HADS-A, 0–21 −0.77 −1.9 to 0.33
FIQ, 0–100 −4.66 −10 to 0.65
ASAS Health Index, 0–17 −1.32 −2.3 to −0.35
SF-36 (PCS), 0–100 2.15 −0.32 to 4.6
SF-36 (MCS), 0–100 1.74 −1.5 to 5.0
mSQUASH, total activity score −475.47 −2,016 to 1,065

* ASAS, Assessment of Spondyloarthritis International Society;
ASDAS, Ankylosing Spondylitis Disease Activity Score; BASDAI, Bath
Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylos-
ing Spondylitis Functional Index; CI, confidence interval; FIQ, Fibro-
myalgia Impact Questionnaire; HADS-A, Hospital Anxiety and
Depression Scale – anxiety subscale; HADS-D, HADS – depression
subscale; MCS, mental component summary; MPI, Multidimen-
sional Pain Inventory; mSQUASH, modified Short Questionnaire to
Assess Health-enhancing physical activity; NRS, numerical rating
scale; PCS, physical component summary; PhGA, Physician Global
Assessment; SF-36, 36-item Short Form.
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effective, and user-friendly means for patients to engage with ACT
principles, potentially enhancing adherence and engagement.29

This is particularly relevant in rheumatology, in which patients
may face barriers to accessing traditional in-person therapy ses-
sions.30 The incorporation of ACT and digital health into compre-
hensive treatment plans for axSpA aligns with current
recommendations emphasizing the importance of addressing
both the physical and psychological aspects.31,32 ACT empowers
patients to manage their symptoms more effectively, leading to
improved overall well-being.13,17 The minimal improvement
observed in ASDAS and BASDAI was marginal and did not reach
the threshold for minimal clinical importance. Therefore, we can-
not conclude that ACT has an effect on disease activity.33,34

Our findings also align with evidence from studies on other
digital health solutions, which demonstrated significant reduc-
tions in back pain and improved functional outcomes among
patients with chronic conditions.26,27 Another recent study dem-
onstrated the effectiveness of a digital ACT program in reducing
symptom burden and improving PROs in fibromyalgia, a

condition often overlapping with axSpA.35–38 Previous evidence
supported the use of DHAs in persistent pain management
through psychological and behavioral strategies. A recent study
highlighted the increasing acceptance and use of digital health
technologies among rheumatology patients, emphasizing their
utility in enhancing patient-centered care and improving access
to therapeutic interventions.39

The SOC group, which followed traditional rheumatologist-
guided care without the use of the app, demonstrated no signifi-
cant improvements in MPI dimensions. This highlights the limita-
tions of standard care in addressing the multidimensional
aspects of persistent pain. By integrating behavioral therapy into
its framework, the HelloBetter app provides a more comprehen-
sive approach to pain management, addressing also the psycho-
logical components of persistent pain. Other DHAs have similarly
shown their utility in bridging the gaps left by conventional care.

The results of this study highlight the transformative potential of
DHAs in the clinical management of axSpA. The HelloBetter app’s
ACT-based framework aligns with current recommendations for

Figure 2. Change of clinical variables stratified by group. Mean change of assessments compared between active app users and standard of
care patients. ASAS-HI, Assessment of Spondyloarthritis International Society Health Index; ASDAS, Ankylosing Spondylitis Disease Activity
Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; HADS-D, Hospital Anx-
iety and Depression Scale – depression subscale; MPI, Multidimensional Pain Inventory.
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managing RMDs and also recommendations for the management of
fibromyalgia and related disorders, which emphasize the importance
of psychological and behavioral interventions.9,40 By enabling patients
to engage with evidence-based therapies from the comfort of their
homes, DHAs remove many of the logistical barriers associated with
traditional care models, such as transportation difficulties and time
constraints, which are known barriers for patients.30 For clinicians,
the integration of DHAs offers an opportunity to enhance patient self-
management. Given the limited time available in routine clinical prac-
tice to deliver comprehensive ACT, DHAs can help save valuable time
during consultations while still enabling effective implementation of
ACT principles and improving pain management outcome.39,41,42

In addition, the 2021 EULAR recommendations for the
implementation of self-management strategies in patients with
inflammatory arthritis and the 2024 EULAR points to consider for
patient education in physical activity and self-management of pain
during transitional care state that digital health care can help
patients to self-manage and should be considered for inclusion
in supported self-management where appropriate and available.
They also state that patient education during transitional care
should consist of a variety of learning formats, including digital
health, and that digital solutions seem to be both feasible and
beneficial for patients with RMDs, especially for younger
patients.31,32,43,44

We have to acknowledge that the DHA did not provide a
clear benefit for all patients, as perceived improvements were
minimal with a moderate perceived positive influence of the DHA
on user’s life, although technical functionality information quality
and usability were rated positively. Adherence to digital interven-
tions remains a critical challenge, with only 43% of participants in
the IG completing all lessons in the app. This adherence rate mir-
rors findings from similar studies involving digital therapeutics,
highlighting the need for enhanced user engagement strategies.45

Barriers to adherence often include low digital literacy, lack of
motivation, and insufficient technical support. In contrast, patients
state that they are willing to use digital applications, such as
DHAs.42,46–48 Furthermore, onboarding processes should be
optimized, including detailed user education and ongoing techni-
cal support, to ensure patients feel confident using the app.42,48

In line with this, several challenges were encountered during
our study, including the relatively low activation rate of the app
within the first 4 weeks, which necessitated follow-up interven-
tions to assist with onboarding. Moreover, excluding patients
who could not access the DHA because of insurer delays may
underestimate real-world barriers.

Furthermore, even when the cost of the HelloBetter app was
covered by insurance companies, some patients did not receive
an activation code from their insurers. This could represent a
potential barrier to the successful implementation and wide-
spread adoption of DHAs in the future. Another limitation of our
study is that we were unable to reach the sample size of
87 patients per group. This is based on the high screening failure
rate of 42% with a substantial number of patients unwilling to
use an app. Another limitation is the unblinded design of the
study, which may have influenced both PROs and the interpreta-
tion of results. Future studies should aim to incorporate
physician-blinded study designs, as patient blinding is not feasible
with DHAs. In addition, the open-label design may also have intro-
duced expectancy bias in PROs.

The generalizability of our findings to settings outside
Germany is limited, as prescription-based, health insurance–
funded DHAs currently exist only in Germany. Nevertheless, other
types of digital tools to support patients are available internation-
ally. Unlike many freely available or commercial apps, DHAs are

Figure 3. Patient Global Impression of Change categories: com-
parison between active app users and the standard of care group.
All categories are given as percentages. The two categories at the
end of the 7-point Likert scale (“very much improved”/“much
improved” and “very much worse”/“much worse”) have been
grouped together resulting in five categories ranging from “improved”
to “worse.”
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subject to governmental approval by the BfArM and must demon-
strate efficacy and safety according to defined regulatory require-
ments. The underlying therapeutic concept and delivery format,
however, may be transferable to other health care systems, par-
ticularly where there is increasing interest in integrating evidence-
based digital interventions into routine care. Future research

should focus on optimizing the design and functionality of DHAs
to enhance user engagement and long-term adherence and may
include gamification.49 Economic evaluations are also needed to
assess the cost-effectiveness of DHAs in pain management.
Additionally, studies should investigate the long-term impact of
DHAs on disease progression, comorbidities, and overall QoL.

Figure 4. Active app user’s (A) MARS rating and (B) barriers to using the app. (A) Mean ± SD values of the overall MARS rating of active app
users. (B) Mean ± SD values of the barriers questionnaire (score 1–10) of active app users ranged from the largest to smallest barrier. MARS,
mobile app rating scale.
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The digital intervention demonstrated reductions in pain-
related life interference and emotional distress in patients with
axSpA, supporting its potential as a supplementary tool in pain
management. These findings contribute to the growing body of
evidence supporting the use of DHAs in rheumatology and under-
score their role in addressing the multidimensional nature of per-
sistent pain. By fostering greater accessibility, personalized care,
and patient empowerment, DHAs represent a transformative
advancement in the management of complex chronic conditions.
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Impact of Social Factors on Visual Analog Scale Pain
in Patients With Spondyloarthritis: A Propensity
Score Matching Analysis

Luis Ángel Calvo Pascual,1 David Castro Corredor,2 Eduardo Collantes-Estévez,3

and Clementina L�opez-Medina3

Objective. Pain in spondyloarthritis reflects not only inflammatory activity but also social context. We quantified the
association between a composite Social Factors Index (SFI) and patient-reported pain severity on the Visual Analog
Scale (VAS).

Methods. We analyzed 2,042 patients from REGISPONSER (N = 1,514) and RESPONDIA (N = 528). Missing data
were handled with multiple imputation (m = 20). The SFI combined education, employment, housing, income source,
and Graffar class using penalized regression (sparse-group lasso). Mutual information (MI) quantified the SFI’s relative
importance. Propensity scores (logistic regression) supported 1:1 caliper matching (0.2 SD on the logit), comparing the
highest (Q4) and lowest (Q1) SFI quartiles.

Results. Before matching, Q1 and Q4 included on average 918 and 829 patients per imputation, differing mainly in
race (White 80.8% vs 86.8%; standardized mean difference [SMD] = −0.16) and country (Spain 66.2% vs 78.2%; SMD
= −0.27). After matching, a mean of 745 pairs (range 731–761) were retained with excellent covariate balance (all jSMDj
< 0.10). In the matched sample, patients in Q4 reported higher pain (average treatment effect on the treated +0.38 VAS
points; 95% confidence interval [CI] 0.05–0.71; P = 0.023). Postmatching regression yielded an identical estimate
(β = +0.37; 95% CI 0.04–0.70; P = 0.030). MI indicated the SFI carried more information about VAS than any single
social variable. Stratified analyses suggested heterogeneity: Spain +0.31 (95% CI 0.08–0.71) and Latin America
+0.62 (95% CI −0.22 to 1.45).

Conclusion. Social disadvantage, summarized by the SFI, is independently associated with greater pain severity in
spondyloarthritis after adjustment. These findings support incorporating social determinants into clinical assessment
and pain management.

INTRODUCTION

Spondyloarthritis (SpA) encompasses a group of chronic

inflammatory rheumatic diseases that primarily affect the axial

skeleton, leading to significant physical limitations and diminished
quality of life. It often strikes individuals in early adulthood, causing

chronic back pain, stiffness, and progressive loss of mobility.

Consequently, SpA is associated with severe physical limitations,

functional impairment, and decreased quality of life.1

Pain is a central and enduring symptom of SpA, traditionally
attributed to inflammatory processes. However, a substantial

subset of patients continues to experience significant pain despite

effective control of inflammation through pharmacologic interven-
tions. This persistent pain suggests the involvement of noninflam-

matory mechanisms, notably central sensitization, an increased
responsiveness of nociceptive neurons in the central nervous sys-

tem, leading to heightened pain sensitivity and perception.2

Beyond biologic mechanisms, social determinants have
emerged as important contributors to pain severity in SpA.3,4

Lower educational attainment and socioeconomic disadvantage
are independently associated with higher patient-reported pain,

even after adjustment for disease activity and treatment
access.5–7 In a cluster analysis, patients in the low socioeconomic
group experienced longer diagnostic delays, higher body mass
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PhD, at lacalvo@comillas.edu.

Submitted for publication May 1, 2025; accepted in revised form October
2, 2025.

96

Arthritis Care & Research
Vol. 78, No. 1, January 2026, pp 96–105
DOI 10.1002/acr.25675
© 2025 American College of Rheumatology

https://orcid.org/0000-0002-8818-5542
https://orcid.org/0000-0001-7315-6274
https://orcid.org/0000-0002-7647-6289
https://orcid.org/0000-0002-2309-5837
https://doi.org/10.1002/acr.25675
https://doi.org/10.1002/acr.25675
https://onlinelibrary.wiley.com/doi/10.1002/acr.25675
https://onlinelibrary.wiley.com/doi/10.1002/acr.25675
mailto:lacalvo@comillas.edu


index, and more severe structural damage despite adjustment for

disease duration; although access to biologic disease-modifying

antirheumatic drugs (DMARDs) was comparable across groups,

disadvantaged patients had a substantially higher prevalence of

permanent work disability, defined as official certification of long-

term incapacity for work, independent of disease activity and

duration.8 Moreover, patients with chronic low back pain reported

significantly worse pain severity, disability, and health-related

quality of life than those with axial SpA, despite similar pain inten-

sity scores, underscoring that pain experience extends beyond

inflammatory burden.9

The present study investigates whether social determinants
contribute to patient-reported pain in SpA using data from two regis-
tries (REGISPONSER and RESPONDIA). We examined education,
employment status, housing conditions, and Graffar social class
and aggregated them into a Social Factors Index (SFI) whose com-
ponent weights were learned via lasso regularization (sparse-group
lasso) with bootstrap resampling across multiply imputed datasets.
We then quantified the importance of the SFI for Visual Analog Scale
(VAS) pain using mutual information (MI) and applied propensity
score matching to balance key demographic and clinical covariates,
contrasting patients in the highest and lowest SFI quartiles.

PATIENTS AND METHODS

Study design. This study was based on data obtained from
two multicenter observational registries: REGISPONSER and
RESPONDIA, both specifically designed to collect standardized
clinical information on patients with SpA.

REGISPONSER is a national, multicenter registry from Spain
that prospectively enrolled consecutive patients diagnosed with

SpA according to the European Spondyloarthropathy Study
Group (ESSG) criteria.10 Recruitment was conducted between
March 2004 and March 2007 across 31 rheumatology depart-
ments. Detailed information regarding the design, sampling meth-
odology, and recruitment process can be found in Collantes
et al.11

RESPONDIA, a parallel registry with an identical study
design, was conducted between 2006 and 2007 in Latin Amer-
ica. It included 33 centers across eight countries: Argentina,
Chile, Colombia, Costa Rica, Mexico, Uruguay, and Venezuela.
Like REGISPONSER, RESPONDIA included consecutive patients
who met the ESSG classification criteria for SpA and used the
same case report forms, clinical definitions, and variable collection
procedures.12 For this study, data from both sources were
merged to generate a large, multinational cohort of patients
with SpA.

Inclusion and exclusion criteria. All patients aged
≥18 years with a diagnosis of SpA according to the ESSG criteria
were eligible. Participants were drawn from the REGISPONSER
registry (Spain, 2004–2007) and the RESPONDIA registry (Latin
America, 2006–2007). Patients with incomplete clinical informa-
tion in key exposure or outcome variables, or those with duplicate
records, were excluded. No additional exclusion criteria were
applied.

Outcomes. The primary outcome of interest was pain inten-
sity, measured using the VAS, which ranged from 0 (no pain) to
10 (worst imaginable pain), referring to overall pain experienced
during the previous week. No formal secondary outcomes were
prespecified.

Variables. This study analyzed data from 2,042 patients
diagnosed with SpA. A total of 66 variables were collected and
organized into four conceptual domains: personal variables,
social variables, treatment-related variables, and disease activity.
All variables were assessed at the baseline visit of each registry,
with laboratory tests performed within 15 days before inclusion.
Detailed information is provided in the Supplementary File 1,
which includes six tables, three with categorical variables and
three with numerical variables, each presented for the full sample,
for REGISPONSER, and for RESPONDIA.

The personal variables include age, weight, height, physical
activity habits, smoking status, race and ethnicity, and country of
residence across Ibero-American regions such as Spain,
Argentina, and Mexico. Genetic and familial factors were captured
through HLA-B27 status (positive or negative) and the presence
or absence of a family history of SpA.

The social variables domain was composed of education
attainment, ranging from illiterate to university level. Employment
status included categories such as employed, unemployed, stu-
dent, retired, or homemaker. Socioeconomic stratification was

SIGNIFICANCE & INNOVATIONS
• We developed a Social Factors Index (SFI) using

sparse-group lasso with bootstrap across multiply
imputed datasets; mutual information quantified
the SFI’s informativeness for patient-reported
Visual Analog Scale (VAS) pain.

• The SFI capturedmoremutual information with VAS
than any single social variable, including Graffar
Scale class, employment status, housing conditions,
or income.

• Using propensity score matching (>700 matched
pairs per imputation), patients in the highest SFI
quartile reported +0.38 VAS points versus the low-
est (95% confidence interval 0.05–0.71; P = 0.023),
supporting an association independent of mea-
sured disease activity.

• Findings underscore the clinical relevance of social
vulnerability in spondyloarthritis and support inte-
grating social determinants into comprehensive
care and management.
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measured using the Graffar scale,13 and housing conditions
ranged from inadequate to excellent, with or without luxury. Mari-
tal status, sources of income (eg, salary, profits, donations, or
rents), and professional background (eg, skilled or unskilled labor,
technician, or employee) were also recorded. All social variables
were systematically collected for all participants at the baseline
visit.

Therapeutic exposure variables consisted of 15 measures of
pharmacological treatment and management. These included
corticosteroids, nonsteroidal anti-inflammatory drugs (regular,
on-demand, or none), biologic therapies (infliximab, etanercept,
or adalimumab), and conventional synthetic DMARDs (metho-
trexate, sulfasalazine, or leflunomide).

The disease activity variables included measures of clinical
status, functional impairment, and patient-reported outcomes.
Disease activity was assessed with the Ankylosing Spondylitis
Disease Activity Score (ASDAS). Functional impact and quality of
life were measured using the Ankylosing Spondylitis Quality of Life
(ASQoL) questionnaire and the physical and mental component
scores of the 12-item Short Form (SF-12) survey. Axial and
peripheral involvement was evaluated through the number of
swollen joints, chest expansion, and Schober test. The
dataset also recorded the clinical form of the disease (axial,
peripheral, enthesitic, or mixed), extra-articular manifestations (iri-
tis, uveitis, enthesitis, dactylitis, pustulosis, acne conglobata,
balanitis, prostatitis, and nail involvement), comorbidities (cardiac,
renal, pulmonary, and neurologic), and disease duration (years
from symptom onset to the baseline visit). Pain was assessed
with the VAS, with which patients rated their overall pain (not
restricted to back pain) from 0 (no pain) to 10 (worst imaginable
pain) based on the previous week.

Data analysis.Wemerged REGISPONSER and RESPON-
DIA and removed outliers and data errors. We summarized
numeric and categorical variables to characterize the sample;
baseline demographic, clinical, and social characteristics are
shown in Table 1. More detailed distributions and missing data
summaries by cohort, together with boxplots of VAS across cate-
gorical variables and kernel density plots for numerical variables,
are provided in Supplementary Files 1 and 2.

Given nontrivial missingness, we used multiple imputation to
create m = 20 completed datasets.14 We rejected Missing
Completely at Random via the Little test and proceeded under a
Missing-At-Random assumption.15 To study social determinants
of pain, we built an SFI from education, employment/occupation,
income source, housing, and the Graffar scale. In each imputa-
tion, models used penalization with out-of-fold predictions to
avoid optimism; when group lasso was unavailable, we used elas-
tic net with internal cross-validation.16 Individual SFI scores were
averaged across imputations. We evaluated SFI performance via
correlation and discrimination for high pain (area under the curve

[AUC] for VAS ≥ 7), reporting per imputation and pooled metrics
(Figure 1).

To quantify associations with VAS beyond linear effects, we
computed MI between VAS and candidate predictors—including
SFI—within each imputed dataset, following recent applications
in rheumatology.17–20 We used the standard definition

MI X, VASð Þ=H VASð Þ−H VASjXð Þ,

where H �ð Þ is the Shannon entropy function. Practically, we dis-
cretized VAS into five quantile-based bins, encoded categorical
variables, scaled continuous predictors, and estimated MI with
bootstrap uncertainty (100 resamples per imputation), then we
pooled ranks across imputations (Figure 2). MI guided the choice
of pre-exposure covariates for causal analyses.

We estimated the average treatment effect on the treated
(ATT) by contrasting high (Q4) and low (Q1) SFI scores using pro-
pensity score matching with logistic model scores, overlap
trimming,21 1:1 nearest-neighbor matching without replacement
on the logit scale, and a 0.2 SD caliper (with 0.3 SD as a sensitivity
check).22 Balance was assessed using standardized mean differ-
ences (SMDs), and ATT estimates with SEs were pooled across
imputations via Rubin rules. We additionally fit doubly robust out-
come regressions for covariates with residual imbalance. The
pooled ATT (95% confidence intervals [CIs]) is shown in Figure 3
(forest plot), covariate balance before and after matching in
Figure 4 (love plot), and paired postmatching VAS differences
in Figure 5 (distribution of matched differences). Full specifica-
tions, diagnostics, and sensitivity analyses are provided in the
Supplementary Methods; the Supplementary Materials also
include SFI validation outputs and metrics (Supplementary File
3), full PSM results with per imputation and pooled ATT (Supple-
mentary File 4), detailed balance tables (Supplementary File 5),
doubly robust regression outputs (Supplementary File 6), caliper
sensitivity (0.2 vs 0.3 SD; Supplementary File 7) , and stratified
Spain vs non-Spain analyses (Supplementary File 8).

All patients gave their written consent to participate in the
REGISPONSER and RESPONDIA registries. The study was con-
ducted in compliance with the recommendations of the Declara-
tion of Helsinki and was centrally approved by the Ethics

Committee of the Reina Sofia University Hospital from C�ordoba

(Spain) on April 21, 2006 (“Comisi�on de Ética e Investigaci�on San-
itaria, REGISPON-2004 y RESPONDIA-2006”).

RESULTS

In total, 2,042 patients were included (REGISPONSER N =
1,514; RESPONDIA N = 528). A concise summary of baseline
demographic, clinical, and social characteristics is provided in
Table 1. Patients from REGISPONSER were on average (mean ±
SD) older (48.1 ± 12.9 years) than those from RESPONDIA (44.7
± 14.7 years), and the proportion of men was higher (74.7% vs
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Table 1. Baseline characteristics of patients with spondyloarthritis in the joint pooled dataset, REGISPONSER and RESPONDIA cohorts*

Variable Dataset (N = 2042) REGISPONSER (n = 1,514) RESPONDIA (n = 528)

Demographics, mean ± SD
Age, y 47.3 ± 13.4 48.1 ± 12.9 44.7 ± 14.7
Diagnostic delay, y 7.5 ± 9.3 7.7 ± 9.4 6.8 ± 9.1
Disease duration, y 19.5 ± 13.1 21.1 ± 13.1 14.8 ± 11.6
Symptom duration, y 11.7 ± 10.3 13.2 ± 10.4 7.4 ± 8.5
Age at diagnosis, y 35.4 ± 12.7 34.9 ± 11.9 37.0 ± 14.9
Weight, kg 73.8 ± 14.2 74.2 ± 14.2 72.4 ± 14.2
Height, cm 166.4 ± 9.3 166.7 ± 9.1 165.4 ± 10.0

Clinical measures, mean ± SD
Chest expansion, cm 3.6 ± 2.1 3.8 ± 2.2 3.3 ± 1.9
Schober test, cm 3.0 ± 1.9 3.0 ± 1.8 3.2 ± 2.1
Finger-to-floor distance, cm 19.0 ± 15.0 18.6 ± 14.2 20.2 ± 16.8
Occiput-to-wall distance, cm 4.5 ± 6.2 4.4 ± 6.0 4.9 ± 6.6
Swollen joint count 0.8 ± 2.9 0.4 ± 1.8 1.9 ± 4.8
VAS (pain 0–10) 3.3 ± 2.3 3.2 ± 2.1 3.7 ± 2.6
ASQoL (0–18; higher = worse) 6.6 ± 5.2 6.4 ± 5.1 7.4 ± 5.3
SF-12 physical component 37.0 ± 7.5 37.2 ± 7.5 36.3 ± 7.5
SF-12 mental component 50.2 ± 5.5 50.6 ± 5.5 49.3 ± 5.5
ASDAS-CRP 2.4 ± 1.1 2.6 ± 1.1 2.0 ± 1.0

Form, n (%)
Axial 1,233 (60.9) 1,055 (69.8) 178 (34.6)
Mixed 744 (36.7) 433 (28.7) 311 (60.5)
Peripheral 39 (1.9) 19 (1.3) 20 (3.9)
Enthesitic 9 (0.4) 4 (0.3) 5 (1.0)

Family history, n (%)
No 1,513 (79.5) 1,117 (79.6) 396 (79.2)
Yes 390 (20.5) 286 (20.4) 104 (20.8)

Sex, n (%)
Male 1,485 (72.7) 1,131 (74.7) 354 (67.0)
Female 557 (27.3) 383 (25.3) 174 (33.0)

Education, n (%)
High school 606 (41.6) 359 (38.1) 247 (47.9)
Elementary school 556 (38.1) 433 (46.0) 123 (23.8)
Illiterate 20 (1.4) 13 (1.4) 7 (1.4)
University 276 (18.9) 137 (14.5) 139 (26.9)

Marital status, n (%)
Married 1,023 (70.2) 713 (75.6) 310 (60.2)
Single 364 (25.0) 194 (20.6) 170 (33.0)
Divorced/separated 48 (3.3) 25 (2.7) 23 (4.5)
Widowed 23 (1.6) 11 (1.2) 12 (2.3)

Profession, n (%)
Unskilled worker 377 (25.9) 238 (25.3) 139 (27.0)
Skilled worker 349 (24.0) 283 (30.1) 66 (12.8)
Employee 309 (21.3) 201 (21.4) 108 (21.0)
Technician 219 (15.1) 129 (13.7) 90 (17.5)
University profession 200 (13.8) 88 (9.4) 112 (21.7)

Source of income, n (%)
Salary 1,022 (70.3) 643 (68.5) 379 (73.6)
Donations 216 (14.9) 150 (16.0) 66 (12.8)
Profits 113 (7.8) 61 (6.5) 52 (10.1)
Rents 103 (7.1) 85 (9.1) 18 (3.5)

Housing conditions, n (%)
Good housing 735 (50.5) 463 (49.2) 272 (53.0)
Excellent (no luxury) 588 (40.4) 411 (43.6) 177 (34.5)
Deficient 86 (5.9) 47 (5.0) 39 (7.6)
Excellent with luxury 24 (1.6) 9 (1.0) 15 (2.9)
Inadequate 22 (1.5) 12 (1.3) 10 (1.9)

Graffar scale, n (%)
Middle-lower class 594 (41.0) 411 (43.9) 183 (35.7)
Middle class 443 (30.6) 288 (30.8) 155 (30.2)
Upper-middle class 285 (19.7) 166 (17.7) 119 (23.2)
Lower class 95 (6.6) 59 (6.3) 36 (7.0)

(Continued)
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67.0%). Regarding disease activity and pain, the mean ± SD VAS
score was 3.20 ± 2.13 in REGISPONSER and 3.72 ± 2.58 in
RESPONDIA, whereas the ASDAS was 2.58 ± 1.12 and 2.03 ±

1.01, respectively. Socioeconomic differences were also
observed: for example, university education and employment
were more common in RESPONDIA. Comparative boxplots of all
variables can be consulted in boxplots.xlsx, where it can also be
observed that patients in the Graffar upper class reported lower
VAS levels. Detailed descriptive statistics (means, SD, quartiles,
n and %, and missing data) by registry are provided in descrip-
tive.docx.

The SFI was defined as a weighted sum of nine social factors
each compared with the middle baseline of its domain:

SFI= +0:0467 Employment Status_Student½ �
+0:0177 Employment Status_Unemployed½ �
− 0:0175 Employment Status_Employed½ �
+0:0179 Education_Illiterate½ �− 0:0236 Education_University½ �
+0:0414 Housing Conditions_Inadequate½ �
− 0:0224 Housing Conditions_Deficients½ �
+0:0246 Graffar Scale_Lower Class½ �
− 0:0211 Graffar Scale_Upper Class½ �:

Positive coefficients indicate higher expected pain (VAS) relative
to baseline. The index showed a modest but consistent associa-
tion with VAS (Pearson r ≈ 0.17) and modest discrimination for
high pain (VAS ≥ 7, AUC ≈ 0.56). However, the boxplot of VAS
across SFI quartiles (Figure 1) showed an upward shift in both

Table 1. (Cont’d)

Variable Dataset (N = 2042) REGISPONSER (n = 1,514) RESPONDIA (n = 528)

Upper class 32 (2.2) 12 (1.3) 20 (3.9)
Race, n (%)
White 1,193 (81.4) 930 (98.3) 263 (50.6)
White-Indigenous 201 (13.7) 2 (0.2) 199 (38.6)
White-Black 23 (1.6) 3 (0.3) 20 (3.8)
Other 18 (1.2) 7 (0.7) 11 (2.1)
Black 13 (0.9) 1 (0.1) 12 (2.3)
Indigenous 10 (0.7) 1 (0.1) 9 (1.7)
Black-Indigenous 5 (0.3) 1 (0.1) 4 (0.8)
Indigenous-Asian 3 (0.2) 1 (0.1) 2 (0.4)

Employment status, n (%)
Employed 1,038 (51.6) 738 (49.5) 300 (57.6)
At home 580 (28.8) 525 (35.2) 55 (10.6)
Unemployed 309 (15.4) 182 (12.2) 127 (24.4)
Student 19 (0.9) 5 (0.3) 14 (2.7)

Disability, n (%)
No disability 1,417 (72.0) 1,047 (71.0) 370 (75.2)
Permanent disability 444 (22.6) 367 (24.9) 77 (15.7)
Temporary disability 106 (5.4) 61 (4.1) 45 (9.1)

Country, n (%)
Spain 1,514 (74.1) 1,514 (100.0) 0 (0)
Argentina 147 (7.2) 0 (0) 147 (27.8)
Mexico 103 (5.0) 0 (0) 103 (19.5)
Portugal 88 (4.3) 0 (0) 88 (16.7)
Chile 76 (3.7) 0 (0) 76 (14.4)
Venezuela 38 (1.9) 0 (0) 38 (7.2)
Peru 32 (1.6) 0 (0) 32 (6.1)
Uruguay 28 (1.4) 0 (0) 28 (5.3)
Costa Rica 16 (0.8) 0 (0) 16 (3.0)

* Percentages use the variable-specific denominator because of missing data. ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score –
C-Reactive Protein; ASQoL, Ankylosing Spondylitis Quality of Life; SF-12, 12-item Short Form; VAS, Visual Analog Scale.

Figure 1. Distribution of pain scores (VAS) across quartiles of the
SFI. SFI, Social Factors Index; VAS, Visual Analog Score. Color figure
can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25675/abstract.
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Figure 2. MIwith the Visual Analog Scale for the 30 clinical and social features, computed across 100 bootstrap iterations. We highlighted the SFI in
red to show its relative position with respect to the other variables. ASDAS, Ankylosing Spondylitis Disease Activity Score; ASQoL, Ankylosing Spon-
dylitis Quality of Life; MI, mutual information; NSAID, nonsteroidal anti-inflammatory drug; SF-12, 12-item Short Form; SFI, Social Factors Index.
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medians and interquartile ranges, suggesting higher pain levels
with increasing SFI.

MI ranking (Figure 2) showed that the SFI captured more
information about VAS than any single social variable. The pooled
MI for the SFI index was 0.0239, placing it 20th overall and ahead
of other social indicators such as the Graffar scale (0.0124),
employment status (0.0134), housing conditions (0.0144), source
of income (0.0102), race (0.0151), and country (0.0257). As
expected, clinical/activity measures dominated the top ranks
(eg, ASDAS 0.579, ASQoL 0.237, weight 0.104, and SF-12 phys-
ical 0.156). As we described in the previous section, we also used
these MI results to select those variables ranked high and

plausibly related to both social risk and pain. This led to the final
set of baseline covariates: age (0.074), diagnosis age (0.066), dis-
ease duration (0.059), diagnostic delay (0.044), weight (0.104),
height (0.051), race (0.015), and country (0.026).

Regarding the results of the propensity score matching anal-
ysis, we compared pain outcomes between patients with high
social factor scores (Q4 of the SFI) and those with low scores
(Q1). Before matching, Q1 and Q4 included, on average,
918 and 829 patients per imputation, respectively, reflecting
roughly one-quarter of the cohort. The pooled ATT was +0.38
VAS points (SE = 0.17), with a 95% CI of 0.05 to 0.71 and a
P value of 0.023 across the 20 imputations (Figure 3). After

Figure 3. Forest plot of ATT estimates for VAS across imputations and pooled results. ATT, average treatment effect on the treated; CI, confi-
dence interval; SFI, Social Factor Index; VAS, Visual Analog Scale. Color figure can be viewed in the online issue, which is available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.25675/abstract.
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overlap trimming and 1:1 nearest-neighbor caliper matching, an
average of 745 matched pairs per imputation was retained (range
731–761), corresponding to approximately 90% of eligible
patients in the extreme quartiles. Matching quality was excellent,
with a mean absolute standardized difference of 0.041 across
covariates. Figure 4 displays the pooled SMDs across

imputations for all variables in the propensity model, weighted by
matched pairs. Before matching (gray dots), some covariates
showed imbalance, particularly race (SMD = –0.16) and country
(SMD = –0.27). After matching, these imbalances were reduced
to –0.09 and –0.04, respectively, whereas continuous covariates
such as age, diagnosis age, disease duration, delay, weight, and

Figure 4. Love plot depicting covariate balance before and after propensity score matching. Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25675/abstract.

Figure 5. Distribution of paired differences in pain scores after matching. SFI, Social Factors Index; VAS, Visual Analog Scale. Color figure can be
viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25675/abstract.
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height all achieved postmatch SMDs between –0.07 and 0.04.
Thus, every covariate met the conventional threshold of jSMDj
<0.10. In the matched sample, the distribution of pairwise differ-
ences in VAS remained shifted to the right, with a pooled mean
difference of +0.38 points (95% CI 0.05–0.71), confirming that
pain severity was consistently higher in the high SFI group.

The results of the caliper sensitivity analysis (see caliper_sen-
sitivity.xlsx) were highly consistent across specifications. When
widening the caliper to 0.3 SD, results were almost identical to
those obtained with 0.2 SD (ATT = +0.41; SE = 0.16; 95% CI
0.09–0.72; P = 0.011), with a similar number of matched pairs
(802) and a mean absolute SMD after matching of 0.022. Finally,
in the stratified analysis to observe differences between Spain
and Latin American countries, we obtained an ATT of +0.31
(SE = 0.20; 95% CI 0.08–0.71) across 20 imputations for Spain
and +0.62 (SE = 0.43; 95% CI −0.22 to 1.45) across 20 imputa-
tions for Latin America.

DISCUSSION

Some previous studies have primarily attributed the impact of
socioeconomic factors not to pain, but to disease activity. For exam-
ple, Capelusnik et al7 suggest that lower education levels and single
marital status were associated with higher ASDAS. Other stud-
ies23,24 found that lower levels of education and income were asso-
ciated with a higher likelihood of receiving a chronic pain diagnosis.

Our SFI shows a clear gradient: students and unemployed
individuals, those living in inadequate housing, and patients from
lower social classes have higher predicted pain, whereas those
with university education and from upper social classes have lower
predicted pain. These patterns align with evidence that social
determinants are linked to worse outcomes in axial SpA.7 Mende-
lian randomization work indicates that higher education attainment
causally reduces multisite chronic pain risk, plausibly via healthier
behaviors and greater psychologic resources.25 Daily diary
research also shows that financial hardship and unemployment
amplify day-to-day pain reactivity, particularly among women with
chronic musculoskeletal disease who worry about finances when
unemployed.26 Taken together, this supports aggregating corre-
lated social exposures to reflect cumulative disadvantages.

Despite the modest performance of the SFI in predicting VAS
(Pearson r ≈ 0.17; AUC ≈ 0.56), a low overall correlation does not
rule out meaningful group differences. When we group the SFI
into quartiles, Figure 1 shows that median VAS (and its spread)
increases stepwise from Q1 to Q4. In addition, the SFI ranked first
among all social indicators in the MI analysis, ahead of education,
Graffar scale, employment status, housing conditions, and
source of income (Figure 2). This means that, although social con-
text explains less variance in pain than clinical activity, the com-
bined index captures more information about VAS than any
single social variable, supporting its use as a compact summary
of cumulative social factors.

Using propensity score matching to compare patients in the
highest SFI quartile (Q4) with those in the lowest (Q1), the pooled
ATT for VAS was +0.38 points (SE = 0.17; 95% CI 0.05–0.71; P =
0.023) across 20 imputations (Figure 3). Covariate balance was
excellent after matching (mean absolute SMD ≈ 0.041) with
approximately 745 matched pairs per imputation (Figures 4 and
5), and results were stable to caliper changes (0.2–0.3 SD), con-
sistent with prior methodologic work.27–29 In plain terms, patients
with a high SFI score reported approximately 0.4 points more
VAS pain than comparable patients with a low SFI score.
Although modest, this effect was consistent and clinically rele-
vant. The gradient was more pronounced in Latin America (ATT
= +0.62; 95% CI −0.22 to 1.45) than in Spain (ATT = +0.31;
95% CI −0.08 to 0.71), suggesting stronger social disparities in
the former.

Our methodology has several strengths. We used multiple
imputations (20 datasets) and derived a stable, interpretable SFI
via sparse-group lasso with bootstrap resampling. MI was applied
only to assess the SFI’s informativeness for VAS, not for con-
founder selection. Prespecified baseline covariates (age, age at
diagnosis, disease duration, diagnostic delay, weight, height,
race, and country) achieved excellent postmatch balance (mean
absolute SMD ≈ 0.041). Propensity scores were estimated with
logistic regression, prioritizing balance over prediction; effects
were robust to caliper variation on the logit scale (0.2–0.3 SD)
and were larger in Latin America than in Spain.

However, several limitations should be noted. First, the study
is observational and cross-sectional rather than longitudinal,
which limits the ability to establish causal relationships and raises
the possibility of reverse causation. Second, although we
adjusted for a wide range of demographic and clinical covariates,
residual confounding cannot be excluded, particularly from
unmeasured psychosocial factors such as depression, coping
styles, health literacy, or differences in health care access. Third,
the SFI was developed primarily in a Spanish cohort, and although
the effect appeared stronger in Latin America, where social
inequalities are more pronounced, external validation and larger
datasets from these countries are needed to confirm and general-
ize these findings.

This study suggests that social factors could contribute inde-
pendently to pain severity in patients with SpA. We summarized
education, employment status, Graffar scale, and housing condi-
tions into a single SFI, showing a clear gradient in pain: VAS
increased stepwise from the lowest to the highest SFI quartile.
With propensity score matching, patients in the highest SFI quar-
tile had modest yet consistent increases in VAS compared with
otherwise comparable patients in the lowest quartile (ATT =
+0.38; 95% CI 0.05–0.71; P = 0.023), supporting an effect
beyond measured disease activity. Although the individual-level
effect size is small, such gradients can be meaningful at the pop-
ulation level and have policy relevance, helping identify groups
who may benefit from targeted support. Clinically, patients with
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lower education, unstable employment, or inadequate housing
may benefit from targeted assessment and support (eg, pain
self-management support or social work referral). Future work
should externally validate the SFI andmatched findings, use longi-
tudinal designs to establish temporality, and test interventions
that address the identified social pathways.
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Rethinking Strategies for a Pharmaceutical Approach to Pain
Related to Connective Tissue–Related Raynaud
Phenomenon in the United States

Tracy M. Frech,1 Charles G. Frech,2 W. David Merryman,2 Andrew Sternlicht,3 and Justin Baba2

Objective. There are no US Food and Drug Administration–approved therapies for Raynaud phenomenon (RP) in
the United States. Clinical trials have been challenged by study design. Important advances in RP patient-reported out-
come measures and mechanistic quantification allow RP-related pain characterization. The rationale for this narrative
review is current RP treatment guidelines that focus on vasodilation.

Methods. The question of why there are limitations to RP treatment in the United States is addressed through a
comprehensive search strategy of published RP treatment guidelines up until September 1, 2025. Search databases
included Medline (PubMed), Embase, and Scopus for the index terms “Raynaud’s phenomenon treatment guidelines.”
If a society guideline was updated, only the most recent was included. Eligibility, data extraction, risk of bias, and qual-
ity assessment were subject to review by two independent reviewers, with a third reviewer resolving discrepancies.
US-specific considerations of published guidelines are reviewed.

Results. A total of 118 published articles were identified by the search terms “Raynaud’s phenomenon treatment
guidelines,” and 27 abstracts were reviewed. Four articles published as RP treatment recommendations or guidelines
were reviewed for full content. Pain management for RP is not included in guideline-based care.

Conclusion. There are advances in outcome measures for quantifying pain now available for RP clinical trials.
Large US-based registries for systemic sclerosis using patient-reported outcomes can allow serial data collection on
RP and RP-related digital lesions to provide real-world data on medication efficacy for pain relief.

Introduction

Raynaud phenomenon (RP) is a common painful neurosen-

sory symptom related to digital (finger and toes) vasospasm in

response to cold temperature and emotional stress, and it has a

prevalence of approximately 8% in the United States.1 RP is

a symptom complex related to digital vascular compromise,

which always includes blanching triggered by cold exposure but

is associated with various conditions with different outcomes.2

Primary RP, although symptomatically bothersome, is not associ-

ated with vascular damage or autoantibodies,3 whereas second-

ary RP, related to a connective tissue disease (CTD), typically

exhibits abnormal nailfold microscopy and in its severe form, most

commonly related to systemic sclerosis (SSc), results in

vasculopathy-driven digital lesions. RP is often the earliest symp-

tom of autoimmune disease and is diagnosed by performing a

physical examination of the hand, specifically by assessing digital

pitting, ulceration, and telangiectasias and performing nailfold
capillaroscopy. History and physical examinations can be helpful
in distinguishing painful mimics of RP. Ancillary studies such as
hand radiographs can identify severe autoimmune disease fea-
tures such as digital tip resorption (acro-osteolysis) and calcino-
sis, which are thought to be a tissue response to sustained or
prolonged hypoxia and possibly prevented with vasodilator ther-
apy.4 If results of the physical examination or ancillary studies are
consistent with RP and abnormal, laboratory testing can identify
CTD autoantibodies. In fact, a patient with RP, digital lesions (pits
and/or ulcers), abnormal capillaroscopy, and an SSc autoanti-
body meets classification criteria for this CTD, which has among
the highest morbidity and mortality of all rheumatic diseases.5

Thus, it is critically important to standardize the screening
and treatment of RP, specifically if treatments are preventive.6

Ethnic, cultural, and clinical phenotypic factors appear to contrib-
ute to geographic variation in RP symptom burden in SSc,
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highlighting the value of regional studies.7 This narrative review
addresses the challenges of treatment and opportunities for
understanding longitudinal patterns of pain and pain transitions
related to RP in the United States. The rationale for this review is
that the pain component of RP is not included in current treatment

guidelines that focus on vasodilation, and advances in outcome

measures can inform a state-of-the-art approach to studying this

symptom.

Methods

A comprehensive search of published RP treatment guide-
lines up until September 1, 2025, was performed. Search data-
bases included Medline (PubMed), Embase, and Scopus for the
index terms “Raynaud’s phenomenon treatment guidelines” OR
(Raynauds AND phenomenon AND treat/exp OR treatment)
AND (guidelines/exp OR guidelines). Articles that were diagnostic
guidelines, treatment systematic reviews or meta-analyses of ran-
domized trials, poster presentations, and non-English guidelines
were excluded. If a society guideline was updated, only the most
recent was included. Eligibility, data extraction, and quality
assessment were subject to review by two independent reviewers
(TMF and CGF), with a third reviewer resolving discrepancies (JB).

Results

As shown in Figure 1, 118 published articles were identified by
the search terms “Raynaud’s phenomenon treatment guidelines,”
and 27 abstracts were reviewed. One potentially eligible abstract
from the Chinese Rheumatology Association was excluded as

SIGNIFICANCE & INNOVATIONS
• Recent significant advances in the development of

patient-reported outcomes, which are grounded in
the patient experience, allow for proper quantifica-
tion of Raynaud phenomenon (RP) in systemic scle-
rosis and can allow for understanding of
longitudinal patterns of pain and pain transitions
related to RP.

• The use of vasodilators for pain management in the
United States is significantly impacted by access to
off-label therapies not approved by the US Food
and Drug Administration for this indication.

• There are innovative new assessment tools, such as
automated interpretation of capillaroscopy reports
and remote training, that may assist in improved
diagnosis.

• In this review article, new mechanistic insights for
pain management with vasodilator treatment of
RP are discussed.

Figure 1. Narrative review of published treatment guidelines for RP. ACE, acetylcholine esterase; ARB, angiotensin receptor blocker; BSR/BHPR,
British Society for Rheumatology/British Health Professionals in Rheumatology; CCB, calcium channel blocker; ESVM, European Society for Vascular
Medicine; PDE5I, phosphodiesterase 5 inhibitor; RP, Raynaud phenomenon; SSc, systemic sclerosis; SSRI, selective serotonin reuptake inhibitor.
Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25660/abstract.
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non-English8; others were diagnostic (not treatment) recommen-
dations or a poster. Four articles were published as RP treatment
recommendations or guidelines. These articles included the
EULAR 2023 recommendations for the treatment of SSc,9 the
European Society for Vascular Medicine 2017 recommendations
for the diagnosis and management of RP,2 2018 treatment algo-
rithms by consensus of SSc experts,10 and the British Society for
Rheumatology/British Health Professionals in Rheumatology 2016
guideline for treatment of SSc11 (Figure 2). Pain management for
RP is not included in any of the guideline-based recommendations.
Intravenous prostanoid therapy for RP is in all published guidelines
but is cost-prohibitive in the United States for routine use.

What is already known about this subject?

There are guidelines for the treatment of RP2,9–11 designed to
escalate therapies for severity. The guidelines focus on CTD-
related RP and include use of prostanoids, which is not covered
by insurance companies in the United States and is thus cost-
prohibitive. Although patient education and lifestyle adaptations
are first-line, guideline-based treatments for RP, access to the wide
range of pharmacological options outlined in international
guideline-based care for RP can be difficult in the United States
because there are no US Food and Drug Administration
(FDA)–approved drugs for this indication. Although treatment of
RP aims to minimize the occurrence of painful episodes and pre-
vent hand-related disability, the medication management in guide-
lines focuses on vasodilators. It is also noted that some
medications are associated with exacerbation of RP and thus
should be stopped if digital symptoms worsen.12,13 These

medications can include stimulants taken for attention deficit disor-
der, certain migrainemedications, and beta-blockers. Amedication
review is a critical aspect of clinical trial exclusion criteria for RP.

The FDA requires pharmaceutical intervention to achieve signif-
icance in impacting feel, function, or survival for approval. The regula-
tory authorities in the United Kingdom (Medicines and Healthcare
products Regulatory Agency), the European Union (European Medi-
cines Agency), and Japan (Pharmaceuticals and Medical Devices
Agency) have approved the use of calcium channel blockers
(CCBs), phosphodiesterase 5 inhibitors (PDE5-I), endothelial recep-
tor antagonists, and prostacyclin analogues for the treatment of RP
related to SSc. Since1980 there have been several trials designed
to test treatment of RP and its severe manifestation of digital ulcera-
tion (DU). Key aspects of previous studies include identification that a
clinical trial length should be specific to cold-weather months to cap-
ture drug effect, global representation of study participants but
regional subanalysis to capture environmental effects, and stratifica-
tion of RP severity, including failed prior therapies and disease dura-
tion of SSc. A critical component of outcome measures that are
used in clinical trials is the ability to quantify disease activity versus
prevention or occurrence of irreversible damage.

Nailfold capillaroscopy is used diagnostically to determine if
RP is related to CTD. The importance of this diagnostic test high-
lights that RP secondary to CTD can result in tissue damage,
such as DU. An abnormal capillaroscopy result in the setting of
SSc-specific antibodies has a high probability of the patient meet-
ing classification criteria in the upcoming five years. Thus, this
screening procedure is critical for rheumatologists to perform.
However, there are no formal US-based training programs. His-
torically, this is because capillaroscopy is not a billable procedure

Figure 2. Mechanism of action should address the role of barrier function of vascular endothelium with connective tissue.
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to insurance companies, and the gold standard equipment to
perform capillaroscopy is expensive and time consuming to use
in clinical practice. Advances in low-cost image acquisition with
automated interpretation, as well as online training programs,
have made this critical diagnostic tool feasible. Nailfold capillaro-
scopy also may be helpful for RP clinical trial enrichment, as cap-
illary density dropout is strongly associated with DU, which is a
painful end-stage manifestation. The correlation of other nailfold
abnormalities, such as the presence of microhemorrhage and
abnormal size and shape of the vessels, with pain is less clear.
Nonetheless, with the reduction of costs of devices that capture
nailfold images, online training offered by the EULAR Study
Group on Microcirculation in Rheumatic Diseases, and decen-
tralized capillaroscopy interpretation offered by cloud-based
systems,14,15 US-based rheumatologists will be able to use
nailfold capillaroscopy reliably. The lack of nailfold videocapil-
laroscopy as a diagnostic and prognostic tool in clinical prac-
tice has potentially impeded US-based RP studies.

What does this study add?

There are advances in outcome measures that capture pain,
which can be used in RP clinical trials. The concept of how a ther-
apeutic intervention impacts how a patient feels is a critical aspect
of FDA regulatory approval and underscores the importance of
understanding RP-related pain. Attack rates, severity scores,
participant-preference scores, and physiologic measurements
have underperformed in randomized control trials (RCTs).16,17

Furthermore, the presence of pain related to RP may impact a
patient’s willingness to take therapeutics or enroll in a clinical trial
with this symptom or a resultant DU as the primary outcome, add-
ing selection bias to possible RCT design. As such, easy-to-use
instruments to measure RP must be sensitive to change, reliable,
valid, and grounded in the patient experience.18 The lack of
patient involvement in the conceptual framework, domain genera-
tion, item generation, cognitive interviewing, and respondent bur-
den has been the main criticism of the Raynaud’s Condition Score
(RCS), which is the most widely used instrument in clinical trials
studying moderate to severe RP.19 The RCS uses a 0 to 10 Likert
scale for patients to document in a daily diary their assessment of
the combination of severity, frequency, duration, and impact
of their RP for that day.20 The reporting value is the mean of two
weeks of daily ratings; thus, as a composite assessment, the
RCS does not adequately capture the potential shorter-term
impact of drug effect on symptoms, which has critical importance
of assessment of “feel” for FDA drug approval.21,22 When the
RCS diary threshold was applied to patients with SSc in a real-
world population, it failed to meet all three criteria of feel, function,
and quality of life, highlighting the inability to use this outcome
measure to enrich RP clinical trials for regulatory approval.23,24

An additional concern is that RP outcome measures that incorpo-
rate a patient-perceived functional status can be impacted by

coping strategies independent of prescribed therapeutics, which
highlights that a focus on measures that capture impact on pain
is a critical aspect of RP severity assessments.25,26 Furthermore,
RP clinical management and RP intervention trial designs should
consider temperature patterns.27

RP outcome measures that capture how patients feel and
function might prove superior to diary-based approaches for
assessing condition severity. An international multicenter validation
study of the 27-itemAssessment of Systemic Sclerosis-Associated
Raynaud’s Phenomenon (ASRAP) and the 10-item short form
(ASRAP-SF) showed the questionnaires are valid and reliable novel
patient-reported outcome measures for assessing the severity and
impact of SSc-RP.28,29 The ASRAP questionnaires had good cor-
relation with instruments for assessing disability, hand function,
global health assessment, and perhaps most importantly, if used
for general RP assessments, intensity of pain. The benefit of this
instrument is that it was developed with patient partners with SSc.
Its use in other CTD-related RP or primary RP is not proven. As
such, pain numerical rating scales or diaries may provide better
measurement if used in all RP subsets regardless of etiology.

Although patient reports can capture RP symptom characteris-
tics, objective assessment of digital microvascular function andmor-
phology is helpful for understanding potential mechanisms of
disease. Measurement of the temperature of the digits and thermal
gradient (temperature of digits minus temperature of dorsum of the
hand) may help discern treatment effect in RP.30 In conjunction with
nailfold capillaroscopy, point-of-care thermographic imaging is a
noninvasive quantitative tool for assessing peripheral vasculopa-
thy.31 Functional microcirculatory changes are evident in both pri-
mary RP and RP-related to CTD, thus an important aspect of
assessment; however, it is noted that pain and paresthesia are more
common in RP related to CTD.32,33 This distinction of painful blanch-
ing of the skin guiding prescribed therapies is important contextually
for understanding guideline-based care for RP treatment.2,9,34

How might this impact clinical practice or future
developments?

Including pain-related mechanisms for RP allows expansion of
studies on the mechanism of action of therapies prescribed for
RP. RP is considered a disorder of vascular thermoregulatory con-
trol. In non–CTD-related RP, in which nailfold capillaroscopy is nor-
mal, vasospasm of the digital and cutaneous vessels is believed to
occur because of an increased α2C-adrenergic response located
on vascular prejunctional terminals and smooth muscle and does
not result in vascular pathology.35 As such, a drug targeting vascu-
lar thermoregulatory control mechanisms is important for RP
symptomatic modification. In CTD-related RP, in which vascular
structural and functional changes, combination therapies which
address symptoms and vascular damage may be needed.

Preclinical models of CTD-related RP and SSc delineate the
relative contributions of specific ligands, receptors, their signaling
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pathways, and feedback mechanisms and have been challenged
by lack of fidelity for features of vasculopathy, fibrosis, and auto-
immunity. Skin biopsies support the importance of abnormal
endothelium and microvascular pericytes in CTD-related RP,
which are not present in primary RP. Unbiased spatial proteomics
with single-cell resolution in skin biopsy tissues further support
the role of the endothelial cell in patients with SSc that expresses
markers for endothelial-to-mesenchymal transition and is located
in close proximity to immune cells and myofibroblasts.36 Specifi-
cally, pericytes are perivascular mesenchymal stem cells with
macrophage-like properties embedded within the endothelial
basement membrane and are found primarily around blood
capillaries, precapillary arterioles, postcapillary venules, and col-
lecting venules to facilitate and assimilate cell communication.
The neurotransmitter noradrenaline, released by sympathetic
nerve endings, activated α2-adrenoceptor on pericytes, which
leads to vessel constriction.37 The potential of vascular therapeu-
tics that can target the pericyte is intriguing. It is critically important
to understand the role of immune-mediated vascular dysregula-
tion in CTD-related RP pain.

Therapeutics for RP can target the vascular lumen, barrier
function, smooth muscle, or surrounding connective tissue
(Figure 2). The wall-to-lumen ratio of the radial artery in primary RP
and SSc-related RP is reduced and functionally impaired.38,39

Treatment with an essential cofactor for endothelial nitric oxide
(NO) can improve endothelial function in SSc40,41; however, accu-
mulating evidence supports that the interplay between carbon
monoxide, generated by heme oxygenase and NO plays a crucial
role in vascular homeostasis and regeneration by improving endo-
thelial cell communication with neighboring cells, including smooth
muscle cells, immune cells, and pericytes.42 Nifedipine, a first-line
therapy and one of the most widely used pure L-type CCBs for
treatment of patients with RP, is hypothesized to reduce osteoblas-
tic differentiation of pericytes, thus reducing vascular calcification
that may be important for calcinosis. Of note, cilnidipine is a newer
fourth-generation CCB with both L-type and N-type Ca2+ channel
blockade that has renoprotective, cardioprotective, and neuropro-
tective effects through direct effect on sympathetic nerve end-
ings.43 Cilnidipine has potentially clinically relevant activity at
Nav1.7, a target in pain treatment, and is effective as a combination
therapy with PDE5-I.44 Cilnidipine is currently under investigation
for SSc-RP efficacy, safety, and SSc-RP–related pain.

In severe RP or failing first-line CCB treatment, prescription of
a PDE5-I, which protects cGMP from degradation-mediating vas-
cular smooth muscle relaxation through NO signaling, is consid-
ered second-line therapy for RP.45 Of interest, the mechanism of
action of pentoxifylline, which can be consider in RP, may be
related to phosphodiesterase inhibition in addition to platelet sensi-
tivity to the antiaggregatory action of endogenous prostaglandin I2,
which is an unstable cyclooxygenase metabolite detected first in
vascular endothelial cells and is associated with the amelioration
of pericyte reduction and the transition to myofibroblasts.46

Although PDE4-I has not been specifically studied in RP, the
PDE4 subfamily (PDE4A, PDE4B, PDE4C, and PDE4D) selectively
degrades cAMP and plays a vital role in regulating the balance of
second messengers in various tissues.47 PDE4 is the major sub-
type of PDE enzymes expressed in immune and inflammatory cells
and is under investigation in SSc interstitial lung disease for the
potential effect of reversibility of vascular-mediated fibrosis.48

Prostacyclin analogues, most commonly intravenous iloprost,
are reserved for severe RP, usually after CCB and PDE5-I treat-
ments fail, but have cost-prohibitive prescription restrictions in the
United States when used for the primary indication of RP.45 Fluox-
etine, a serotonin reuptake inhibitor, is a cost-effective alternative
treatment for mild RP when blood pressure side effects limit vaso-
dilators. Experimental data suggest that serotonin drives fibrosis
in the skin and visceral organs, promotes platelet aggregation,
induces vasoconstriction, and increases pulmonary vascular resis-
tance; thus, it remains an interesting therapeutic target for CTD-
related RP.49,50 Local therapies such as digital Botox injections
may prevent the oxidant-induced intracellular accumulation of
reactive oxygen species in vascular endothelial cells and may be
considered an important pain management strategy.51,52 The iden-
tification of neuropathic pain may benefit from adjuvants such as
gabapentinoids and antidepressants, with temporary use of opi-
oids sometimes required in severe cases with digital ischemia.53

Opportunities for clinical trials for RP

It is critical to study primary and CTD-related RP concurrently to
clarify medication effectiveness, but it is important to stratify patients
based on capillaroscopy, disease severity, and duration. The FDA
defines a basket trial as a master protocol study designed to test a
single investigational drug or drug combination in different popula-
tions defined by disease stage, histology, number of prior therapies,
genetic or other biomarkers, or demographic characteristics. This
design allows a strong response signal seen in a substudy (ie, SSc-
RP) to allow for expansion to generate further data to support regu-
latory approval.54 The use of platform clinical trial design may be
possible in unique populations, such as the Veterans Health Admin-
istration (VHA). Our previous study data from the VHA suggests that
CCB medications are potentially being underused for RP and SSc
treatment.55 Furthermore, well-defined disease populations, such
those in the Collaborative National Quality and Efficacy Registry for
SSc, allow integration of disease duration into outcome assess-
ments, such as pain related to RP and DU.56

Conclusions

Treatment of pain related to RP is a challenge for health care
providers in the United States due to diagnostic and training limi-
tations and therapeutic access to guideline-based vasodilator
medications, such as cost-prohibitive prostanoids. The use of
capillaroscopy can allow the identification of patients with CTD
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who require medication therapy. Advances in outcome mea-
sures, such as the ASRAP, will allow improved clinical trial design
for RP that can meet FDA rigor for significant impact on feel and
function. Preclinical models and secondary outcomes, which
focus on pericyte biology and mechanism of fibrotic reversal, offer
hope to patients with SSc with painful DU. Clinical trial design
should include both primary and CTD-related RP to clarify thera-
peutic effect and the mechanism of painful skin blanching to best
understand patterns of pain-related to RP in the United States.
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Longitudinal Trajectories of Pain Sensitization Over Nine
Years in People With or at Risk of Knee Osteoarthritis

Kosaku Aoyagi,1 Na Wang,2 Michael LaValley,3 Sarah Tilley,2 Laura Frey-Law,4 Cora E. Lewis,5 Michael Nevitt,6

and Tuhina Neogi2

Objective. Pain sensitization is common in knee osteoarthritis (OA) and is associated with pain severity and func-
tional limitations. Whether pain sensitization is induced by OA or it may be an inherent trait remains unclear. We evalu-
ated pain sensitization trajectories and their relations to symptoms in people with or at risk of knee OA.

Methods. We used data from four study visits of the Multicenter Osteoarthritis Study over a nine-year period. We
agnostically identified pain sensitization trajectory groups defined by wrist and knee pressure pain thresholds (PPTs)
over nine years using group-based trajectory methods stratified by sex. We evaluated the relations of the wrist and
knee PPT trajectory groups to Western Ontario and McMaster Universities Arthritis Index (WOMAC) knee pain and
function at the final visit using separate linear regression models.

Results. We included 1,271 participants (mean age 65 years, 61% female, mean body mass index 31 kg/m2) and
identified three distinct trajectory groups in both women and men: low, moderate, and high PPTs. Overall, the PPT tra-
jectories changed minimally over time in each group. Compared to the low PPT trajectory groups (the most sensitized
groups), the moderate and high PPT groups had better WOMAC pain and function at the final assessment nine years
later.

Conclusion. We identified stable but distinct pain sensitization trajectories over nine years despite likely changes in
disease course and treatments over time, suggesting that individuals with knee OA may be predisposed to having dif-
ferent degrees of sensitization as an inherent trait, which in turn likely influences their pain experience and functional
status.

INTRODUCTION

Osteoarthritis (OA) commonly affects the knee and has a
worldwide prevalence of �600 million people.1,2 Knee OA is gen-
erally a progressive disease, albeit slowly, over time, and there are
no current treatments available to halt or alter its progression.3

Knee pain is the primary symptom of knee OA and is a leading
cause of functional limitations.1,4,5 There is a recognized discor-
dance between pain and structural (radiographic) pathology in
knee OA, suggesting that other factors must be importantly
influencing the pain experience.3 One such factor that is increas-
ingly recognized to contribute to pain severity in OA is pain sensi-
tization, which refers to altered nociceptive signaling in the

peripheral and/or central nervous system, with nociceptors
becoming more responsive to subthreshold input and even non-
noxious input.3 In addition to contributing to pain severity, mea-
sures of pain sensitization are also associated with functional
limitations.6–8 A key question remains as to what causes pain sen-
sitization. Understanding the underpinnings of pain sensitization
would provide additional avenues for more comprehensive man-
agement of symptomatic OA, a disease for which there are limited
efficacious and safe treatment options.

Animal models have demonstrated that pain sensitization
can be induced through increased peripheral nociceptive input
from chronic inflammation or joint injury.9,10 If this were the case
in human OA, then one would expect that pain sensitization would
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worsen as OA develops and progresses due to increased periph-

eral nociceptive input from OA pathology. Conversely, if OA

pathology contributes substantially to pain sensitization, one

might also expect that interventions such as total knee

replacement could lead to improvements in sensitization. Addi-

tionally, psychological symptoms and emotional distress are

associated with pain sensitization even without actual tissue

damage in the periphery.11 Centrally acting pain medications

such as duloxetine, which is approved for management of

OA, may also be used for symptomatic relief and could poten-

tially affect pain sensitization.12 Thus, it is possible that pat-

terns of pain sensitization may change or fluctuate over time

because such associated factors or treatments may change

over time (ie, pain sensitization as a state, a temporary condi-

tion influenced by modifiable factors). On the other hand, there

are some recent data suggesting that pain sensitization may be

an inherent trait that is present regardless of the severity of

radiographic features of OA and may predate development of

persistent knee pain.6,7 With this latter scenario, one would

expect that pain sensitization measures would remain relatively

stable over time regardless of the course of OA pathology and

associated psychological comorbidities or treatments (ie, pain

sensitization as an inherent trait, a stable predisposition that

varies across individuals).
A greater understanding of pain sensitization patterns and

their impact over time would provide important insights into
whether pain sensitization may be an inherent trait that is not
influenced meaningfully by OA pathology. Such insights would,
in turn, provide greater impetus for developing treatment strat-
egies targeting pain sensitization as an additional avenue for
managing the symptom burden of OA and clinical assess-
ments of pain sensitization to aid symptomatic prognosis in
OA. Thus, we sought to evaluate patterns of pain sensitization
over time and the relation of those patterns to pain severity

and function using data from a large cohort of people with or
at risk of knee OA.

MATERIALS AND METHODS

Study sample. We used data from the Multicenter Osteo-
arthritis Study (MOST). The MOST is a National Institutes of
Health–funded longitudinal cohort study of 3,026 older adults
aged between 50 and 79 years old with or at risk of knee
OA. Knee OA status was determined by radiographic evaluation
using Kellgren–Lawrence grade ≥2. Risk of knee OA was defined
by the presence of knee symptoms, being overweight, or a history
of knee injury or surgery. Details of the study protocol have been
published elsewhere.13–15 The study protocol was approved by
the institutional review boards at the University of Iowa; University
of Alabama, Birmingham; University of California, San Francisco;
and Boston University School of Medicine. The first study visit at
which measures of pain sensitization were obtained was at the
fifth-year visit. Thus, the fifth-year visit served as the baseline for
these analyses. For these analyses, we included data from the
subsequent study visits that occurred over a total 9-year period:
7th-, 12th-, and 14th-year study visits, reflecting 2, 7, and 9 years
of follow-up, respectively. We excluded those with peripheral neu-
ropathy, rheumatoid arthritis, and other inflammatory arthritis from
the study. We also excluded data post–knee replacement surgery
as needed (see statistical analysis section for details) because
such surgeries could potentially alter pain sensitivity due to the
procedure itself and thereby limit our ability to evaluate the natural
longitudinal trajectories of pain sensitization over time.

Measures of pain sensitization. Pressure pain
threshold. We evaluated pressure pain threshold (PPT) as the
measure of pain sensitization for these analyses. PPT is a reliable
measure of pain sensitization evoked by mechanical stimula-
tion.6,16 PPT at the primary site of pathology (eg, knee) is thought
to reflect peripheral sensitization with or without central sensitiza-
tion, whereas PPT at a distant body site unrelated to the primary
site of pathology, such as the wrist, is thought to reflect central
sensitization because it reflects sensitivity outside the area of
pain.6,17 We measured PPT at the right distal radioulnar joint
(wrist) and the patella (knee) using a handheld pressure algometer
(1-cm2 rubber tip; Wagner FDIX25) applied at a constant rate of
0.5 kg/second, with values recorded in kilograms per square cen-
timeter. PPT was defined as the point at which the participant
indicated that the pressure first changed to slight pain. The PPT
at each anatomic site was calculated by averaging three trials.
Lower PPT values indicate greater pain sensitivity. PPTs were
performed by trained staff, with demonstrated accuracy relative
to a master examiner for staff to be certified. Fourteen-day test–
retest reliability of PPT within the MOST was excellent, with intra-
class correlation coefficients ranging from 0.85 to 0.90, indicating
high consistency of repeated measurements.6

SIGNIFICANCE & INNOVATIONS
• Pain severity and functional limitations in people

with knee osteoarthritis (OA) are influenced by pain
sensitization, but whether pain sensitization
changes over time in response to OA worsening or
remains stable as an inherent trait is not known.

• We found that pain sensitization trajectories
remained stable over nine years, despite likely pro-
gression of OA, suggesting pain sensitization as an
inherent trait rather than a consequence of
OA. Further, participants likely used various treat-
ments over the nine-year period, indicating that
existing treatments do not meaningfully impact
pain sensitization.

• These findings underscore the need for novel treat-
ment strategies targeting pain sensitization as a
means to improve pain and function in knee OA.
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Clinical outcomes: pain severity and function. The
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) pain subscale (0–20 score) and function subscale
(0–68) were used to assess pain severity and physical function
at the final study visit at the end of nine years of follow-up.18 The
pain and function subscales consist of 5 questions and 17 ques-
tions, respectively, and each is assessed on a 0 to 4 Likert scale
(none [0], mild [1], moderate [2], severe [3], and extreme [4]). The
WOMAC pain subscale was obtained as a knee-based assess-
ment, whereas the WOMAC function was obtained as a person-
based assessment. Higher WOMAC scores represent greater
pain severity and worse physical function.

Statistical analysis. To assess patterns of pain sensitiza-
tion over time, we used discrete group-based trajectory methods
using the SAS macro PROC TRAJ procedure to agnostically
identify pain sensitization trajectory groups using wrist and knee
PPT data over the four time points across nine years. This
group-based trajectory method is a data-driven approach that
agnostically identifies patterns or shapes of change over time
without assumptions, distributes individual observations to the
corresponding trajectory group, and estimates missing data using
maximum likelihood estimation19–23 under the standard assump-
tion of data missing at random. To determine the patterns of pain
sensitization trajectories, we included both linear and quadratic
terms to capture linear and/or curvilinear trends.21

For knee PPT, we used the more painful knee or selected the
right knee if both knees were equally painful. We included PPTs
from those who had knee replacement surgery if they had a mini-
mum of two PPT time points available before knee replacement
because PROC TRAJ accommodates missing data.19–24 These
participants could still be included in trajectory estimation based
on their available presurgery data. We stratified trajectory group
assessments by sex because prior studies have consistently
shown lower PPT values in women patients than in men patients,
which may reflect sex-related differences in pain processing related
to pain sensitization.25–27 Therefore, four different sets of pain tra-
jectory analyses were performed (ie, wrist PPT trajectories in
women and men and knee PPT trajectories in women and men).

We required a trajectory group to have a minimum of 5% of
the sample to avoid overfitting and provide clinically meaningful
and distinct patterns in pain sensitization over time.21 We
assessed model fit using Akaike information criterion, Bayesian
information criterion, and posterior probability of group
membership,20,21,23 which evaluates the likelihood of individual
observations belonging to each trajectory group. A higher poste-
rior probability (ie, closer to 1.0) indicates a higher likelihood an
individual’s trajectory pattern fits within the border of the trajectory
group. A posterior probability of at least 0.7 is recommended as a
minimum threshold for adequate model fit.19 We assigned each
observation to the trajectory group with the highest posterior
probability of group membership. We compared multiple model

specifications (eg, three- to six-group solutions) and selected the
three-group model based on the combination of sample size,
model fit statistics, and clinical interpretability. For each trajectory
group, we described their general characteristics, including mean
(±SD) age, percentage female, mean (±SD) body mass index
(BMI), percentage White, percentage with depressive symptoms
(based on cutoff of ≥16 on Center for Epidemiologic Studies
Depression Scale28), percentage with catastrophizing (one item
from the Coping Strategies Questionnaire, with score ≥1 defined
as the presence of mild or greater pain catastrophizing29), and
percentage with radiographic knee OA, defined as presence of
tibiofemoral OA (Kellgren–Lawrence grade ≥ 2) and/or patellofe-
moral OA (osteophyte score ≥2, or joint space narrowing score
≥2 with any osteophyte, and sclerosis or cyst score ≥1 on the lat-
eral view), or knee replacement.

We then evaluated the relations of the trajectory groups to
WOMAC knee pain at the final study visit (ie, fourth PPT assess-
ment visit) using knee-based linear regression models with gener-
alized estimating equations to account for the correlation
between two knees within an individual for WOMAC knee pain.
Similarly, we evaluated relations of the PPT trajectory groups to
WOMAC function using separate person-based linear regres-
sion models. In the main analyses, we performed Tobit regres-
sion models because our outcome values are negatively
skewed, with >25% of the sample having a value of 0 for
WOMAC pain or function.30,31

In addition, we performed sensitivity analyses limited to those
with a patient acceptable symptom state (PASS) for pain (ie,
WOMAC pain ≥ 5.35/20)32 and for function (ie, WOMAC function
≥ 21.08/68),33 respectively, at baseline. This was done in an
attempt to minimize the potential for reverse causation because
those with the worst pain at baseline may also be the most likely
to have the greatest sensitization, and thus, it would be expected
that this group would continue to have the worst pain at the final
study visit. We used the same discrete group-based trajectory
methods in these samples as described above. We then evalu-
ated the relations of the PPT trajectory groups to the risk of failing
to maintain PASS at the final study visit using separate log-
binomial regression models. All analyses were adjusted for the fol-
lowing potential confounders: age, sex (female or male), BMI
(a continuous variable), race and ethnicity (a nominal variable as
a proxy for numerous differential structural systemic societal
impacts), clinic site (data collection sites of the MOST in either
Iowa or Alabama), depressive symptoms (a binary variable), and
pain catastrophizing (a binary variable). All analyses were con-
ducted using SAS version 9.4 (SAS Institute).

Data availability and ethics approval. Deidentified
data were used for this work. Investigators may request data
access from the MOST investigators. This study received
approval from the following: Boston University Medical Campus
Institutional Review Board (protocol H-32821), The University of
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Iowa Institutional Review Board (201511711), University of Ala-
bama at Birmingham Institutional Review Board (000329007),
and University of California, San Francisco, Institutional Review
Board (10-00500).

RESULTS

A total of 1,271 participants were included in this study
(mean age 65 years, 61% female, 88% White, and mean BMI
31 kg/m2). Radiographic knee OA, depressive symptoms, and
pain catastrophizing were present in 60%, 8%, and 53% of the
participants, respectively.

PPT trajectory groups. We identified distinct wrist and
knee PPT trajectory groups over nine years. Each trajectory group
was linear; we did not find any statistically significant quadratic
terms indicating the presence of curvilinear trajectory patterns.

Wrist PPT trajectory groups.We identified three distinct wrist
PPT trajectory groups over nine years for both women and men,
which we have characterized as high, moderate, and low PPT
groups, with the lowest PPTs indicating the most pain-sensitized
groups (Figure 1). Low, moderate, and high wrist PPT trajectory
groups had a prevalence of 71.7%, 22.4%, and 5.9% among
women and 53.9%, 36.1%, and 10.0% amongmen, respectively.
The mean posterior probability ranged from 0.84 to 0.98 for

women and 0.75 to 0.98 for men, respectively, indicating good
to excellent probabilities that each observation belongs to the cor-
responding trajectory groups. The trajectories of the moderate
and low PPT groups for both women and men remained relatively
flat over nine years. The trajectories of the high PPT groups for
women and men changed minimally, with women having
decreased slightly, whereas men increased slightly over the nine
years, though all changes were within a 1-kgf/cm2 range, which
is less than a meaningful difference in knee OA.34,35

Baseline characteristics of the wrist PPT trajectory groups
are presented in Table 1. Demographics and the presence of
radiographic knee were similar across all trajectory groups: mean
age �65 years, �83% White, mean BMI �30 kg/m2, and �55%
with radiographic knee OA. The low and moderate wrist PPT
groups (ie, the more sensitized groups) had a higher percentage
of women with depressive symptoms than the high PPT group
(12%, 11%, and 7%, respectively), whereas low, moderate, and
high wrist PPT trajectory groups had 5%, 3%, and 10% of men
who had depressive symptoms, respectively. The low PPT
groups had the highest proportion of people with catastrophizing
for both women and men.

Knee PPT trajectory groups. Similar to the wrist PPT trajec-
tory groups, we identified three knee PPT trajectory groups for both
women and men separately, which we also characterized as low,
moderate, and high PPT groups (low PPT group indicates themost

Figure 1. Wrist PPT trajectory groups: (A) women and (B) men. Solid lines are the estimates for the wrist PPT trajectories over nine years, and
dashed lines are 95% confidence intervals around the estimates. MOST, Multicenter Osteoarthritis Study; PPT, pressure pain threshold.
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pain-sensitized group; Figure 2). Low, moderate, and high knee
PPT trajectory groups had a prevalence of 55.8%, 32.5%, and
11.7% among women and a prevalence of 21.1%, 44.5%,
and 34.4% amongmen, respectively. The median posterior proba-
bility ranged from 0.83 to 0.97 for women and 0.84 to 0.97 for

men, respectively, indicating good to excellent probabilities that
each observation belongs to the corresponding trajectory groups.
The PPTs in each of the trajectory groups remained fairly stable
over time. Baseline characteristics of the knee PPT trajectory
groups were similar to the wrist PPT trajectory groups, with

Table 1. Participant characteristics of wrist PPT trajectory groups*

Wrist PPT trajectory groups

Women Men

Low (n = 544)
Moderate
(n = 170) High (n = 45) Low (n = 276)

Moderate
(n = 185) High (n = 51)

Age, mean (±SD), y 65.6 (±7.2) 65.4 (±7.0) 63.1 (±6.7) 64.9 (±7.3) 65.1 (±7.2) 62.5 (±6.3)
White, n (%) 435 (80) 141 (83) 39 (86) 231 (84) 163 (88) 46 (90)
BMI, mean (±SD), kg/m2 30.1 (±6.0) 30.8 (±6.6) 32.4 (±8.5) 30.3 (±5.2) 30.2 (±4.9) 31.0 (±4.5)
Depressive symptom, n (%) 63 (11.6) 18 (10.6) 3 (6.7) 14 (5.1) 5 (2.7) 5 (9.8)
Catastrophizing, n (%) 288 (52.9) 72 (42.4) 17 (37.8) 124 (44.9) 58 (31.4) 12 (23.5)
Radiographic knee OA, n (%) 293 (53.8) 100 (58.8) 28 (62.2) 160 (58.0) 93 (50.3) 26 (51.0)
Knee OA KL grade, n (%)
0 194 (35.7) 56 (32.9) 15 (13.3) 105 (38.0) 84 (45.4) 32 (45.1)
1 63 (11.6) 19 (11.2) 5 (11.1) 32 (11.6) 30 (16.2) 6 (11.8)
2 122 (22.4) 41 (24.1) 10 (22.2) 51 (18.5) 20 (10.8) 4 (7.8)
3 113 (20.8) 35 (20.6) 8 (17.8) 44 (15.9) 37 (20.0) 11 (21.6)
4 38 (7.0) 16 (9.4) 6 (13.3) 33 (12.0) 10 (5.4) 5 (9.8)

* Radiographic knee OA was defined as the presence of tibiofemoral OA (KL grade ≥ 2) and/or patellofemoral OA (osteophyte
score ≥2 or joint space narrowing score ≥2 with any osteophyte, sclerosis, or cyst score ≥1 on the lateral view). BMI, bodymass
index; KL, Kellgren–Lawrence; OA, osteoarthritis; PPT, pressure pain threshold.

Figure 2. Knee PPT trajectory groups: (A) women and (B) men. Solid lines are estimates for the wrist PPT trajectories over nine years. Dashed
lines are 95% confidence intervals around the estimates. MOST, Multicenter Osteoarthritis Study; PPT, pressure pain threshold.
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demographic and radiographic knee OA characteristics being sim-
ilar across trajectory groups (Table 2). The low knee PPT group (ie,
most sensitized group) had the highest percentage of people with
depressive symptoms and pain catastrophizing.

Relation of pain sensitization trajectories to
WOMAC pain and function at the 14th-year study visit.
Overall, as compared to the low trajectory group (the most sensi-
tized trajectory group), moderate and high trajectory groups had
better WOMAC pain and function scores at the final assessment

(ie, after nine years; Figure 3; Supplementary Table 1). In general,
both women and men in the moderate and high trajectory groups
had WOMAC pain scores that were one to two units lower than
those in the low trajectory groups. Similar patterns were seen for
WOMAC function, as well as for the knee PPT trajectory groups
(Figure 4; Supplementary Table 2).

Pain sensitization trajectories and PASS status at
the 14th-year study visit. In the sensitivity analyses, we had
545 participants who met WOMAC pain PASS and

Table 2. Participant characteristics of knee PPT trajectory groups*

Knee PPT trajectory groups

Women Men

Low (n = 424)
Moderate
(n = 247) High (n = 89) Low (n = 108)

Moderate
(n = 228) High (n = 176)

Age, mean (±SD), y 65.4 (±7.2) 65.6 (±7.2) 64.8 (±6.6) 64.0 (±7.4) 64.9 (±7.4) 65.0 (±6.9)
White, n (%) 381 (90) 204 (83) 76 (86) 99 (92) 210 (92) 141 (80)
BMI, mean (±SD), kg/m2 31.3 (±6.5) 29.4 (±6.0) 29.0 (±5.5) 31.0 (±5.3) 30.5 (±5.2) 29.8 (±4.5)
Depressive symptom, n (%) 54 (12.7) 21 (7.95) 9 (10.1) 9 (8.0) 9 (4.0) 6 (3.4)
Catastrophizing, n (%) 220 (51.9) 124 (47.0) 33 (37.8) 48 (42.5) 90 (40.4) 56 (31.8)
Radiographic knee OA, n (%) 224 (52.8) 146 (56.4) 51 (58.0) 61 (57.0) 127 (59.4) 91 (52.3)
Knee OA KL grade, n (%)
0 153 (36.1) 82 (33.3) 30 (33.7) 49 (45.4) 87 (38.2) 76 (43.2)
1 44 (10.4) 35 (14.2) 8 (9.0) 10 (9.3) 35 (15.4) 23 (13.1)
2 93 (21.9) 55 (22.4) 24 (28.1) 22 (20.4) 32 (14.0) 21 (11.9)
3 94 (22.2) 44 (17.9) 18 (20.2) 12 (11.1) 39 (17.1) 41 (23.3)
4 29 (6.8) 24 (9.8) 7 (7.9) 12 (11.1) 24 (10.5) 12 (6.8)

* Radiographic knee OA was defined as the presence of tibiofemoral OA (KL grade ≥ 2) and/or patellofemoral OA (osteophyte
score ≥2 or joint space narrowing score ≥2 with any osteophyte, sclerosis, or cyst score ≥1 on the lateral view). BMI, bodymass
index; KL, Kellgren–Lawrence; OA, osteoarthritis; PPT, pressure pain threshold.

Figure 3. Relation of wrist PPT trajectory groups to WOMAC pain and function at the 14th visit. Black dashed horizontal line denotes the null
effect (β = 0). Estimates whose 95% CIs cross this line are not statistically different from the reference (Low wrist PPT) group; values below the line
indicate lower (better) WOMAC pain/function scores. CI, confidence interval; PPT, pressure pain threshold; WOMAC, Western Ontario and
McMaster Universities Arthritis Index.
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594 participants who met WOMAC function PASS at baseline.
Similar to the main analyses, we identified three distinct trajecto-
ries with moderate and low PPT trajectories being relatively stable
over nine years, with an exception for wrist PPT trajectories in
women in whom the WOMAC function sample had only two tra-
jectories. The trajectories and corresponding posterior probabili-
ties are summarized in Supplementary Figure 1. Baseline
characteristics of PPT trajectory groups among those who met
PASS at baseline were similar to the main cohort (summarized in
Supplementary Table 3).

Approximately 85% to 90% of the sample within each tra-
jectory group maintained PASS status, whereas �10% to 15%
failed to maintain PASS status at the final assessment at the
ninth year of follow-up. To evaluate these trajectory groups
and PASS status at the final visit, we combined moderate and
high PPT trajectory groups due to the limited sample size. We
evaluated the risk of failing to maintain the PASS status at the
final visit among the lowest PPT groups (the most sensitized
groups) compared with the combined higher PPT groups.
Overall, there were no significant associations. The numerical
trends indicated that the low PPT groups had a higher risk of
failure to maintain the WOMAC pain PASS status at the final
visit, but no such trends were noted for WOMAC function
PASS status. For example, the low wrist PPT group in women
had a 54% greater risk of failing to maintain the WOMAC pain
PASS status as compared to the moderate and high wrist
PPT groups, but this did not reach statistical significance

(adjusted risk ratio 1.54, 95% confidence interval 0.91–2.62;
Supplementary Table 4).

DISCUSSION

We found three distinct pain sensitization trajectory groups
assessed with either wrist PPT or knee PPT over nine years in
both women and men with or at risk of knee OA. The slopes of
the trajectories remained relatively stable over nine years, indicat-
ing that the degree of sensitization did not appear to worsen or
improve over time despite likely changes in OA status and poten-
tial therapies used over nine years. Additionally, the trajectory
groups were associated with both pain severity and physical
function at the final visit (ie, after nine years of follow-up), with the
most sensitized group exhibiting the greatest pain severity and
functional limitations. These findings provide novel insights into
the varying degrees of pain symptoms and functional limitations
experienced by individuals with OA.

To our knowledge, this is the first study to identify longitudinal
trajectories of pain sensitization in knee OA and evaluate their
associations with clinical outcomes. A recent systematic review
and meta-analysis reported that pain sensitization assessed with
quantitative sensory testing (QST), including PPT, may remain
stable over time in people with whiplash-associated disorders,36

although the conclusion was made based on short-term follow-
up (ie, between baseline and 3- or 12-month assessments).37,38

Our study extends these shorter-term studies to provide data

Figure 4. Relation of knee PPT trajectory groups toWOMACpain and function at the 14th visit. Black dashed horizontal line denotes the null effect (β=0).
Estimates whose 95% CIs cross this line are not statistically different from the reference (Low wrist PPT) group; values below the line indicate lower (better)
WOMAC pain/function scores. CI, confidence interval; PPT, pressure pain threshold; WOMAC, Western Ontario and McMaster Universities Arthritis Index.

TRAJECTORIES OF PAIN SENSITIZATION IN KNEE OA 119



over multiple time points over nine years. We had hypothesized
that pain sensitization trajectories would change or fluctuate over
time because OA would be expected to progress over nine years,
other factors such as psychological symptoms may change over
time, and different treatment modalities may be instituted, which
in turn may potentially influence pain sensitization.11 However, in
our study, we noted distinct and stable pain sensitization trajecto-
ries over nine years. This finding suggests that individuals might
be predisposed to have different degrees of pain sensitivity as
inherent traits, or at least due to factors unrelated directly to OA
pathology. Additionally, the lack of changes in sensitization levels
over nine years despite the possibility that individuals used various
treatments to manage symptoms suggests that existing manage-
ment options have limited impact on pain sensitization.

We also found that pain and functional limitations were asso-
ciated with pain sensitivity trajectory groups. Pain sensitization,
particularly central sensitization, may disrupt the integrity of
sensorimotor and motor cortices through altered nociceptive
signaling.9,39–41 This may involve disinhibition of the motor cortex,
potentially driven by reduced GABAergic activity and/or increased
levels of brain-derived neurotrophic factor.42,43 Such changes
can impair motor planning and coordination, leading to inefficient
or maladaptive movement strategies that contribute to functional
limitations, independent of pain intensity.8,9,42–44 A recent study
reported that pain sensitization assessed with QST was cross-
sectionally associated with WOMAC function.8 Our findings add
further insights into longitudinal associations of pain sensitization
with physical function in knee OA. Sensitivity analyses conducted
to address potential reverse causation by examining those with
PASS at baseline were limited by precision but generally sup-
ported the main findings of greater pain sensitization at baseline
being associated with poor pain outcome over time. In contrast,
we did not find that the most sensitized group had a greater risk
of failing to meet the PASS for function over the nine-year follow-
up period, potentially indicating that a longer follow-up may be
needed to observe the findings of the main analyses. Alternatively,
individuals may have developed compensatory strategies to
maintain physical function despite persistent pain sensitivity.
These adaptations could help explain why the most sensitized
group did not have a greater risk of failing to meet the PASS for
function over the nine-year follow-up period.

The observation of similar longitudinal trajectories for wrist
and patellar PPT groups may suggest that different individuals
have distinct inherent traits both centrally and peripherally or that
a shared central component was acting on the knee PPT as well.
Additionally, both wrist and patellar PPT trajectory groups had
similar results in their associations with pain severity and physical
function, which aligned with our prior work in which both periph-
eral sensitivity and central sensitivity were associated with knee
pain severity.6 Our results were also similar between women and
men, though overall, women had lower PPT values than men,
which are thought to reflect one dimension of pain sensitization

(Supplementary Tables 5 and 6), as reported from prior
studies.25–27

Our findings provide some clinical implications. First, people
with pain sensitization (ie, greater pain sensitivity) may anticipate
experiencing more severe symptoms over time than those with
less pain sensitivity. Second, the observed stability in pain sensi-
tivity trajectories over nine years, despite the administration of var-
ious treatments during this period, suggests a lack of effective
treatments targeting pain sensitization to date. The identification
of distinct and stable trajectory groups such as stable low PPT
may help clinicians recognize subgroups of patients who are at
greater risk for persistent symptoms and guide monitoring or sup-
port more personalized care. Our findings underscore the need
for novel treatment approaches targeting pain sensitization to mit-
igate knee OA symptoms over time.

We have several limitations to acknowledge. Although we
found three distinct trajectory groups for each set of analyses,
variability within the groups may have been obscured (ie, subsets
that did indeed have some improvement or worsening over time),
but overall, those did not dominate sufficiently to identify separate
distinct groups with such patterns. The identified trajectories were
the best model fit and support that pain sensitization remained
stable over nine years for the majority of individuals. Second, the
average knee pain severity and functional limitations in our sample
were relatively mild. Therefore, our results may not be fully appli-
cable to people with more severe knee pain and/or severe
functional limitations. Third, our analysis did not include QSTmea-
sures of temporal summation or conditioned pain modulation,
which are also thought to assess alterations in nociceptive signal-
ing. The absence of these measures may limit the breadth of our
evaluation of pain sensitization mechanisms. Fourth, we did not
analyze treatments occurring over the nine-year period in relation
to trajectory group membership, which limits our ability to inter-
pret the impact of pain management on the stability of sensitiza-
tion. Nonetheless, it is reasonable to assume that individuals
with knee OA likely received various forms of treatment during this
time, and despite that, the trajectories remained relatively stable
over that time. Finally, >80% of participants were White, reflecting
the underlying cohort in the current analysis; thus, our findings
may not be applicable to other demographic groups.

In summary, we identified three distinct and stable pain sen-
sitization trajectory groups over nine years for both women and
men with or at risk of knee OA, and the different sensitization
groups had different levels of knee pain severity and functional
limitations. The slopes of the trajectory groups remained relatively
stable despite the likelihood of structural OA progression over this
time, which may be expected to result in greater nociceptive input
or the use of various treatments. Thus, our results suggest that
individuals with or at risk of knee OA may be predisposed to hav-
ing different degrees of pain sensitization as an inherent trait, and
this finding may, in part, explain why some individuals experience
more or less pain despite similar degrees of OA pathology. These
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findings highlight the importance of pain sensitization to symp-
tomatic prognosis in knee OA and underscore a need for devel-
oping novel treatment strategies to address pain sensitization as
a means to improve pain and function in knee OA.
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Centering Patient Voices in Lupus Pain: A Biopsychosocial
Analysis of Reddit Narratives Using Large Language Models

Andrew Walker,1 Jerik Leung,2 Aishwarya Alagappan,3 Swati Rajwal,1 Sahithi Lakamana,1 Tricia Park,1

Nathan Le,3 Anushka Irani,4 Abeed Sarker,1,5 Titilola Falasinnu,3 and Selen Bozkurt1

Objective. Patients with chronic illness share their experiences in online communities and generate rich data on
pain management. This study applied natural language processing methods, including large language models
(LLMs), to Reddit discussions from lupus communities to characterize multidimensional pain experiences framed in
the biopsychosocial model.

Methods. We extracted Reddit posts from the r/Lupus and r/LupusSupport subreddits posted from June 9, 2010,
through December 31, 2023. Pain-related posts were identified using a clinically informed pain lexicon. Topic modeling
was used to identify thematic patterns, which were then compared with structured summaries generated by LLM
instructions that were fine-tuned using the biopsychosocial model of pain. Two reviewers conducted content analysis
of the LLM-generated summaries, evaluating thematic accuracy and coverage.

Results. Data from Reddit included 31,785 posts from 10,857 authors. We identified common pain complaints,
management strategies, and sociocultural, affective, and nociplastic dimensions of pain. Instruction fine-tuned LLMs
produced structured summaries with an average thematic accuracy score of 3.1 of 4 (kappa = .09) and content cover-
age score of 2.9 of 4 (kappa = .38). Sociocultural features presented in 123 posts (33.8%), including peer support and
validation (n = 106) and provider interactions or access issues (n = 35). Nociplastic pain presented in 205 posts (56.3%).

Conclusion. Natural language processing methods can be used to extract rich, multidimensional insights into pain
experiences from online communities focused on lupus. These approaches highlight the psychological, social, and cul-
tural facets of pain that may be underrepresented in clinical settings, supporting more patient-centered approaches to
care in rheumatology.

INTRODUCTION

More than half of patients with systemic lupus erythematosus

(SLE) experience chronic pain, which may be directly related to

inflammation or less clearly linked to SLE flares or disease activity

(eg, migraines, low back pain, fibromyalgia), significantly contrib-

uting to disability.1,2 Despite its prevalence, pain in SLE remains

undercharacterized, particularly from the patient’s perspective.2

Bridging this gap requires innovative approaches that extend

beyond traditional clinical data sources. One such approach

involves leveraging patient-generated content from online health

communities. Platforms like Reddit provide a unique window into

the perspectives of individuals living with SLE. Many aspects of

SLE, including pain triggers, symptom variability, and disease

flares, remain elusive to both patients and clinicians. As a result,

patients often turn to peer networks to process uncertainty, seek

validation, and share coping strategies.3–5

Recognizing the value of patient voice, the US Food and

Drug Administration has encouraged investigating social media

to capture patient experiences and perspectives and monitor

adverse events.5–8 To meaningfully interpret patient narratives,
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the biopsychosocial model, first applied in the medical domain by

Engel,9 offers a conceptual framework that has been valuable in

the complex investigation of chronic pain experience.10–12 The

biopsychosocial model characterizes pain-related suffering as a

dynamic, multidimensional experience influenced by intraindivi-

dual, interpersonal, and sociocultural factors.9,10 It also accom-

modates the evolving role of online communities, in which

emotional states and peer interactions can shape the expression

and experience of pain.13

Recent advances in natural language processing (NLP) and
large language models (LLMs) have enabled more sophisticated
analyses of psychosocial themes within patient narratives shared
online. Bauer et al demonstrated that LLM-based models could
detect nuanced indicators of suicidality, including emotional dis-
tress, help-seeking behaviors, and social withdrawal, within online
health forums.14 Work by Necaise and Amon in a large chronic
pain community on Reddit showed that patients often mirror the
emotional tone of their peers, a phenomenon known as sentiment
synchrony.13 These findings suggest that the social-emotional
context of peer interactions may influence how patients perceive
and express pain, highlighting the importance of understanding
pain communication beyond the clinical encounter.

In this study, we applied topic modeling and LLMs to analyze
online discussions about pain among individuals with SLE.
Guided by the biopsychosocial model of pain,11 our goal is to
identify key themes and patterns that characterize the multidi-
mensional nature of pain as experienced and expressed by
patients in real-world settings. By analyzing these discussions,
we aim to uncover dimensions of pain that are frequently
unvoiced during clinical encounters, including emotional, psycho-
logical, and social stressors.5

MATERIALS AND METHODS

Data. Reddit posts were collected using the Pushshift.io
application programming interface, targeting all publicly available

posts from the r/Lupus and r/LupusSupport subreddits from
June 9th, 2010, through December 31, 2023.15 This study was
reviewed and classified as exempt by the Emory University Institu-
tional Review Board. All analyses were conducted on aggregated
data without user identification or contact, and no verbatim
quotations are reported. Data were maintained on secure,
access-controlled servers. Consistent with established internet
research ethics, measures were implemented to minimize re-
identification risk, prevent stigmatizing interpretations, and
acknowledge the absence of explicit user consent for research
use. The r/Lupus community was created on June 9th, 2010,
and r/LupusSupport was created on July 4th, 2020. Reddit does
not provide structured demographic information, which limits
characterizing the population in our dataset. External surveys
suggest that approximately 25% of US adults use Reddit as of
2024, with users younger and more digitally engaged compared
with clinic-based cohorts.16

Overview of NLP pipeline. Figure 1 summarizes the mul-
tistep NLP pipeline used to identify and analyze pain-related con-
tent within two Reddit communities (r/Lupus and
r/LupusSupport). Each step, including pain-related post identifi-
cation, topic modeling, LLM summarization, and content analysis,
is described in detail subsequently.

Identification of pain-related posts. To identify pain-related
posts, we searched for commonly used patient terms describing
pain (eg, “aching,” “burning,” “joint pain”) based on a previously
published list.17 Two domain experts (AI and TF) categorized
terms into symptom-based groupings relevant to SLE: joint pain,
headaches, chest pain, muscle aches, abdominal cramps, and
nerve pain, available on GitHub (https://github.com/bozlab/
reddit-lupus-pain-nlp). A targeted filtering approach using regular
expression matching was applied to identify posts containing
these terms. Posts containing at least one term were classified
as pain-related and included for analysis. All posts were restricted
to English; non-English texts were excluded. We quantified pain-
related post frequencies overall and by symptom category to
define the analytic dataset.

Topic modeling of pain narratives. To explore naturally occur-
ring themes in patient discussions of pain, we applied BERTopic
modeling, an unsupervised machine learning technique, to pain-
related posts that had been segmented at the sentence level
(n = 15,094 sentences).18 This approach identifies clusters of
co-occurring words and phrases to detect recurring topics in
patient narratives. Embeddings were generated with all-MiniLM-
L6-v2, reduced using Uniform Manifold Approximation and Pro-
jection (n_neighbors = 10, n_components = 2, min_dist = 0.1,
cosine metric), and clustered with Hierarchical Density-Based
Spatial Clustering of Applications with Noise (min_cluster_size =
50, euclidean metric, excess of mass selection); parameters were
chosen to balance coherence and granularity. A CountVectorizer
with English stopwords (min_df = 2, ngram_range = 1–4)

SIGNIFICANCE & INNOVATIONS
• This study demonstrates the utility of applying large

language models to extract multidimensional expe-
riences of lupus-related pain in the context of high-
volume Reddit online health communities.

• Guided by the biopsychosocial model of pain, we
identified common types of pain complaints, man-
agement strategies often not discussed in clinical
practice, and sociocultural, affective, and nociplastic
dimensions of pain.

• Methods used in this study can be applied to
explore and monitor emerging themes of patient
experiences and behaviors with lupus and other
chronic conditions that may not be frequently dis-
cussed with providers in clinical settings.

WALKER ET AL124

https://github.com/bozlab/reddit-lupus-pain-nlp
https://github.com/bozlab/reddit-lupus-pain-nlp


captured frequent and multiword pain phrases. Topic quality was
assessed via coherence (70% >0.40) and expert mapping of top
words and representative sentences to a predefined biopsycho-
social framework (biologic, psychological, social, nociplastic,
management) yielding six categories: diagnosis experiences, pain
types, pain management, comorbid symptoms, flares, and
uncategorized. Full parameter specifications and code for repro-
ducibility are available on GitHub (https://github.com/bozlab/
reddit-lupus-pain-nlp).

Manual annotations for biopsychosocial framework. To
incorporate a biopsychosocial lens, a random subset of posts
(n = 25) was selected from the pool of pain-related posts iden-
tified via lexicon matching, restricted to users with self-
identified “Diagnosed SLE” user flairs or text and image labels
appearing next to usernames in posts and comments in
r/Lupus. This subset was manually annotated by three investi-
gators using the biopsychosocial framework to develop the ini-
tial codebook and to produce high-quality examples for LLM
fine-tuning (Table 1). Content analysis was conducted using
structured CSV files rather than qualitative software. Model
outputs were exported in JavaScript Object Notation (JSON)

format and then organized into spreadsheets for coding. Two
investigators independently coded each summary, with dis-
crepancies adjudicated by consensus. This workflow ensured
a transparent audit trail, reproducibility of coding decisions,
and efficient calculation of frequencies across biopsychosocial
dimensions.

LLM fine-tuning and structured summarization.
Following manual annotation, the LLaMA 3.2 Instruct 3B original
model was instruction fine-tuned using these annotated post-
summary pairs, following evidence that small, structured datasets
enable effective domain-specific summarization.19 The model
was trained to produce structured summaries in JSON format
aligned with the ontology that are readable by humans and
parseable for text models.19 All posts were restricted to English;
non-English texts were excluded. We did not apply explicit spell-
checking, but the instruction-tuned model demonstrated robust-
ness to common misspellings and colloquial variants, consistent
with previous work showing that LLMs trained on web text can
normalize noisy input. The model was also prompted to detect
negation and contextual absence (eg, “no pain,” “pain free”) to

Figure 1. Data analysis pipeline for assessing multidimensional pain experiences in Reddit posts from users in r/Lupus and r/LupusSupport.
LLM, large language model. Color figure can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.
25687/abstract.
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avoid false positives (Supplementary Material 1). These behaviors
were verified during human evaluation.

Following the initial evaluation of LLM performance, we con-
ducted a second round of model fine-tuning using an expanded
set of high-quality training examples (n = 22) that received top

scores for structure, accuracy, and coverage and contained no
hallucinated content or were corrected after evaluation by con-
sensus coding. This set, combined with the original annotated
sample, totaled 47 Reddit posts with structured summaries used
for the final round of fine-tuning. The model was fine-tuned again

Table 1. Pain description dimensions codebook*

Concept Definition Examples

Biologic dimension
Location Where in the body the pain occurred; can also be general/

all over if indicated
“Hands,” “joints”

Severity Author words describing intensity of the pain “Worst pain I’ve ever had,” “10/10 pain,” “mild”
Duration How long the author describes they have been feeling the

pain
“In pain for the last 4 months,” “since last week”

Sex/gender Sex or gender of patient, if mentioned “Female,” “male,” “nonbinary”
Age Author’s age, if mentioned “21,” “40,” “young,” “middle-aged”
Comorbidities Any comorbidities mentioned in the post alongside lupus “MCTD,” “RA,” “fatigue,” “loss of vision”

Psychological dimension
Affective/personal,
existential/spiritual

Emotional context of pain, depression, fear, anxiety, stress,
or any described emotional sentiment or reactions
related to the pain

“I feel miserable now,” “so overwhelming,” “affecting
my anxiety,” “driving me crazy,” “My life has been
taken over by my pain” “I don’t feel like myself
anymore” “Why is God doing this to me?”Pain impact on Identity, threat to self, or personal development,

dissatisfaction with life, sense of meaning of life, fear of
death, existential concerns, impacts to religious or
spiritual beliefs/practices

Cognitive Any description of pain impact on mental processes,
including coping, catastrophizing, ability to focus, or
memory

“Brain fog,” “hard to think straight,” “difficult to
concentrate on anything,” “forgetting”

Behavioral Any changes of a person’s day to day actions resulting
from pain, including substance use and fear of
movement

“I can’t eat anymore,” “I had to stop working out”

Social dimension
Functional Pain impact on ability to complete activities of daily living “Harder to do the things I want to do,” “cannot sit

up,” “can’t eat”
Economic Pain impact on ability to work, medicolegal, insurance/

compensation issues, work environment/job
dissatisfaction, absenteeism, presenteeism

“Had to miss work,” “can’t function at work anymore,”
“couldn’t afford it any longer”

Sociocultural Followed by any language on how a patient’s sociocultural
context influenced pain, including stigma, invalidation,
or any identified individuals providing support and
caregiving, loss of autonomy

“Each time, I visited the doctor, but unfortunately, no
action was taken,” “How do you deal with the
stigma?”

Nociplastic pain Pain that arises from altered nociception despite 1) no
clear evidence of actual or threatened tissue damage
that causes peripheral nociceptors activation or 2) no
clear evidence of disease or lesion of the
somatosensory system causing the pain.

“Fatigue,” “brain fog,” “pain all over,” “nothing seems
to be working,” “I don’t know what to do anymore”

Associated
symptoms (often
muilti-focal)

Widespread pain, fibromyalgia, vulvodynia, urologic
chronic pelvic pain syndrome, chronic tension type
headache, chronic low back pain, migraine,
temporomandibular disorder

Pain symptoms Widespread pain, fibromyalgia, vulvodynia, urologic
chronic pelvic pain syndrome, chronic tension type
headache, chronic low back pain, migraine,
temporomandibular disorder

Non-pain
symptoms

Fatigue, sleep changes, brain fog, uncertainty, overwhelm,
helplessness, sensitivity to non-pain stimuli, medication
sensitivity and side effects, irritable bowel syndrome

Pain management Followed by a list of any methods or medications
mentioned by author used to treat the pain as well as
any mentions of adherence or barriers/facilitators to
access

“Prednisone,” “benlysta,” “my meds,” “hcq,”
“hydroxychloroquine”

* MCTD, mixed connective tissue disease; RA, rheumatoid arthritis.
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using the same parameters as in the first round to enhance con-
sistency and completeness across all biopsychosocial dimen-
sions. The updated LLM was then applied to a larger dataset of
317 pain-related posts from r/Lupus, which was restricted to
users who self-identified with an “SLE diagnosis” flair. We com-
bined the final summarization sample with the 47 high-quality
training samples to ultimately conduct content analysis by AW
and JL, iteratively developing codebooks based on consensus
coding, on summarizations of 364 posts by users with SLE diag-
nosis flair. To minimize overfitting, annotated examples were
divided into training and evaluation subsets. Fine-tuning was con-
ducted for four epochs with greedy decoding, which emphasized
consistency and fidelity to the biopsychosocial ontology rather
than maximizing token likelihood. Model performance was moni-
tored on held-out evaluation data, with checkpoints assessed
for structured output format, thematic accuracy, and hallucina-
tion. Consistent performance across training and held-out sets
suggested that the model did not overfit despite the small size of
the annotated dataset.

Evaluation of LLM-generated structured summaries.
Traditional metrics like precision and recall are insufficient for eval-
uating the quality of long-form, structured text extracted by
LLMs.20,21 We evaluated outputs using a structured framework
for information extraction with LLMs, developed and validated by
our NLP team.22 This framework assesses structure, accuracy,
coverage, and hallucination, with expert annotators rating each
output on Likert scales to capture semantic adequacy and fidel-
ity.20,23 Ninety summaries were reviewed by three annotators

(AW, JL, AA), with each post scored by two reviewers. Agreement
was measured by percent exact and near-exact (±1-point)
matches and squared Cohen’s kappa values. Full scoring criteria
are detailed in Supplementary Material 2.

Content analysis of LLM-summarized pain narratives. The
model generated structured summaries for each post, from which
representative quotes were extracted and assigned to specific
pain dimensions. Two investigators (AW and JL) reviewed these
summaries and employed a hybrid coding approach to develop
a codebook of thematic categories, drawing on both inductive
insights from the data and deductive constructs derived from the
biopsychosocial framework. Using this codebook, AW and JL
independently applied thematic codes to each quote according
to its respective pain dimension. Frequencies of themes were
then calculated to identify salient patterns of pain-related suffering
expressed within the online community.

RESULTS

The dataset included 31,785 posts from 10,857 unique
users, collected between 2010 and 2023 from two lupus-focused
subreddits: r/Lupus (42,000 members; top 3% by size) and
r/LupusSupport (2,600 members; top 14% by size). Although
we do not have demographic data on users available, the top
types of flair adopted by Reddit users were “Diagnosed SLE”
(n = 694), “Advice” (n = 62), “General” (28), “Medicines” (22),
“Caregiver/Loved one” (19), “Diagnosed CLE/DLE” (17), “Seek-
ing Diagnosis” (16), “Venting” (8), and “Physician” (7). Each post

Figure 2. Posts in r/Lupus and r/LupusSupport per month from 2010 to 2023. Color figure can be viewed in the online issue, which is available
at http://onlinelibrary.wiley.com/doi/10.1002/acr.25687/abstract.
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consisted of an average of 6.9 sentences per post. Figure 2 illus-
trates the consistent growth in post frequency within r/Lupus.

Identification of pain-related posts. A total of 7,831
posts (24.7%) matched the pain lexicon across r/Lupus and
r/LupusSupport. We identified joint pain and arthritis-related
terms as the most common lupus symptom mentions (8.0% of
all posts), followed by muscle pain/aches (3.8%), headaches
(3.3%), chest pain (1.3%) cramps/abdominal pain (1.0%), and
spasms/nerve pain (0.7%).

Topic modeling of pain narratives. Topic modeling was
applied to 15,094 sentences from 7,831 pain-related posts. Iden-
tified themes were grouped into six overarching categories
aligned with the biopsychosocial model of pain: diagnosis experi-
ences, pain types, pain management, comorbid symptoms, and
flares. A total of 5,009 (33.2%) sentences could not be assigned
to a specific topic and were classified as uncategorized. Uncate-
gorized sentences typically involved discussions of joint pains
and aches, which may indicate an undercount of joint pain in the
overall topic model categorization. Despite the large number of
uncategorized sentences (outlier topics), we did not adjust analy-
ses because of the interest in maintaining the coherence in identi-
fied topics in line with our biopsychosocial analytic framework,
which may have been affected if we reduced the likelihood of out-
lier classification.24 Diagnosis experiences of SLE and arthritis
were present in 1,728 sentences (11.5%). Figure 3 describes fre-
quencies of categories and topics related to pain types, manage-
ment, comorbid symptoms, and flares, and Figure 4 describes
the top 12 topic frequencies over time.

Within the pain types category (n = 5,668 posts), users
described general or widespread pain (n = 1,682, 29.7% of pain
experiences category-labeled posts), joint pain (n = 1,385,

24.4%), chest or rib pain (n = 556, 9.8%), and headaches (n =
451, 8.0%). Other pain types included abdominal pain
(n = 283, 5.0%), hand and wrist pain (n = 280, 4.9%), kidney pain
(n = 168, 3.0%), lower back or spinal pain (n = 127, 2.2%), oral
and jaw pain (n = 125, 2.2%), foot or toe pain (n = 108, 1.9%),
eye pain (n = 97, 1.7%), scalp or hair-related pain (n =
80, 1.4%), muscle aches (n = 79, 1.4%), menstrual cramps and
reproductive pain (n = 78, 1.4%), lymph node pain (n =
61, 1.1%), shoulder pain (n = 54, 1.0%), and hip pain
(n = 54, 1.0%). Pain management category posts (n = 687) strat-
egies included over-the-counter medications such as Tylenol and
nonsteroidal anti-inflammatory drugs (NSAIDs) (n = 261, 38.0%),
glucocorticoids (eg, prednisone, n = 157,22.9%), general pain
management discussions (n = 129, 18.8%), disease-modifying
therapies like hydroxychloroquine (n = 125, 18.8%),
gastrointestinal-related pain interventions (n = 74, 10.8%), and
use of cannabis or tetrahydrocannabinol products (n =
70, 10.2%).

Posts referencing comorbid symptoms (n = 1,624 labeled
posts) frequently mentioned clusters such as rash, fatigue, brain
fog, and fevers (n = 1,247, 76.8% of comorbid labeled posts), as
well as sleep disturbances (n = 206, 12.7%), persistent fatigue
(n = 86, 5.3%), and muscle spasms (n = 85, 5.2%). Flares were
a common context for describing pain (n = 250. 1.7% of all
matched sentences). A table including each topic frequency, key
words, and relevant matched sentences is available on GitHub
(https://github.com/bozlab/reddit-lupus-pain-nlp).

LLM structured summarization results. Following
fine-tuning, the LLM model produced 90 of 100 structured sum-
maries that met predefined criteria for accuracy, coverage, and
format. Evaluation scores averaged 3.11 of 4 for accuracy and
2.96 of 4 for coverage, with hallucinations flagged in only 8% of

Figure 3. Categories of pain discourse identified from topic modeling in r/Lupus and r/LupusSupport. THC, tetrahydrocannabinol. Color figure
can be viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25687/abstract.
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cases. Exact interrater agreement was moderate, with 92.9%
percent interrater agreement on the binary hallucination indicator
(Squared-weighted cohen’s kappa = .364), 36.4% perfect agree-
ment on accuracy (kappa = .085), and 44.3% perfect agreement
on coverage (kappa = .38). Although the use of the squared-
weighted kappa attempts to adjust for near-disagreements in
ordinal scales,25 it may not describe the true level of near-
agreement, which overall was high, with 87% of accuracy scores
and 92% of coverage scores falling within one point between
reviewers.

Among the 364 posts summarized, the most frequently
reported types of pain were general or widespread pain (n =
305, 83.8%), joint pain (n = 130, 35.7%), and muscle aches
(n = 79, 21.7%), with less frequent mentions of headaches (n =
55, 15.1%), chest pain (n = 48, 13.2%), and abdominal pain (n =
34, 9.3%). Structured summaries enabled content analysis of
pain-related content extracted from posts across 15 concepts in
the biopsychosocial model (Supplementary Material 3). For each
concept, we also identified “Incorrect” text extracts, which repre-
sented instances in which the model miscategorized a piece of
text from the post into the incorrect concept.

Biologic dimension. The biologic dimension was the most
frequently annotated across all summaries. Pain location was
documented in 314 posts (86.3% of summarized posts), with
the most commonly reported areas being “all over” (n =
88, 28.0% of location posts), hands (n = 68, 21.7%), and legs
(n = 68, 21.7%). Pain severity appeared in 301 posts (82.7%),
often described as severe (n = 146, 48.5% of severity posts),
overwhelming (n = 41, 13.6%), or worsening (n = 54, 17.9%). Pain
duration was coded in 339 posts (93.1%), with users describing
pain lasting for weeks (n = 99, 29.2% of duration posts), months
(n = 67, 19.8%), or years (n = 57, 16.8%).

Comorbidities were identified in 263 posts (72.3%), with
comorbid symptoms reported in 249 of these posts (94.7%).
The most common symptoms included fatigue (n = 57, 21.7%),

rashes (n = 36, 13.7%), and nausea (n = 17, 6.5%). Comorbid dis-
eases were mentioned in 100 posts (38.0% of comorbidities
posts), with COVID-19 (n = 10, 3.8%), Raynaud phenomenon
(n = 6, 2.3%), and arthritis (n = 5, 1.9%) being the most frequently
cited.

Demographic dimension. Self-reported gender was
identified in 65 posts (17.9%), with the majority identifying as
female (n = 62, 95.4% of gender posts). Age was mentioned in
95 posts (26.1%) and categorized using MeSH age groupings.
Most users fell within the 19 to 44-year-old adult range (n =
60, 63.2% of age posts).

Psychological dimension. Psychological themes
appeared less frequently. Affective content was present in
89 posts (24.5%), with the most common themes including emo-
tional distress (n = 35, 39.9% of affective posts), depression (n =
11, 12.4%), and anxiety (n = 5, 5.6%). Cognitive themes were
identified in 24 posts (6.6%), whereas behavioral themes
appeared in 11 posts (3.0%). Personal or existential reflections
were rare, occurring in only four posts (1.1%).

Sociocultural dimension. Sociocultural content was
present in 123 posts (33.8%), primarily describing participation
in the subreddit as a source of peer support, advice-seeking, or
validation (n = 106, 86.2% of sociocultural posts). Interactions
with health care providers were discussed in 35 posts (28.5%).
Functional limitations were described in 86 posts (23.6%), with
users reporting challenges related to walking, movement, and
daily activities. Economic concerns were mentioned in only nine
posts (2.5%).

Pain management strategies. Pain management strate-
gies were identified in 280 posts (76.9%), with medications men-
tioned in 245 of these posts (87.5% of management-related
posts). The most frequently cited treatments included prednisone

Figure 4. Topic modeling top 12 most prevalent pain-related topics over time on r/Lupus and r/LupusSupport. NSAIDs, nonsteroidal anti-
inflammatory drug; SLE, systemic lupus erythematosus.
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(n = 92, 32.9%), hydroxychloroquine (n = 91, 32.5%), and
NSAIDs (n = 40, 14.3%). Nonpharmacologic strategies were
described in 99 posts (35.4%), with common approaches includ-
ing supplements (n = 24, 8.6%), cannabis/CBD (n = 10, 3.6%),
and sun avoidance (n = 12, 4.3%).

Categorization accuracy. On average, 19.83% of anno-
tations were categorized as “Incorrect.” The “Sex/Gender” cate-
gory had the lowest error rate at 0%, whereas the “Severity”
category had the highest at 50.8%. Errors in the severity category
were often due to repeated pain descriptions without clear indica-
tions of severity, ambiguous user phrasing without explicit severity
terms, the model inferring severity from adjectives not present in
the gold standard, and inconsistent descriptors across multiple
severity mentions. These errors could be reduced by incorporat-
ing a structured severity lexicon and prompt engineering to
enforce explicit severity extraction.

DISCUSSION

Our findings demonstrate that SLE-related pain extends
beyond inflammation-driven mechanisms and is shaped by affec-
tive, cognitive, social, and nociplastic dimensions. These findings
resonate with previous work using data from a population-based
registry, which show that disease activity and organ damage
account for only part of the variance in pain outcomes,26 under-
scoring the influence of psychological, behavioral, and social fac-
tors. Building on this evidence, our analysis of patient narratives
reveals how nociplastic symptoms (eg, fatigue, brain fog, diffuse
pain) and emotional distress often arise independently of conven-
tional disease activity metrics. Notably, users frequently described
their pain experiences as disjointed from clinical evaluations or
laboratory results, revealing how personal, social, and emotional
contexts shape pain perception and impact, emphasizing the
need to integrate psychosocial and functional assessments into
routine SLE care.27

Pain descriptions centered on biologic aspects, with over
86% of patients specifying pain location, most frequently “all
over,” one of the most commonly cited pain locations in SLE in
existing literature.28,29 Such diffuse presentations are often diffi-
cult to reconcile with objective findings on examination or labora-
tory results. Acknowledging these widespread patterns can
reduce diagnostic uncertainty and help rheumatologists differenti-
ate between inflammatory versus nociplastic contributors to pain.

Users also discussed disruptions to daily functioning, includ-
ing difficulty walking, exercising, or managing basic tasks,
emphasizing the central role pain plays in limiting autonomy and
participation.30 In our study, hand-related complaints emerged
as a common concern among participants, highlighting the
under-researched clinical importance of assessing hand function
in SLE.31,32 Johnsson et al observed that 58% of individuals with
SLE demonstrated difficulties on a simple hand function test,

compared with only 8% of healthy controls.31 The clinical presen-
tation of SLE-related joint involvement is notably heterogenous,
encompassing a spectrum from noninflammatory arthralgia to
more severe forms such as deforming arthropathy (eg, Jaccoud
arthropathy) and erosive arthritis.33 Taken together, these findings
underscore the need for routine, nuanced assessment of both
widespread and localized joint pain to better capture the func-
tional burden of SLE and guide more tailored, mechanism-
informed interventions.

Consistent with prevailing literature, Reddit narratives
revealed substantial affective and “silent” burdens of SLE, ranging
from depression and anxiety to feelings of hopelessness and
invalidation.34,35 These psychological components are often
entangled with nociplastic symptoms such as fatigue, brain fog,
sleep disturbances, and widespread pain, which were present in
over half of the summarized posts. Such presentations are often
challenging to interpret within the conventional markers of disease
activity, making diagnosis and treatment more complex.27 Failing
to acknowledge them can result in fragmented care, unnecessary
diagnostic testing, and frustrated patients.36

Sociocultural themes were prominent, with individuals seek-
ing advice, support, and validation from others. In several posts,
users expressed a profound sense of relief and solidarity—
captured in statements such as “I’m not alone.” These discus-
sions highlight the need for continuous support beyond the clini-
cal setting and suggest that online platforms serve as an
important space for emotional coping and peer connection.13,37

They also emphasize that sociocultural factors, including both
health care experiences and broader support systems, meaning-
fully shape how patients perceive and respond to pain.38 For clini-
cians, being attuned to these contextual influences may help
explain variations in treatment engagement and foster more
empathetic, collaborative relationships.

Our findings on pain management strategies discussed in
Reddit closely parallel recent real-world trends in clinical care. A
large, national claims-based analysis of over 18,000 patients with
SLE observed a steady decline in opioid and NSAID prescriptions
since 2014, with increased or stable use of non-opioid modalities
such as antidepressants, anticonvulsants, topical agents, and
physical therapy.39 This shift away from opioid-centric manage-
ment aligns with our observations, in which patients most
commonly referenced glucocorticoids (eg, prednisone), hydroxy-
chloroquine, and non-opioid adjunctive agents such as duloxe-
tine, gabapentin, and pregabalin. Reddit users also frequently
discussed additional strategies, such as cannabis, supplements,
and sun avoidance, many of which are absent from claims data
and clinical guidelines.40 The inclusion of treatments like low-dose
naltrexone and alternative therapies may further suggest patients’
efforts to address pain through individualized, trial-and-error
regimens.41

Our findings also demonstrate the value of using advanced
NLP tools to structure and scale the analysis of unstructured
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patient-reported data. Topic modeling efficiently identified com-
monly discussed symptom clusters and treatment patterns but
lacked the resolution to detect deeper biopsychosocial themes.
In contrast, the fine-tuned LLM enabled more granular and
concept-aligned extraction of pain narratives across biologic,
psychological, social, and nociplastic domains.

This study has several limitations. Diagnostic user flairs on
Reddit are self-reported and cannot be clinically verified, introduc-
ing the possibility of misclassification bias.42 This potential mis-
classification may dilute SLE-specific patterns; however, the
biopsychosocial themes identified, particularly those related to
nociplastic pain, psychological distress, and sociocultural influ-
ences, remain directly relevant to SLE and to rheumatology care
more broadly. Previous research indicates that aggregated self-
reported data from online health communities can align closely
with clinically reported data. The LIFT study, which recruited more
than 1,000 individuals with lupus via social media, confirmed
lupus diagnoses in 100% of a random subset through medical
record review and reported 88% agreement between self-
reported and verified medication use.43 Importantly, r/Lupus is a
moderated community with explicit rules that discourage misrep-
resentation. Community guidelines specify that “Diagnosed” flair
should only be used following rheumatologist-confirmed diagno-
sis, and misuse can result in removal or banning. Users are also
instructed not to provide medical advice unless they have a con-
firmed diagnosis. Although it is not possible to guarantee perfect
accuracy, these norms and enforcement mechanisms reduce
the likelihood of systematic misrepresentation. Still, compared
with clinic-based cohorts, Reddit users tend to be younger, more
digitally engaged, and likely to live in North American time
zones.44 Posts also likely disproportionately represented individ-
uals who are motivated to share their experiences online, often
those with more severe or poorly controlled symptoms, poten-
tially introducing reporting bias.45 Future work may also leverage
NLP-based demographic inference methods46 to better contex-
tualize online cohorts relative to clinic-based populations.

Although anonymity on Reddit facilitates candid sharing, it
also restricts access to contextual clinical data such as disease
duration, flare frequency, treatment regimens, or comorbidity
profiles—factors essential for interpreting pain trajectories.47

Although the fine-tuned LLM performed well on structure and
coverage metrics, hallucinations and misclassifications were still
observed in a minority of summaries, especially for underrepre-
sented domains such as behavioral, cognitive, existential, and
economic factors. These gaps may reflect both model limitations
and user hesitancy to disclose sensitive topics online.48

Additionally, the LLM training dataset was modest in size (n =
47 posts) and focused on posts with SLE-specific user flairs,
which, although high-quality, may limit the model’s generalizability
to other patient groups or platforms.49 We mitigated this risk
through structured ontology design, manual validation, and
schema-constrained outputs. Previous work demonstrates that

large pretrained LLMs can adapt effectively to structured informa-
tion extraction tasks even with limited domain-specific exam-
ples.19 The instruction-tuned LLM we used may also reflect
biases present in its pretraining and fine-tuning data, which could
influence how pain experiences are categorized or described,
particularly for underrepresented cultural, linguistic, or experiential
perspectives. To mitigate these risks, we constrained outputs
using a biopsychosocial ontology and conducted human evalua-
tion of accuracy, coverage, and hallucination, as recommended
by recent bias in NLP mitigation literature.50

This study offers several notable strengths that advance the
current understanding of pain in SLE from a patient-centered per-
spective. The use of Reddit as a data source enabled access to
candid, unfiltered accounts of patient experiences that may not
emerge in structured interviews or electronic health record docu-
mentation.45 Second, the study developed and applied a robust
pain ontology grounded in previous literature and expert clinical
consensus. This structured framework supported reproducible
annotations across biologic, psychological, social, and nociplas-
tic domains—facilitating high-fidelity model training and enabling
nuanced content analysis.9 The inclusion of validation metrics
(eg, accuracy, coverage, hallucination rates) for the LLM outputs
further strengthens the reliability of findings. Finally, our findings
are reinforced by triangulation with existing claims-based studies
and registry analyses.26,39

In conclusion, this study illustrates the potential of combining
unsupervised and LLM-guided NLP approaches to surface-rich,
patient-centered perspectives on chronic pain in SLE. These tools
can complement clinical assessments by amplifying the patient
voice and may be particularly valuable in identifying evolving
needs, guiding intervention design, and informing holistic models
of care.
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B R I E F R E P O R T

Prevalence of Pain and Factors Associated With Pain in
Patients With Idiopathic Inflammatory Myopathies

Didem Saygin,1 Anne-Marie Malfait,2 Ethan M. Ritz,1 Kristin Wipfler,3 Kaleb Michaud,4 and Yvonne C. Lee5

Objective. Pain is an often overlooked and understudied symptom in idiopathic inflammatory myopathies (IIM).
In this study, our goal is to examine the prevalence of pain and factors associated with pain in adults with IIM.

Methods. FORWARD is a US-based prospective registry of adults with rheumatic diseases recruited from rheuma-
tology clinics. Participants had a physician diagnosis of IIM and completed questionnaires on pain, fatigue, physical
function, disease activity, and sociodemographic variables. Pain prevalence was examined in demographic and dis-
ease subgroups. Regression models were performed to identify any factors associated with higher levels of pain
(>3 on visual analog scale). The relationship between pain and outcome variables was examined through Pearson cor-
relation, the t-test, and the chi square test.

Results. A total of 189 patients with IIM (mean age ± SD 55 ± 14 years, 78%women) from the FORWARD databank
were included in the study. Approximately 86% reported pain with an average of 3.5 on a 10-cm visual analog scale.
One in four patients were taking opioids. Approximately 62% to 63% reported joint and muscle pain, respectively. Pain
prevalence was similar across subgroups of disease subtype, sex, race, smoking status, and obesity. Patient global
disease activity was significantly associated with higher pain levels in multivariable models. Pain was significantly
associated with worse physical function, fatigue, quality of life, and health satisfaction.

Conclusion. Pain is prevalent and associated with poor outcomes in patients with IIM. Pain is closely linked with
patient global disease activity. Results highlight the critical need to better understand the pain experienced by these
patients to best address their needs.

INTRODUCTION

Idiopathic inflammatory myopathies (IIM) are a heterogenous
group of autoimmune diseases characterized by skeletal muscle
inflammation. The cardinal symptom of IIM is skeletal
muscle weakness leading to functional limitations in the majority
of the patients. Therefore, outcomes used to assess patients with
IIM in clinical practice and therapeutic trials naturally focus on
muscle weakness and physical function domains. With a recent
shift toward better understanding the lived experiences of
patients with disease, other disease symptoms that are important
to patients are being increasingly recognized. Because IIM was

traditionally believed to cause a painless weakness, pain has long
been overlooked as a symptom. However, approximately 70% to
80% of patients with IIM report pain that interferes with their daily
activities.1,2 In addition, several focus groups and survey studies
revealed that pain is one of the most important symptoms for
patients with IIM.3 Pain is also one of the leading contributors to
discordance between patient- and physician-reported myositis
disease activity because patients are more likely to consider pain
as a manifestation of their disease than providers are.4 This
observation suggests that pain could be frequently dismissed or
possibly misattributed to other causes in evaluation of myositis
disease activity by health care providers.
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Rigorous research is urgently needed to better understand
the pain experienced by patients with IIM, which can, in turn,
improve the care provided to these patients. However, a system-
atic literature review highlighted that despite the high prevalence
of pain, studies focusing on pain in IIM are scarce.1 In this study,
we aim to (1) assess the prevalence and intensity of pain experi-
enced by patients with IIM overall, as well as in demographic
and disease subgroups; (2) identify sociodemographic and
disease-related factors associated with pain; and (3) explore the
relationship between pain and important health-related outcomes
in patients with IIM.

PATIENTS AND METHODS

Study population. This was a cross-sectional observa-
tional study using the FORWARD databank. FORWARD is a
long-term prospective registry of adults with rheumatic diseases
in the United States.5 Participants in FORWARD are primarily
recruited from rheumatology clinics in the United States and com-
plete comprehensive semiannual questionnaires regarding their
health status, including physical function, pain, fatigue, health-
related quality of life, and visits with various health care providers.
These questionnaires include demographic variables; body
mass index (BMI); education level; annual income; history of
smoking; disease symptom duration (years since symptom onset
of IIM); disease subtype (dermatomyositis [DM], polymyositis or
immune-mediated necrotizing myopathy [PM/IMNM], overlap
myositis, inclusion body myositis [IBM], and unspecified); 10-cm
visual analog scales (VAS) for pain and fatigue; health satisfaction
(Likert scale, 0–4); patient global disease activity (0–10);
the Health Assessment Questionnaire II (HAQ-II, 0–3); the Short
Form 36 (SF-36, 0–100); the Rheumatic Disease Comorbidity
Index (0–9); self-reported current depression and anxiety; history
of osteoarthritis, Raynaud phenomenon, hypertension, myocar-
dial infarction, diabetes mellitus, cancer, renal disorder,
pulmonary disorder, fracture, gastrointestinal (GI) disorder, and
cardiac condition; and current medications (nonsteroidal
anti-inflammatory drugs [NSAIDs], opioids, glucocorticoids,

and immunosuppressive or modulatory therapy). Participants
included in this study were those who had a physician-confirmed
diagnosis of IIM. The FORWARD registry procedures were
approved by the Via Christi Institutional Review Board, and all par-
ticipants provided consent to participate.

Statistical analyses. Participant characteristics at cohort
entry were reported using descriptive statistics. For the pain
VAS, participants were asked the following: “How much
pain have you had because of your illness in the past week?”.
Participants were asked to mark the scale based on what best
described their pain from 0 (no pain) to 10 (severe pain). Pain
prevalence was defined as the proportion of patients who had
>0 on a 10-cm VAS for pain. Pain prevalence was compared
using the chi square test across groups (DM vs non-DM, women
vs men, White individuals vs those of other races, patients with a
history of smoking vs never smokers, and those with obesity vs
those without obesity [BMI ≥30 vs <30]).

The variables were divided into factors that could contribute
to pain (age, sex, race, BMI, education level, annual income, his-
tory of smoking, disease symptom duration, disease subtype,
comorbidities, and the Rheumatic Disease Comorbidity Index)
and outcomes that could be associated with pain (fatigue, patient
global disease activity, physical function [HAQ-II], health-related
quality of life [SF-36 physical and mental component scores],
and health satisfaction).

To examine the relationship between factors hypothesized to
contribute to pain and the presence of significant pain (categorical
variable, ≤3 vs >3 on 10-cm VAS), logistic regression models
were constructed; odds ratios (for one-unit increase), confidence
intervals, and P values were reported. The 3-cm cutoff was
selected based on literature showing that pain levels >3 are asso-
ciated with interference with daily activities and at least a mild
pain on categorical assessment.6 Univariate models were
constructed, and variables significantly associated with pain
(P < 0.05) were considered for inclusion in multivariable models.
Individual comorbidities were considered for inclusion as
opposed to the Rheumatic Disease Comorbidity Index because
we thought that identifying specific comorbidities would be more
likely to yield actionable results. Multicollinearity between predic-
tor variables was assessed using a correlation matrix with Pear-
son correlation for continuous variables and a contingency table
with the chi square test for categorical variables. P < 0.05 was
considered as statistically significant. To address the significant
correlation between depression and anxiety (P < 0.0001), only
depression was included in the models. The maximum number
of independent variables was capped at 10 to avoid overfitting.
A sensitivity analysis was performed, excluding patient global
assessment as an independent variable in the multivariable
regression model.

To explore the relationship between pain and other important
health-related outcomes, we used (1) Pearson correlations for

SIGNIFICANCE & INNOVATIONS
• Contrary to the common belief that myositis is a

painless disease, a majority of patients with myosi-
tis report muscle and joint pains.

• One in four patients with inflammatory myopathies
uses opioids for their pain.

• Patients with myositis who have pain have signifi-
cantly worse physical function, fatigue, quality of
life, and health satisfaction.

• Patients with myositis may perceive a close link
between their painand theirmyositis diseaseactivity.
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continuous variables (10-cm pain intensity VAS and other
health-related outcomes) and (2) the t-test and chi square test
for categorical outcome variables in patients with pain scores of
≤3 versus >3 on the 10-cm VAS. Correlations were interpreted
as weak for r between 0 and 0.3, moderate for r between 0.3
and 0.7, and strong for r >0.7. Analyses were conducted using
a complete case approach, whereby only participants with no
missing data on variables of interest were included. Statistical
analyses were conducted using GraphPad Prism 10 and
R (version 4.4.1).

RESULTS

Study population. A total of 210 patients had an IIM diag-
nosis in the FORWARD databank. After the patients with missing
data on pain were excluded (n = 21), 189 patients (average age

± SD 54.7 ± 13.7 years, 78.3% female) were included in the study
(Table 1). The patients with missing data (<10% of the total
cohort) were slightly older (average age of 60.5 years) and
included fewer women (61.9%). Racial groups included White,
non-Hispanic (n = 145), Black (n = 14), Hispanic (n = 8), Asian or
Pacific Islander (n = 3), American Indian or Alaska Native (n = 1),
and unknown (n = 18). A total of 68 patients had DM, 65 had
PM/IMNM, 48 had unspecified inflammatory myopathy, 6 had
IBM, and 2 had overlap myositis with an average symptom dura-
tion of 8.6 years (SD ±7.4). Approximately 53.4% of the patients
were taking glucocorticoids, and 71.4% were taking an immuno-
suppressive or modulatory agent.

Pain prevalence and intensity in patients with IIM.
Of 189 patients with IIM, 85.6% (n = 162) reported any pain
(>0 on VAS) and 44.9% (n = 85) reported pain >3 on the

Table 1. Characteristics of the study population (patients with pain levels ≤3 and >3 on VAS)*

Pain ≤3 (n = 104) Pain >3 (n = 85) All (N = 189)

Sociodemographic variables
Age, mean (SD), y 57.5 (14.3) 51.2 (12.2) 54.7 (13.7)
Sex (female), n (%) 80 (76.9) 68 (80.0) 148 (78.3)
Race (White), n (%) 88 (84.6) 57 (67.1) 145 (76.7)
Smoking (ever smoker), n (%) 38 (36.5) 48 (56.5) 86 (45.5)
BMI, mean (SD) 27.3 (6.0) 29.9 (7.3) 28.4 (6.7)
Education level, mean (SD), y 14.5 (2.1) 13.6 (2.2) 14.1 (2.2)
Annual income, mean (SD), ×$1,000 60.9 (30.9) 45.8 (28.9) 53.9 (30.8)
Symptom duration, mean (SD), y 9.0 (8.1) 7.9 (6.6) 8.6 (7.4)
Disease subtype (DM), n (%) 40 (38.4) 28 (32.9) 68 (36.5)

Outcomes, mean (SD)
Fatigue (0–10) 3.0 (2.7) 6.9 (2.6) 4.7 (3.3)
Patient global (0–10) 2.6 (2.3) 5.6 (2.2) 3.9 (2.7)
HAQ-II (0–3) 0.7 (0.7) 1.4 (0.5) 1.1 (0.7)
Patient Activity Scale (0–10) 2.1 (1.5) 5.6 (1.6) 3.7 (2.3)
SF-36 PCS (0–100) 41.1 (10.4) 30.0 (8.5) 36.5 (11.1)
SF-36 MCS (0–100) 50.5 (10.2) 42.4 (12.5) 47.1 (11.9)
Health satisfaction (0–4) 2.7 (1.2) 1.4 (1.2) 2.1 (1.3)

Comorbidities
Rheumatic Disease Comorbidity Index (0–9), mean (SD) 1.9 (1.5) 2.4 (1.8) 2.1 (1.7)
Fibromyalgia, n (%) 12 (11.5) 44 (51.8) 56 (29.6)
Osteoarthritis, n (%) 14 (13.5) 15 (17.6) 29 (15.3)
Raynaud phenomenon, n (%) 20 (19.2) 15 (17.6) 35 (18.5)
Depression, n (%) 16 (15.4) 33 (38.8) 49 (25.9)
Anxiety, n (%) 12 (11.5) 26 (30.6) 38 (20.1)
Hypertension, n (%) 52 (50.0) 42 (49.4) 94 (49.7)
Myocardial infarction, n (%) 3 (2.9) 7 (8.2) 10 (5.3)
Diabetes mellitus, n (%) 8 (7.7) 17 (20.0) 25 (13.2)
History of cancer, n (%) 18 (17.3) 11 (12.9) 29 (15.3)
History of renal disorder, n (%) 8 (7.7) 11 (12.9) 19 (10.1)
History of pulmonary disorder, n (%) 25 (24.0) 26 (30.6) 51 (26.9)
History of fracture, n (%) 9 (8.7) 13 (15.3) 22 (11.6)
History of GI disorder, n (%) 44 (42.3) 49 (57.6) 93 (49.2)
Cardiac condition, n (%) 19 (18.3) 17 (20.0) 36 (19.0)

Medications, n (%)
NSAID 23 (22.1) 32 (37.6) 55 (29.1)
Opioid 13 (12.5) 30 (35.3) 43 (22.8)
Glucocorticoid 63 (60.6) 38 (44.7) 101 (53.4)
Immunosuppressive/modulatory therapy 72 (69.2) 63 (74.1) 135 (71.4)

* BMI, body mass index; DM, dermatomyositis; GI, gastrointestinal; HAQ-II, Health Assessment Questionnaire II;
MCS, mental component summary; NSAID, nonsteroidal anti-inflammatory drug; PCS, physical component sum-
mary; SF-36, Short Form 36; VAS, visual analog scale.
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VAS (Table 1). The average pain level was 3.5 (SD ±2.9) of 10 in
patients with IIM. Approximately, 63.2% reported joint pain, and
61.7% reported muscle pain. A total of 29.6% of patients
reported a diagnosis of fibromyalgia. Approximately 29.1% and
22.8% of patients were taking NSAIDs and opioids, respectively.
The pain prevalence was comparable in patients with DM versus
non-DM (87.5% vs 82.4%), women versus men (85.8% vs
86.5%), White individuals versus those of other races (84.8%
vs 84.6%), those with a history of smoking versus never smokers
(83.7% vs 87.4%), those with obesity versus those without
obesity (86.2% vs 86.0%), and early versus late disease
(88.0% vs 84.3%).

Factors associated with pain levels >3 in patients
with IIM. Of all the variables tested, the following variables were
associated with increased odds of having pain levels >3 in the uni-
variate models: increased patient global disease activity, younger
age, races other than White, smoking history, higher BMI, lower
education level, higher Rheumatic Disease Comorbidity Index
score, and history of depression, anxiety, diabetes mellitus, and
GI disorder (Table 2). The multivariable model included the follow-
ing nine variables: patient global disease activity, age, race, smok-
ing history, BMI, education level, depression, diabetes mellitus,
and GI disorder. When all the nine variables were included in the

multivariable model, patient global disease activity was the only var-
iable significantly associated with increased odds of having pain
levels >3. When the model was repeated without including patient
global disease activity, smoking history was the only variable that
was significantly associated with having higher odds of pain
levels >3.

Relationship between pain and outcome variables.
Pain intensity had moderate positive correlations with fatigue
and moderate negative correlations with physical function
(HAQ-II), health-related quality of life (SF-36 physical and mental
component scores) and health satisfaction (Figure 1). Patients
who reported pain levels >3 had significantly worse mean ± SD
fatigue (6.9 ± 2.6 vs 3.0 ± 2.7), HAQ-II (1.4 ± 0.5 vs 0.7 ± 0.7),
and SF-36 physical (30 ± 8.5 vs 41.1 ± 10.4) and mental compo-
nent scores (42.4 ± 12.5 vs 50.5 ± 10.2) and health satisfaction
(1.4 ± 1.2 vs 2.7 ± 1.2) than those with pain levels ≤3 (Table 1).

DISCUSSION

In this observational cohort study, the majority of patients
with IIM reported pain, with approximately 45% reporting pain
levels greater than 3 out of 10. One in four patients with IIM were
taking opioids. Higher patient global disease activity was

Table 2. Univariate and multivariable logistic regression models (with and without patient global disease activity) to identify the factors associated
with pain levels >3 in patients with idiopathic inflammatory myopathies*

Univariate logistic regression
model

Multivariable logistic
regression model with

patient global disease activity

Multivariable logistic
regression model without

patient global disease activity

OR CI P value OR CI P value OR CI P value

Patient global disease activity 1.72 1.48–2.03 <0.0001 1.51 1.28–1.81 <0.0001 – – –

Sociodemographic variables
Age, y 0.97 0.94–0.99 0.002 0.97 0.94–1.00 0.07 0.97 0.95–1.00 0.06
Symptom duration, y 0.98 0.94–1.02 0.3 – – – – – –

Sex (female) 1.12 0.54–2.33 0.8 – – – – – –

Race (White) 0.40 0.17–0.94 0.04 0.68 0.21–2.19 0.5 0.67 0.23–1.91 0.4
Smoking (yes) 2.25 1.26–4.07 0.007 1.69 0.72–4.00 0.2 2.20 1.03–4.78 0.04
BMI 1.06 1.01–1.12 0.01 1.03 0.96–1.09 0.4 1.05 0.99–1.11 0.09
Education level, y 0.81 0.69–0.94 0.007 0.87 0.70–1.09 0.2 0.82 0.67–1.00 0.055
Annual income (×$1,000) 1.00 0.99–1.02 0.09 – – – – – –

Non-DM (vs DM) 0.80 0.44–1.46 0.4 – – – – – –

Comorbidities
Rheumatic Disease Comorbidity Index 1.20 1.01–1.44 0.04 – – – – – –

Osteoarthritis 1.38 0.62–3.07 0.4 – – – – – –

Depression 4.13 2.07–8.52 <0.0001 1.43 0.52–3.94 0.5 2.14 0.88–5.30 0.09
Anxiety 3.93 1.85–8.73 0.0005 – – – – – –

Hypertension 0.98 0.55–1.73 0.9 – – – – – –

Myocardial infarction 3.02 0.82–14.36 0.1 – – – – – –

Diabetes mellitus 3.00 1.26–7.72 0.02 2.45 0.66–9.53 0.2 2.44 0.78–8.06 0.13
Cancer 0.71 0.31–1.58 0.4 – – – – – –

Renal disorder 1.78 0.69–4.82 0.2 – – – – – –

Pulmonary disorder 1.39 0.73–2.66 0.3 – – – – – –

Gastrointestinal disorder 1.86 1.04–3.33 0.04 1.62 0.69–3.82 0.3 1.60 0.75–3.42 0.23
Cardiac condition 1.11 0.54–2.32 0.7 – – – – – –

* Bold values indicate statistically significant results with P < 0.005. BMI, body mass index; CI, confidence interval; DM, dermatomyositis; OR,
odds ratio.
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significantly linked to having pain levels >3. Higher pain levels
were associated with functional disability and worse fatigue,
health-related quality of life, and health satisfaction. Overall, these
findings demonstrate the high prevalence and significant burden
of pain among patients with IIM and emphasize the importance
for further studies to understand myositis-related pain. High rates
of opioid use highlight the need for alternative pain management
approaches in these patients.

The average pain level in patients with IIM was 3.5 on the
10-cm VAS. Although the validity of this measure in IIM has not
been established, other studies using the 10-cm VAS or numeric
rating scale have reported average pain levels between 2 and
3 among patients with IIM.1 Comparable to our results, the fre-
quency of patients with pain levels >3 of 10 was 45% in another
US-based study.7 Sex was not significantly associated with pain
levels, and pain prevalence was similar between women and
men in our cohort. In two studies with patients with IIM, female
sex was associated with higher pain levels,8,9 whereas another
study reported no significant difference in pain levels between
female and male participants.7

The prevalence of pain was similar between White and non-
Hispanic individuals and others. Race other than White or ethnic-
ity other than Hispanic was also significantly associated with
higher pain levels in univariate regression models, but this result
lost its significance in multivariable models. These results were
somewhat unexpected because prior studies in non-IIM diseases
showed enhanced pain sensitivity and disparities in access to
care and pain management among Black individuals.10 However,
our results should be interpreted with caution because of small
number of individuals with other races in this cohort. Our cohort
included only 14 patients who identified themselves as Black
and 9 patients who identified themselves as Hispanic. Future
studies with IIM cohorts enriched with individuals with other races
are warranted to further examine the effect of race on pain levels in
patients with IIM.

Pain prevalence was comparable in patients with DM versus
non-DM, and IIM subtype was not significantly associated with
having higher pain levels. Similar to these results, several
studies showed similar pain levels in patients with DM versus
non-DM,9,11 whereas one study showed higher levels of pain in
patients with DM compared to patients with IMNM or overlap

myositis.12 Theoretically, patients with DM may experience more
pain, as fasciitis is more commonly seen in DM than most other
IIM subtypes, which could contribute to pain due to stimulation
of nerve endings that are abundant in fascia.13 The majority of
the studies do not support this assumption, which could be
related to the problems with the current classification criteria used
in IIM. Interestingly, approximately half of the study cohort was
taking glucocorticoids despite the long disease duration. This
could potentially be due to ongoing pain; however, we could not
assess this question in this study.

Although this study was not designed to examine the
sources of pain experienced by patients with IIM, it provides
important clues into potential causes of pain observed in these
patients. Approximately 63% of patients reported muscle pain
as well as joint pain. Approximately one-third of patients with IIM
had a self-reported diagnosis of fibromyalgia, which may have
impacted the prevalence and intensity of pain reported. These
rates are comparable to prevalence rates for fibromyalgia in other
systemic rheumatic diseases and suggest that similar to patients
with other systemic rheumatic diseases, patients with IIM may
have abnormalities in central nervous system (CNS) pathways
regulating pain.14 Even though Raynaud phenomenon and other
comorbidities such as osteoarthritis may contribute to pain expe-
rienced by patients with IIM, no significant differences were
observed for the frequencies of osteoarthritis and Raynaud phe-
nomenon in patients who had significant pain versus those who
did not.

In the multivariable model, patient global disease activity was
the only variable significantly associated with worse pain levels,
highlighting the close link between pain and patient-reported dis-
ease activity. A prior study showed that one of the leading drivers
of discordance between patient and physician global disease
activity in IIM was pain.4 This suggests that, similar to other rheu-
matic diseases, patients with IIM may often equate pain with dis-
ease activity. Studies involving patients with rheumatoid arthritis
suggest that abnormalities in CNS regulation of pain, termed cen-
tral sensitization, may contribute to this discordance.15 However,
our study lacked objective measures of myositis disease activity
and central sensitization, which would provide greater clarity on
the relationship between inflammatory disease activity, CNS pain
regulation, and the patient experience of pain.

Figure 1. Correlations between pain intensity and outcome variables in patients with idiopathic inflammatory myopathies. HAQ-II, Health
Assessment Questionnaire; SF-36, Short Form 36.
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Given uncertainty in the underlying pathways linking patient
global disease activity and higher pain levels, we conducted a sen-
sitivity analysis excluding patient global activity. In this model, a his-
tory of smoking was associated with two times increased risk of
pain levels >3 in patients with IIM, after accounting for several
sociodemographic variables and comorbidities. The relationship
between smoking and pain is challenging to disentangle because
it is difficult to discern if the patients who smoke experience height-
ened pain sensitivity and report more pain or if patients with pain
react by smoking more. Prior studies suggest that this relationship
may be bidirectional. Pain could increase smoking behavior
because of its use as a coping strategy and the small acute analge-
sic effect of nicotine.16 Smoking can also enhance pain with loss of
the analgesic effect with prolonged exposure and heightened pain
in the absence of nicotine.17 This finding should be further studied
in a prospective cohort because it allows for better examination of
longitudinal associations between risk factors and outcomes.

Strengths of this study are the following: (1) it is the largest
study to date investigating pain prevalence in patients with IIM, and
(2) it is the first study to examine non–disease-related factors associ-
ated with pain intensity in patients with IIM. However, limitations are
also present. First, the cohort predominantly included White and
non-Hispanic individuals who agreed to complete semiannual ques-
tionnaires, whichmay not represent themyositis population at large,
limiting the generalizability of our findings. Second, the database
only included patient-reported variables, relying on patient’s knowl-
edge, which may introduce subjectivity and recall bias, and lacked
other important variables in myositis assessment, such as muscle
enzymes, muscle strength, and physician-reported disease activity
results, as well as other medications that can be used in pain man-
agement, such as gabapentin. Third, the cross-sectional design
limits our understanding of the directionality of results. Although we
hypothesized that some factors would contribute to pain while
others would be outcomes associated with pain, relationships are
likely bidirectional. Lastly, the patients with physician diagnosis of
IIM were included in the study; given that the inclusion was not
based on classification criteria, this may show variability between
sites. Future longitudinal studies involving targeted interventions will
be crucial to understanding causal relationships.

This large observational cohort study demonstrated a high
prevalence of pain among patients with IIM and identified associa-
tions between patient global disease activity, smoking, and signifi-
cant pain intensity in these patients. Pain was associated with
worse fatigue, functional disability, and lower health satisfaction in
patients with IIM. These results highlight the critical need to better
understand the pain experienced by patients with IIM to best
address the needs of the patients and provide patient-centric care.
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R E V I EW A R T I C L E

Racial and Ethnic Disparities in the Incidence and Prevalence
of Low Back Pain in the United States: A Systematic Review

Colleen A. Burke,1 Rebecca Fillipo,1 Meira Epplein,1,2 M. Alan Brookhart,1 Hayden B. Bosworth,1,3

and Adam P. Goode1,4

Objective. This systematic review synthesizes existing evidence to quantify racial and ethnic disparities in low back
pain (LBP) incidence and prevalence in the United States across stages of chronicity (acute, subacute, and
chronic LBP).

Methods. Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines, we systematically searched MEDLINE, Embase, the Cumulative Index to Nursing and Allied Health Literature
(CINAHL), and Web of Science (through January 7, 2025) for studies reporting LBP incidence or prevalence by race
and ethnicity in US adults. Risk of bias was assessed using the Risk of Bias in Non-randomized Studies - of Exposure
(ROBINS-E) tool.

Results. Of 8,145 citations, 23 studiesmet inclusion criteria (10 on incidence, 13 on prevalence). Some incidence stud-
ies found higher risk of chronic LBP among Black adults compared to White adults, whereas data on Hispanic and Latino
adults remain limited. Prevalence studies showed higher rates inWhite and American Indian and Alaska Native adults, with
lower prevalence in Black, Hispanic and Latino, and Asian adults. Military studies consistently reported that Black service
members experienced higher LBP incidence compared to other races. No studies examined the subacute state.

Conclusion. This review highlights persistent race-based differences in LBP, with critical gaps in research on acute
LBP incidence and community-based prevalence. Future studies should prioritize population-based research to better
capture racial differences in LBP burden and inform targeted interventions.

INTRODUCTION

Nonspecific low back pain (LBP) is pain in the lower back with-

out an identifiable underlying condition. It is often classified by dura-

tion: acute (<4 weeks), subacute (4–12 weeks), and chronic

(>12 weeks), which helps guide treatment and prognosis. LBP is

a leading cause of disability worldwide.1,2 In 2020, an estimated

619 million people worldwide experienced LBP, with the number

of cases expected to reach 843 million by 2050.3 The estimated

lifetime prevalence of LBP has been reported as high as 84%.4 In

the United States, it is the fifth most common reason for all physical

visits.5,6 As the population ages, especially in the United States, the

prevalence of LBP, and its associated costs, are expected to

continue rising.7 This imposes a substantial burden on individuals,

communities, health care systems, and economies,5,8 because

LBP contributes to reduced quality of life,9 work absenteeism,10

and increased health care use.11,12

The burden of LBP is not evenly distributed across popula-

tions, with social determinants of health (SDOH) playing a critical

role in shaping disparities in the incidence, prevalence, and asso-

ciated health care burden of LBP. SDOH, such as discrimination,

socioeconomic status, access to health care, occupational expo-

sures, and neighborhood environments, often contribute to differ-

ential LBP risk and experience across racial and ethnic

groups.13–15 Evidence suggests that individuals from historically

marginalized communities face higher rates of job insecurity,
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limited access to timely and high-quality medical care, and greater

exposure to psychosocial stressors, all of which have been linked

to an increased risk of many health conditions including LBP.15–17

Limited access to quality health care, including pain management

specialists, can contribute to disparities in treatment and pain

management for marginalized groups experiencing LBP.3,18,19

Experiences of discrimination and chronic stress then further

exacerbate pain perception and contribute to poorer pain man-

agement outcomes for minority populations, which may prolong

symptom burden.20 Research also indicates that Black and His-

panic and Latino populations report greater pain intensity com-

pared to White populations.21 These differences point to the

large contribution that SDOH and disparities play in LBP experi-

ences and burden. A recent systematic review examined SDOH

in chronic LBP frequency and severity, reporting that sex, race,

ethnicity, education, occupation, and socioeconomic status were

key risk factors associated with pain severity, disability, work

absenteeism, and opioid use and prescription.14 Although this

review provided invaluable insights into associations between

SDOH and specific LBP outcomes, it did not examine how these

factors influenced the incidence or the prevalence of LBP, and fur-

thermore, the review was limited to chronic LBP. This leaves a

gap in our understanding one of the most influential social drivers

of health inequities and disease burden, racial disparities in occur-

rence of LBP.
These disparities not only contribute to disproportionate suf-

fering and disability, but they also point to a complex interplay of
psychosocial, health care, policy, and systemic factors, including

differences in access to care, insurance coverage, and provider
biases in pain assessment and treatment. These differences
result in delayed care and increased emergency department use
and health care burden.22,23 Given these inequities and the
expected rise in LBP, a comprehensive systematic review is war-
ranted to build on our knowledge of SDOH and LBP to synthesize
existing evidence and quantify racial and ethnic disparities in LBP
incidence and prevalence in the United States. This review aims to
identify patterns of disparities in the epidemiology of LBP across
the stages of chronicity (ie, acute LBP, subacute LBP, and
chronic LBP). These findings will be key for informing future stud-
ies and public health interventions because a clearer understand-
ing of these disparities can help guide policy efforts to promote
equitable pain management strategies and reduce the dispropor-
tionate burden of LBP among racially and ethnically minoritized
populations. Such knowledge is a critical step toward developing
targeted public health strategies, informing policy initiatives, and
guiding future research to address disparities and improve LBP-
related outcomes for all at risk populations.

METHODS

Study design. A systematic review and meta-analysis was
conducted following the 27-item Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) Statement
for Reporting Systematic Reviews. The study was exempt from
institutional review board review at Duke University. The prere-
gistered protocol for this review is available in the International
Prospective Register of Systematic Reviews (PROSPERO;
https://www.crd.york.ac.uk/prospero/; registration number
CRD42023440302).

Search strategy. MEDLINE (via PubMed), Embase (via
Elsevier), Cumulative Index to Nursing and Allied Health Literature
(CINAHL; via EBSCOhost), and Web of Science (via Clarivate)
databases were searched on June 30, 2023, and repeated on
January 7, 2025, using the following search concepts: LBP, race
or ethnicity, and incidence or prevalence. To ensure complete-
ness, search strategies were developed in consultation with an
expert medical librarian. The full list of search strings for each
database can be found in Supplementary Materials 1–4. Filters
were applied to include studies involving human participants and
published in English. No restrictions were placed on the publica-
tion date, allowing for the inclusion of all studies available up to
January 2025.

Eligibility criteria. Any study that reported on the inci-
dence or prevalence of LBP by race or ethnicity was considered
for inclusion in this study. Study participants were required to be
18 years of age or older. We isolated our search to within the
United States because racial disparities are unique to countries
and/or regions. Because the goal was to examine nonspecific

SIGNIFICANCE & INNOVATIONS
• This review examined racial differences in low back

pain (LBP) incidence and prevalence across studies
conducted over different time periods (1973–
2025), finding heterogeneous results that may
reflect variation in study populations, methodolo-
gies, or changes in social, environmental, or health
care factors over time.

• Unlike prior reviews that focus primarily on chronic
LBP intensity or treatment approaches, this review
reports on various chronicity states, highlighting
racial differences in the transition from acute to
chronic LBP, which may have implications for long-
term disability and pain management.

• By distinguishing among findings from cohort stud-
ies, cross-sectional surveys, and administrative
claims data, this review provides a nuanced under-
standing of how racial disparities manifest in differ-
ent research contexts.

• Findings from this review can inform targeted inter-
ventions to reduce disparities in LBP, shape future
epidemiologic research, and guide health care pol-
icy efforts aimed at addressing inequities in muscu-
loskeletal health.
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LBP, studies investigating a specific etiology, such as trauma,
surgery, inflammatory conditions, and pregnancy, were excluded.
Pain had to be specified to be in the lower back region; studies
that identified back pain alone without reference to the location
of the lower back were excluded. Studies needed to provide out-
comes of prevalence and/or incidence of LBP, either alone or with
some other epidemiologic measures (eg, risk factors, burden of
disease). Incidence of LBP was defined as the occurrence
of new cases within a specified population over a given period.
Studies were permitted to define incidence in various ways, such
as first-ever episode of LBP in an individual’s lifetime, new epi-
sode of LBP after a specified pain-free period, LBP meeting a
specific pain threshold (eg, ≥4 of 10 on a pain scale), or LBP that
leads to health care use. Prevalence of LBP was defined as the
proportion of individuals experiencing LBP at a given time or over
a specified period. Prevalence estimates could include point prev-
alence, period prevalence, or lifetime prevalence. These out-
comes were then required to be examined by race and/or
ethnicity. Abstracts, narrative review papers, commentaries, pilot
studies, case series, single case reports, and qualitative studies
were excluded. We excluded studies that recruited only individ-
uals with LBP (eg, treatment-seeking, clinical, or surgical samples)
because these samples inherently reflect 100% prevalence and
cannot be used to estimate incidence or prevalence within a
defined population. Our comprehensive search strategy
(Supplementary Materials 1–4) included broad terms related to
LBP, epidemiology, and race and ethnicity, designed to maximize
sensitivity.

Study selection. Two reviewers (CAB and RF) indepen-
dently evaluated potentially eligible studies identified through the
search strategy detailed in the Search Strategy section. Articles
were first screened for eligibility based on review of the title and
abstract only, and disagreements were resolved by consensus.
Once all articles received two votes for inclusion or exclusion,
the two reviewers completed a full-text review to vote for final
inclusion or exclusion. All full-text reviews had to receive two votes
to be included in the final inclusion list. Consensus for inclusion
was obtained with the help of a third reviewer if necessary. At
the full-text review stage, we documented one primary reason
for article exclusion based on the Patient or Problem, Intervention,
Comparison, and Outcome (PICO) framework, prioritizing the first
applicable criterion. Previous systematic reviews on this, or a
related topic, were hand searched for potential inclusion.2,14,24

All references were managed and screened on Covidence, a
web-based tool for systematic reviews.25

Data collection and analysis. Data extraction and study-
quality assessment were done by two independent researchers
(CAB and RF). Cases of disagreement were solved by a discus-
sion between two reviewers or a third reviewer if necessary. For
data extraction, a form was designed in Covidence that included

the following variables: author names, location, data source, sam-
ple size, year of publication, date of data collection, prevalence
and/or incidence (incidence rate, odds ratio, risk ratio, prevalence,
etc) of LBP by race and/or ethnicity and associated confidence
intervals, and studies’ quality score. Age of population, sex (male
or female), follow-up period, and other relevant socio-
demographic or psychosocial characteristics were also
extracted.

Quantitative data synthesis and meta-analysis were not fea-
sible due to heterogeneity in study populations, outcomes, analyt-
ical methods, and publication timeframe. Instead, we summarized
key descriptive study-level information and results, synthesizing
the findings narratively. We grouped findings first based on inci-
dence versus prevalence, followed by general US population ver-
sus military personnel, then based on LBP chronicity, and finally
chronologically by the date of data collection. Where possible,
incidence rates, prevalence estimates, or other epidemiologic
measures (ie, odds ratios, risk ratios, and regression coefficients)
were extracted.

Quality assessment. Two reviewers (CAB and RF)
assessed risk of bias for each included study, using the Risk of
Bias in Non-Randomized Studies - of Exposure (ROBINS-E)
tool.26 A third reviewer was used for any conflicts of interest. The
ROBINS-E tool offers a systematic method for evaluating the risk
of bias in observational epidemiologic studies. It encompasses
seven bias domains, each assessed through a set of signaling
questions designed to collect key information about the study
and its analysis. These domains capture risk of bias due to con-
founding, measurement of exposure, selection of participants into
the study (or into the analysis), postexposure interventions, miss-
ing data, measurement of outcome, and selection of the reported
result. Finally, an overall judgment was made based on three key
considerations. Discrepancies in the risk of bias assessment were
resolved through consensus.

RESULTS

Search results and study characteristics. A compre-
hensive search was conducted across electronic databases,
yielding a total of 8,145 citations. After removing duplicate
records, 4,999 unique studies remained. Following a title and
abstract screening, 4,740 studies were excluded, leaving
259 for full-text evaluation. Upon full-text review, 236 studies were
further excluded based on LBP-only samples (no prevalence or
incidence estimation possible), pain or LBP etiology, outcomes
not separated by race, outcomes other than prevalence or inci-
dence, and improper study design. Ultimately, 23 studies met all
inclusion criteria and were incorporated into the final analysis
(Figure 1), 10 reported LBP incidence, and 13 reported preva-
lence. By LBP chronicity, 4 examined acute, 8 examined chronic
(including 1 high-impact chronic and 3 transition to chronic
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LBP), and 11 examined general LBP (no chronicity stated).
Although the transition to chronic LBP covers the subacute state,
no studies specifically examined prevalence or incidence of sub-
acute LBP. Seventeen studies investigated the general US popu-
lation, whereas six investigated military service members. Sample
sizes varied widely, from 1,135 to 1.47 million for prevalence stud-
ies and up to 1.48 billion person-years for incidence studies.
Some studies focused on specific subpopulations, such as young
women or older adults in the general population and vehicle oper-
ators or individuals with lumbar radiculopathy in military samples.
Racial comparisons varied: four studies compared only Black
and White individuals, whereas one included seven racial groups.
Data collection methods included medical records, surveys, and
interviews, spanning from 1973 to 2025 (Table 1).

LBP incidence. Five studies21,27–30 examined the incidence
of LBP in the general US population (Table 2). Only one study
evaluated acute LBP incidence and found that both White and
Black adults were over six times more likely than Asian adults to
seek treatment for acute LBP over five years.27 Four studies
examined chronic LBP incidence using varying measures: inci-
dence rates, odds ratios, and risk ratios.21,28–30 Two studies
found no racial differences in chronic LBP incidence, one using
inverse probability weighting–adjusted odds ratios and the other
using raw incidence counts in young women.28,29 Two others
found increased incidence for Black adults compared to White
adults.21,30 Overall, half of the studies reported significant racial
differences in LBP incidence or prevalence, with all significant
results showing greater burden in Black adults.

Articles Identified (n=8,145)
MEDLINE (n=2,139)
Embase (n=3,309)
CINAHL (n=701)
Web of Science (n=1,996)

Title and Abstracts Screened 
(n=4,999)

Full Text Articles Screened (n=259)

Articles Included in Systematic 
Review (n=23)

Duplicates Removed (n=3,146)

Papers Excluded (n=4,740)

Excluded after evaluation of full text (n=236)
LBP-only samples (no prevalence/incidence estimation possible) (n=113)
LBP & other pain combined (n=32)
Does not separate outcome by race (n=29)
Not a US-based study (n=22)
Not prevalence/incidence outcome (n=19)
Not original research study design (n=14)
Condition other than non-specific LBP (n=5)
Not in English (n=2)
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Figure 1. Flow diagram of retrieved, screened, and included studies. CINAHL, Cumulative Index to Nursing and Allied Health Literature; LBP,
low back pain.
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Five studies31–35 examined racial disparities in LBP incidence
among military service members (Table 2). Two reported on acute
LBP31,33 and three on general LBP32,34,35 (one of which exam-
ined lumbar radiculopathy35). All reported unadjusted incidence
per 1,000 person-years. Race was a statistically significant factor
in four studies.32–35 In three studies, Black service members con-
sistently experienced higher incidence than White service mem-
bers, and other racial groups reported lower incidence
estimates.32–34 The fourth study did not report any statistical sig-
nificance measures, but the reported incidence rate for Black ser-
vice members was higher compared to White service members
(incidence rate = 42.2 and 32.2 per 1,000 person-years, respec-
tively)31. The fifth study on lumbar radiculopathy reported that
White service members had higher incidence than Black service
members (referent), whereas all other racial groups had lower
rates.35

LBP Prevalence. Twelve studies36,37,38–46 examined LBP
prevalence in the US general population (Table 3). Only one study
evaluated acute LBP prevalence, using 1992 data from North
Carolina.38 It found higher rates of treatment for severe acute
LBP among White adults compared to Black adults. Four studies
assessed chronic LBP prevalence using data from 1992 to
20176,40–42. One national study reported higher chronic LBP
prevalence in White compared to Hispanic and Latino adults.39

Two North Carolina–based studies found no racial differences in
1992 but significant disparities by 2006, with higher prevalence
in White adults compared to Latino adults.40,41 A study using

Centers for Medicare & Medicaid Services (CMS) data found the
highest chronic LBP prevalence among White older adults, fol-
lowed by American Indian and Alaska Native adults, with the low-
est prevalence in the “other race” category.42 Seven additional
studies examined general LBP prevalence in the US popula-
tion.36,37,43–46 One was regional;36 six used national data.37,43–46

Among all 12 general population prevalence studies, 7 reported
statistically significant racial disparities, all showing higher LBP
prevalence in White adults.38–41,43,45,46 However, three studies
did not report statistical significance.36,37,42 Early data from
1973 showed minimal difference between Black and White
adults, although significance was not tested.36 Two studies by
Deyo et al43,45 found significantly lower LBP prevalence among
Black and Asian adults compared to White and American Indian
and Alaska Native adults43,45.

Only one study investigated the prevalence of LBP in the mil-
itary (Table 3).47 Mullinax et al used the Military Health System
Data Repository from 2009 to 2015 and reported annual preva-
lences of general LBP in active Navy and Marine personnel. This
study compared White service members to all other racial groups
(combined) and found that for four of the seven years, all other
racial groups had a small but statistically significant higher risk of
LBP compared to White service members.47

Trends in LBP incidence and prevalence over time
among the general US population.Only one study assessed
the incidence of acute27 and high-impact chronic LBP,21 limiting
our ability to evaluate temporal trends in incidence for these

Table 2. Incidence estimates of racial and ethnic disparities in LBP*

Date of data collection

Incidence estimate

Study, year LBP chronicity Incidence measure White Black Latino AAPI AI/AN Other

General US population
Waterman, 2012 Acute 2004–2008 IRR per 1,000 person-years 1.23a 1.38a 0.4 0.2 2.1 –

Plesh, 2012b Chronic 1987–1992 Incidence per 1,000 person-years 114 112 – – – –

Stevans, 2021 Chronic 2016–2019 IPW-adjusted OR 1 1.22 – – – 1.18
Roseen, 2023 Chronic 2016–2019 IPW-adjusted OR 1 1.49c 1.26 – – –

Roseen, 2023 High-impact chronic 2016–2019 IPW-adjusted OR 1 1.90c 1.83c – – –

Burke, 2025 Chronic 2022–2023 RR 1 1.76c – – – –

Military specific populations
Ernat, 2012d Acute 1998–2006 IR per 1,000 person-years 32.2 42.2 – – – 30.3
Knox, 2012 Acute 2000–2009 IR per 1,000 person-years 37.1 43.7c 35.9c 30.7c 32.4c –

Knox, 2011 General 1998–2006 IR per 1,000 person-years 38.9e 47.4e – – – 38.5
Knox, 2014b General 1998–2006 IR per 1,000 person-years 53.5e 59.0e – – – 45.4
Schoenfeld, 2012b General (lumbar

radiculopathy)
2000–2009 IR per 1,000 person-years 5.02f 4.64 – – – 4.26f

* Latino captures Hispanic, Latino, andMexican-American. AAPI, Asian American and Pacific Islander; AI/AN, American Indian and Alaska Native
and Native American; IPW, inverse probability weight; IR, incidence rate; IRR, incidence rate ratio; LBP, low back pain; OR, odds ratio; RR, risk
ratio.
a Statistically significant difference with AAPI as the referent group.
b Special population study.
c Statistically significant difference with White as the referent group.
d No statistical significance measure or interpretation provided.
e Statistically significant difference with other as the referent group.
f Statistically significant difference with Black as the referent group.
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conditions. Furthermore, due to methodologic heterogeneity of
studies, only descriptive incidence estimates were presented
across studies by race and ethnicity; these data are not intended
to reflect or imply longitudinal trends in disparities. Among the four
studies reporting chronic LBP incidence,21,28–30 one study
focused on a special population28 and two studies used the same
data source.21,29 Estimates include incidence rates,27 raw cumu-
lative incidence28, odds ratios,21,29 and risk ratios.30 A compari-
son between Stevans et al and Burke et al displays an increase
in the observed disparity in chronic LBP incidence between White
and Black adults (Figure 2A). However, it is important to note that
Burke et al examined data exclusively from non–care-seeking
individuals in two communities in North Carolina and reported risk
ratios. In contrast, Stevans et al used a more geographically
diverse sample of health care–seeking adults and reported odds
ratios, which may overestimate risk when the outcome is com-
mon. Although these studies both examine incident chronic LBP
in recent years, these marked differences in study design make
a direct comparison between the two study findings challenging.
For Plesh,48 an incidence rate was calculated using reported data
on raw cumulative incidence. This variability reflects differences in
study design and outcome reporting, and estimates are pre-
sented as originally reported or derived using available data.

Similar to incidence, only one study examined the preva-
lence of acute LBP, making temporal trends unobservable.38

For chronic LBP, prevalence data were available from studies
published between 1992 and 2021.39–42 These data indicate
an overall increase in prevalence from 3.9% to 14.8%. Across
studies examining chronic LBP, White adults consistently
exhibited higher prevalence rates than Black adults. However,
the magnitude of this disparity did not appear to increase over
time (Figure 2B). A similar trend of increasing overall preva-
lence over time was observed for general LBP. The earliest
study published in 1973 reported a prevalence of 17.9%,36

compared to 31.4% in 2018.37 In contrast to chronic LBP,
racial disparities in general LBP prevalence varied across stud-
ies, with different racial groups experiencing higher prevalence
in different studies.

Risk of bias assessment and heterogeneity. Quality
assessment using the ROBINS-E tool demonstrated a wide range
of risk of bias scores. Overall, 39.1% of studies were classified as
a low risk of bias (n = 9), 47.8% as a moderate risk of bias (n = 11),
and 13.0% as a high risk of bias (n = 3) (Table 4). Of the included
studies, most risk of bias concerns came from unobserved con-
founding, selection of participants, missing data, and measure-
ment of the outcome.

A meta-analysis and formal tests for heterogeneity (eg,
Cochran’s Q, I2 statistic) were not conducted due to substantial
clinical and methodologic heterogeneity across studies.

Table 3. Prevalence estimates of racial and ethnic disparities in LBP*

Study, year
LBP

chronicity
Date of

data collection

Prevalence estimate

White Black Latino AI/AN Asian NH/PI Other Mult. Unkn.

General US population
Carey, 1996 Acute (severe) 1992 8.0 5.0a – – – – – – –

Hardt, 2008 Chronic 1999–2002 10.8 9.0 5.4a – – – 9.2 – –

Freburger, 2009 Chronic 1992 4.1 3.0 – – – – 4.1 – –

Freburger, 2009 Chronic 2006 10.5 9.8 6.3a – – – 9.1 – –

Carey, 2010 Chronic 2006 10.4 9.8 6.3a – – – – – –

Hogans, 2021b,c Chronic 2017 15.1 12.7 13.4 14.9 14.4 – 11.9 – 12.8
Nagi, 1973c General NR 17.9 18.6 – – – – – – –

Deyo, 1987 General 1976–1980 14.2 13.4a – – – – 9.3a – –

Andersen, 2003b General 1988–1994 21.2 23.5 21.8 – – – – – –

Deyo, 2006 General 2002 27.4 23.9a 24.3 35.0a 19.0a 26.8 – – –

Plesh, 2011 General 2000–2005 29.5 24.6a 24.4a – – – – – –

Bauer, 2012b General 2002–2003 14.0 – 13.7 – 9.3a – – – –

Peng, 2018c General 2015 31.8 28.4 26.8 37.7 19.0 – – 34.6 –

Military specific populations
Ratio of prevalence among all other

races to White adults 95% CI

Mullinax, 2023 General 2009 1.04a 1.02–1.06
2010 1.02 1.00–1.04
2011 1.02 1.00–1.04
2012 1.03a 1.01–1.05
2013 1.02 1.00–1.03
2014 1.02a 1.01–1.04
2015 1.03a 1.02–1.05

* Latino captures Hispanic, Latino, and Mexican-American. Prevalence ratios for military specific populations reflect prevalence comparisons
between White adults and all other races, with White as the referent group. AI/AN, American Indian and Alaska Native; CI, confidence interval;
LBP, low back pain; NH/PI, Native Hawaiian and Pacific Islander; NR, not reported.
a Statistically significant difference with White as the referent group.
b Special population study.
c No statistical significance measure or interpretation provided.
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Figure 2. Racial and ethnic LBP disparities over time among the general US population in (A) incidence and (B) prevalence. For A, Incidence esti-
mates reflect the measure reported in each study: incidence rates (Waterman and Plesh), odds ratios (eg, Stevans and Roseen), and risk ratios (eg,
Burke). For Plesh, an incidence rate was calculated using reported data on raw cumulative incidence. The vertical dashed line at 1.0 represents the
null value for relative measures but does not apply to raw incidence estimates. For Plesh, Stevans, Roseen, and Burke, incidence estimates are
reported as odds or risk ratios with White race as the referent group. The dashed vertical line at 1.0 represents the null value for these relative mea-
sures. ⋄Special population study. CI, confidence interval; HI, high impact; LBP, low back pain. Color figure can be viewed in the online issue, which
is available at http://onlinelibrary.wiley.com/doi/10.1002/acr.25665/abstract.
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Specifically, included studies varied widely in outcome measures
(eg, incidence rates, odds ratios, risk ratios, prevalence esti-
mates), population characteristics (eg, military vs general US pop-
ulation), definitions of LBP chronicity (acute, chronic, general), and
how racial and ethnic categories were operationalized. Many out-
comes were reported by a single study or were not comparable
across studies, precluding meaningful statistical synthesis. As a
result, findings were summarized narratively, and results were
grouped by outcome type, chronicity, and population.

DISCUSSION

This systematic review highlights the presence of racial dis-
parities in the incidence and prevalence of LBP in both the US
general and military populations. Across studies, several reported
higher incidence and lower prevalence of LBP among Black
adults compared to White adults, although these patterns were
not always uniform. Evidence for other racial and ethnic groups
were limited. These differences were most consistently observed
in chronic LBP, whereas findings for general LBP were mixed.
Heterogeneity in study design, case definitions, and timeframes
complicates conclusions about temporal trends or consistency
of disparities across populations.

The findings of this review highlight an important consideration:
how race is conceptualized and reported and the implications of
these decisions. All included studies reported on White participants,
and all but one included Black participants. Hispanic and Latino

ethnicity was reported in most studies (three incidence studies and
nine prevalence studies), followed by “other” race categories in a
smaller subset (one incidence study and five prevalence studies).
Reporting of other racial groups including Asian, Native Hawaiian
and Pacific Islander, American Indian, and Alaska Native participants
was less frequent. This underrepresentation makes it challenging to
generate stable estimates of incidence and prevalence.

Further complicating interpretation, the way race was cate-
gorized varied across studies. For example, one study compared
“Black versusWhite versus other,”whereas another distinguished
“White versus Black versus Asian versus American Indian versus
unknown.” Although inconsistent categorizations limit comparability
across studies, simply using uniform categories is not a complete
solution. Racial and ethnic identity is multifaceted and context
dependent, often reflecting structural inequities and lived experi-
ences. Frequently, people identify with more than race or ethnicity,
thus introducing further heterogeneity that complicates interpreta-
tion. TheNIH requires demographic reporting so that research is rep-
resentative, reproducible, and relevant to all populations and so
disparities can be identified and addressed rather than overlooked.
However, although baseline demographics may be reported, many
epidemiologic studies on LBP incidence and prevalence did not
stratify their outcomes by race. As a result, critical opportunities to
understand and address disparities are often missed. Recognizing
both the limitations of categorical approaches and the importance
of transparent, consistent reporting is essential to advancing equity-
focused LBP research.

Table 4. ROBINS-E risk of bias*

Author, year Confounding
Measurement
of exposure

Selection
of participants

Postexposure
interventions

Missing
data

Measurement of
outcome

Selection
of reported

result Overall quality

Plesh, 2012a 1 1 1 0 0 1 0 Moderate risk
Waterman, 2012 0 0 1 0 0 0 0 Moderate risk
Stevans, 2021 0 0 1 0 1 0 0 Moderate risk
Roseen, 2023 0 0 1 0 1 0 0 Moderate risk
Burke, 2025 0 0 1 0 1 1 0 Moderate risk
Ernat, 2012 0 0 0 0 0 0 0 Low risk
Knox, 2012 0 0 0 0 0 1 0 Moderate risk
Knox, 2011 0 0 0 0 0 0 0 Low risk
Knox, 2014a 0 0 0 0 0 0 0 Low risk
Schoenfeld, 2012a 0 0 0 0 0 0 0 Low risk
Carey, 1996 1 1 1 0 1 2 1 High risk
Hardt, 2008 0 0 0 0 0 0 0 Low risk
Freburger, 2009 1 0 0 0 1 2 1 High risk
Carey, 2010 1 0 0 0 1 2 0 High risk
Hogans, 2021a 1 0 0 0 0 0 0 Moderate risk
Nagi, 1973 1 0 1 0 0 0 1 Moderate risk
Deyo, 1986 1 0 1 0 0 0 1 Moderate risk
Andersen, 2003a 1 0 0 0 0 0 1 Moderate risk
Deyo, 2006 1 0 0 0 1 1 1 Low risk
Plesh, 2011 0 0 0 0 0 0 0 Low risk
Bauer, 2012a 1 0 1 0 0 0 0 Moderate risk
Peng, 2018 0 0 0 0 0 0 0 Low risk
Mullinax, 2023 0 0 0 0 0 0 0 Low risk

* ROBINS-E; Risk of Bias in Non-randomized Studies-of Exposure.
a Special population study.
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A notable finding is that Black adults were seen to have a
higher incidence of LBP but lower prevalence compared to White
adults. Several factors may explain this apparent paradox. Inci-
dence estimates were often derived from health care use data,
which capture individuals who seek care for a new episode of
LBP, typically those with more severe or disruptive symptoms. In
contrast, prevalence estimates often came from self-reported
surveys in which individuals could report LBP regardless of sever-
ity or whether they sought care. If racially minoritized groups are
less likely to report milder symptoms in surveys but more likely to
experience severe pain that requires medical attention, this may
help explain the paradox. Another possibility is that the data accu-
rately reflect real differences: higher incidence with lower preva-
lence often indicates more short-lived episodes, whereas lower
incidence with higher prevalence suggests longer-duration,
chronic cases. One possible interpretation is that acute, short-
lived but intense episodes may be more common among Black
adults, whereas chronic LBP could be more common among
White adults. Beyond measurement differences, disparities in
pain severity, systemic barriers to health care access, and medi-
cal mistrust may also contribute, which may result in Black
patients disengaging from follow-up care so their prevalent pain
is no longer captured, despite a high burden.49 Structural ineq-
uities in health care access, pain management, and occupational
exposures likely influence these disparities.49,50 However, the evi-
dence base is too limited to draw firm conclusions, and more lon-
gitudinal research is necessary.

With regards to health care patterns, this review highlights
the need for more community-based and population-level studies
on the incidence and prevalence of LBP by race, particularly acute
LBP. Research on nonspecific acute LBP is extremely limited.
Most studies focus on general or chronic LBP, and the only acute
LBP prevalence study examined severe cases resulting in care
seeking in 1992, substantially limiting generalizability, especially
for racial disparities. Acute LBP may be less commonly studied
because of its short duration and high likelihood of resolution,
which create methodologic challenges in measuring incidence
outside health care settings. Prospective surveillance of short-
duration symptoms would require large, healthy cohorts with fre-
quent follow-up, a resource-intensive design feasible mainly in
structured systems such as the military. Several studies relied on
health care–seeking cohorts, which may not capture true inci-
dence or prevalence estimates because marginalized groups
often face barriers accessing care and may not seek treatment
for acute episodes.51 Longitudinal, community- and workplace-
based cohorts could provide a more comprehensive picture of
acute LBP onset. Furthermore, understanding racial disparities
in acute LBP is crucial for determining whether disparities emerge
at the onset of LBP or develop as pain persists, which may pro-
vide insight into transitions from acute to chronic LBP.

Identifying how and when disparities emerge is essential for
uncovering mechanisms and developing timely, targeted

interventions to advance equity in prevention and treatment.
Some studies suggested higher incidence in racially minoritized
groups, particularly Black adults. If these findings are confirmed,
early intervention is critical to preventing chronic pain progression.
Reports of lower prevalence in these groups may reflect underre-
porting, differences in symptom perception, or barriers to diagno-
sis and care rather than a truly lower burden of disease. Incidence
data from health care encounters may therefore provide a more
accurate indicator of severe or disabling cases requiring clinical
attention. Focusing on early identification and treatment could
mitigate disparities in long-term outcomes, even when self-
reported prevalence appears lower. Inconsistent prevalence pat-
terns across racial groups highlight the need for culturally respon-
sive pain assessment and management. Expanding community-
based and workplace interventions and ensuring equitable
access to pain management resources are essential to reducing
disparities and improving outcomes.

This systematic review is subject to limitations. Variability in
study designs, data sources, and LBP case definitions introduces
heterogeneity, complicating comparisons. Definitions of acute,
chronic, and general LBP were similar but inconsistent, and stud-
ies used different racial categorizations, further limiting cross-
study comparability. The lack of longitudinal data on acute LBP
incidence in the general population is a major gap, with only one
relevant study from 2012. More research is needed on acute
LBP incidence outside health care settings and the factors driving
disparities in the transition to chronic LBP. Similarly, limited
research on LBP prevalence in military populations prevents a full
understanding of trends and disparities in this setting. Addition-
ally, many studies lacked adjustment for health care access,
occupational exposures, and SDOH, factors that likely contribute
to LBP disparities. Race is an imperfect proxy for systemic dis-
crimination, and LBP disparities often reflect broader structural
inequities in health care use and occupational risk. Most included
studies reported unadjusted estimates, increasing the risk of bias.
Future research should incorporate these factors to better under-
stand the underlying drivers of disparities.

Despite these limitations, this review provides a comprehen-
sive synthesis of racial disparities in LBP incidence and preva-
lence in both general and military populations. Addressing key
knowledge gaps, including acute LBP incidence in the general
population, community-based incidence research, acute LBP
prevalence studies, updated chronic LBP prevalence estimates,
and evolving military prevalence trends, will be essential for
informing targeted interventions and improving pain management
strategies across diverse populations.
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Assessment of Pain Types in Recently Diagnosed Patients
With Inflammatory Arthritis

Zoe Rutter-Locher,1,2 Sam Norton,2 Joseph L. Taylor,2 Bina Menon,1 Tom Esterine,2 Ruth Williams,2

Leonie S. Taams,2 Kirsty Bannister,3 and Bruce W. Kirkham1

Objective. Up to 40% of patients with inflammatory arthritis (IA) experience persistent pain, traditionally thought to
be associated with a shift from peripherally to centrally mediated pain during the disease course in some patients. We
assessed sensory profiles of recently diagnosed individuals with IA, hypothesizing that pain reported at this early stage
of diagnosis is driven predominantly by peripheral joint inflammation.

Methods. Recently diagnosed patients with IA with pain numerical rating scale scores of ≥3 were recruited. We col-
lected data on the following: arthritis activity (Disease Activity Score in 28 joints [DAS28], musculoskeletal ultrasonog-
raphy), quality of life (Musculoskeletal Health Questionnaire [MSK-HQ], EuroQol 5-domain), mental health status
(Patient Health Questionnaire Anxiety–Depression Scale [PHQ-ADS]), and pain characteristics (fibromyalgia criteria,
painDETECT, static and dynamic quantitative sensory testing [QST]).

Results. Sixty-one participants (57% female, 62% with rheumatoid arthritis) were enrolled (mean ± SD age 49.8 ±
15 years; mean ± SD time since diagnosis 1.2 ± 2.3 months). Ninety-seven percent had peripheral joint inflammation,
with a mean ± SD DAS28 score of 3.8 ± 1. However, 21% met the fibromyalgia criteria, 25% had a painDETECT score
of ≥19, and 20% had a tender joint count minus swollen joint count of ≥7, which significantly correlated with DAS28,
MSK-HQ, and PHQ-ADS scores. QST revealed lowered pressure pain thresholds at nonarticular sites in a subset of
participants and facilitated temporal pain summation and deficient pain modulation in 18% and 61% of patients,
respectively.

Conclusion. This study provides evidence of centrally mediated pain at the time of diagnosis, challenging the
notion that, even at the early stage of disease, pain is driven only by peripheral mechanisms.

INTRODUCTION

Despite major improvements in therapies and treatment

strategies, up to 40% of patients diagnosed with inflammatory

arthritis (IA), including rheumatoid arthritis (RA), psoriatic arthritis,

and ankylosing spondylitis, continue to experience persistent

pain.1–4 Pain intensity initially improves during the six-month

period post diagnosis, likely attributable to the anti-inflammatory

properties of disease-modifying antirheumatic drugs. However,

after that period, joint tenderness and pain persist, which might

be unresolved inflammation, or as often found in the absence of

synovitis, it might be pain sensitization1 or a combination of both.5

A recent meta-analysis by our group found that, according to

patient-reported outcome measures (PROMs), pain sensitization

was present in 20% to 30% of individuals with established IA, with

the largest group being those with psoriatic arthritis.6 What underlies

this pain sensitization remains equivocal, with postulatedmechanisms

encompassing dysfunction in both peripheral and central pain-

processing pathways, including spinal and supraspinal circuits.7–10

Improving our understanding of how persistent pain is initiated,

develops, and is maintained in the patient population with IA is crucial

because it could help guide appropriate therapeutic strategies.
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Pain in IA can have many different causes, ranging from per-
sistent joint inflammation to dysfunctional neural processes,
which require the use of multiple assessment tools to provide a
more complete understanding. Musculoskeletal ultrasonography
(MSKUS) provides an objective assessment of peripheral joint
inflammation in addition to clinical examination, whereas quanti-
tative sensory testing (QST) allows activity in peripheral nerves to
be inferred (static QST) alongside the functionality of central
pain-processing pathways (dynamic QST). When combined
with validated questionnaire data, which provide insights into
the patient pain experience, clinical examination, MSKUS, and
QST outcomes can be used to build an individual’s sensory pro-
file. Cumulatively, these profiles can help deduce likely pain-
causing mechanisms.11,12

Studies using questionnaire and QST methods, mainly
cross-sectional design in patients with longstanding IA,13,14 have
suggested the presence of centrally mediated pain in a subset of
patients. This research has led to the current consensus that, in
some patients, during their disease course, pain primarily caused
by peripheral joint inflammation at diagnosis transforms to include
pain that is underpinned by dysfunction in central nervous system
processes.7 The temporal nature of this shift during the disease
course remains unclear because no studies have explored
detailed pain characteristics at diagnosis, and there are limited
longitudinal studies. In keeping with the current understanding
that centrally mediated pain develops over the course of the dis-
ease, we hypothesized that peripherally mediated inflammatory
pain would predominate during this initial disease phase, with little
evidence of dysfunctional central pain processing. Here we report
the initial sensory profiles of individuals with IA promptly after diag-
nosis, established with an array of techniques encompassing
both MSKUS and QST alongside validated questionnaires. To
our knowledge, this is the first study to employ such a detailed

multimodal approach to sensory profiling in newly diagnosed
patients with IA.

PATIENTS AND METHODS

Study population. This study presents baseline data
obtained from an initial cohort of 61 patients enrolled in the Pain
Phenotypes and Their Underlying Mechanisms in Inflammatory
Arthritis Study (PUMIA). PUMIA is a single-site, prospective, longi-
tudinal, observational study aiming to understand pain mecha-
nisms in IA. Recruitment of participants took place at the
rheumatology outpatient department of Guy’s Hospital, London,
between February 2022 and November 2022. Inclusion criteria
for the study encompassed individuals who reported a total
numerical rating scale (NRS) pain score of 3 or higher on a scale
of 0 to 10, received a clinician diagnosis of peripheral inflamma-
tory joint disease, and experienced symptom onset within the
past 12 months. Patients were enrolled in the study as soon as
feasible following their diagnosis.

Patients were excluded if they were under 18 years of age,
were unable or unwilling to provide informed written consent,
were unable to adhere to study protocols, were pregnant or
breastfeeding, were receiving non-IA–related immunosuppres-
sant therapy, were undergoing current or recent (within the last
90 days) treatment with investigational agents, or had a history
of severe peripheral vascular disease or peripheral neuropathy.
Use of opioids, gabapentin, or pregabalin was stopped 24 hours
before assessment. All participants gave fully informed written
consent, and the study protocol received approval from Bromley
Research Ethics Committee and the Health Research Authority
(research ethics committee number 21/LO/0712).

Clinical assessment and ultrasonography. Routine
demographic data (including age, sex, ethnicity—self-reported
from a predefined list—body mass index, smoking status,
employment status, and comorbidities), disease data (including
diagnosis, disease duration, and serology), and medication his-
tory were obtained from each participant. The term “current ste-
roids” refers to oral prednisolone taken within the past two
weeks or intramuscular methylprednisolone acetate administered
within the last three months.

Patients were assessed for disease activity (C-reactive pro-
tein [CRP], 68 tender joint count [TJC], 66 swollen joint count
[SJC], Disease Activity Score in 28 joints [DAS28], TJC − SJC
using 28 joints) and completed questionnaires for quality of
life (QoL; Musculoskeletal Health Questionnaire, EuroQol
5-domain15), impact of disease (Rheumatoid Arthritis Impact of
Disease16), somatic symptoms (Patient Health Questionnaire
15 [PHQ-15]17), andmental health (PHQ-9 for depression,18 Gen-
eralized Anxiety Disorder 7 [GAD-7]19). Fibromyalgia status was
determined according to the 2016 revision of the American Col-
lege of Rheumatology 2010 modified fibromyalgia diagnostic

SIGNIFICANCE & INNOVATIONS
• This study is the first to record comprehensive sen-

sory profiles incorporating clinical examination,
ultrasonography, questionnaire, and quantitative
sensory testing (QST) data in the early stage of
inflammatory arthritis diagnosis.

• Of those tested, 97% had peripheral joint inflamma-
tion confirmed by clinical assessment and ultraso-
nography. In addition, clinical, patient-reported,
and QST outcome measures revealed the likely
presence of centrally mediated pain in a subset of
participants.

• These findings challenge the longstanding assump-
tion that only peripheral mechanisms driven by
joint inflammation underpin pain at diagnosis,
highlighting a role for centrally mediated pain even
in the early stage of the disease.
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criteria20 (Widespread Pain Index [WPI] and Symptom Severity
Scale [SSS] score). Fibromyalgia severity was assessed as the
sum of the WPI and SSS scores. Pain assessment was con-
ducted using (1) the NRS for, pain in which individuals are asked
to score, between 0 and 10, both total body pain andmost painful
joint pain in the last 24 hours (the “target joint”), and (2) the pain-
DETECT questionnaire, which identifies neuropathic-like pain.21

The painDETECT has been used in previous studies as a proxy
for pain caused by central mechanisms due to the similarity in
symptom profiles.22–24

A 14-joint MSKUS assessment was used to obtain an objec-
tive evaluation of joint inflammation, particularly subclinical synovi-
tis. Bilateral radiocarpal joints, intercarpal joints, ulnocarpal joints,
metacarpophalangeal joints 2 and 3, proximal interphalangeal
joints 2 and 3, and metatarsophalangeal joints 2 and 3 were
graded semiquantitatively for gray scale (GS) and power Doppler
(PD) according to the EULAR–Outcome Measures in Rheumatol-
ogy criteria25 by two individual raters, blinded to patient demo-
graphics or sensory profile.

QST. Static QST. The QST protocols established by the Ger-
man Research Network on Neuropathic Pain (DFNS) were
applied to assess cutaneous sensory detection using standard-
ized von Frey hairs (mechanical detection threshold [MDT]) and
pain thresholds using a standardized pinprick set (mechanical
pain threshold [MPT]) on the target most painful joint and control
site (contralateral volar forearm).26 These tests are performed
using standardized instructions in which normative data, grouped
by age, sex, and site, are available to allow comparisons with
healthy controls.27 The established DFNS protocol was also used
to assess the pressure pain threshold (PPT) at the joint line of the
target most painful joint, the dorsal aspect of bilateral wrists, and a
nonarticular control site (bilateral trapezius muscles) using a Wag-
ner Force 25 FDX algometer (Wagner Instruments).26 PPT is the
point at which a pressure applied first becomes painful, and lower
pain thresholds reflect higher pain sensitivity. Lower PPT at non-
articular sites suggest widespread pain likely underpinned by cen-
tral mechanisms, whereas lower PPT at joint sites only suggests
local joint pain sensitivity due to joint inflammation and peripherally
mediated mechanisms.

Dynamic QST. Dynamic QST comprises temporal summa-
tion of pain (TSP) and conditioned pain modulation (CPM) para-
digms. The TSP paradigm provides a proxy measure of spinal
neuronal activity. In brief, delivery of an equal-intensity noxious
stimulus above a critical rate leads to an increase in the individ-
ual’s perception of that stimulus. We used two (TSP) paradigms.
The first followed a DFNS protocol using pinprick stimulators,26

and the second followed a standard protocol using cuff pressure
algometry (detailed protocol in the Supplementary Material). Spi-
nal neuronal activity can be modulated through descending mod-
ulatory circuits, whose function can be assessed upon application
of a CPM paradigm.28,29 In brief, a measure of painfulness for a

test stimulus is taken, in the absence or presence of a second
painful “conditioning” stimulus. The difference in the participant’s
ratings of the test stimuli (before and during conditioning) is the
measure of a “CPM effect,” in which a “CPM responder” refers
to an individual who experiences a significant reduction in pain
rating of the test stimulus upon conditioning whereas a “CPM
nonresponder” does not. For the CPM paradigm, we followed a
computerized cuff algometry protocol.30

Statistical analysis. All data are presented as mean ±
SD. Paired or independent t-tests were employed, as appropri-
ate, to identify significant differences in means. To normalize the
data for MDT, MPT, PPT, and TSP, logarithmic transformations
were applied,27,31 resulting in values with a mean of 0 and an SD
of 1. Absolute reference data (matched for age, sex, and site—
dorsum of the hand for MDT, MPT, and TSP and thenar eminence
for PPT) were used to normalize test results of the individual partici-
pant by calculating the Z transformation: (value participant − mean
controls)/SD controls.32 A Z score of ±1.96 corresponded to statisti-
cal significance at the 0.05% level.

In addition to descriptive analysis, to provide a more formal
test of the relative contribution of inflammation and other candidate
variables to pain, we conducted a regression model with pain NRS
as the dependent variable. MSKUS total GS and PD; our preferred
measure of peripheral inflammation) was entered in the first block,
followed by demographic factors in the second block to estimate
the adjusted association, followed by other plausible contributors
to pain, including fatigue, mood, and centrally mediated pain
markers, in a third block. This blockwise approach allowed us to
estimate the variance in pain explained by inflammation alone and
the incremental contribution of other factors.

Pearson correlations were used to investigate the relation-
ships between markers of central pain mechanisms, peripheral
inflammation, and QST parameters and clinical outcomes, such
as pain levels, disease activity, and mental health. All assumptions
for parametric tests were checked before analysis. For variables
showing deviation from normality, key analyses were repeated
using nonparametric equivalents (eg, Spearman’s correlation) as
a sensitivity check. Given the exploratory nature of this analysis,
effect sizes were primarily evaluated. For all analyses, P values
below 0.05 were considered statistically significant.

Finally, an exploratory factor analysis was conducted to iden-
tify underlying latent variables (factors) accounting for the com-
mon variance across observed variables (detailed protocol in the
Supplementary Material). All analyses were performed using Stata
version 17.0 (StataCorp LLC). All data are available upon request
to the corresponding author.

RESULTS

Demographics and clinical assessment. Demographics.
We recruited 61 patients composed of a broad range of
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ethnicities predominantly with a diagnosis of RA (62%), with the
remaining 38% having a mixture of early IA, psoriatic arthritis,
and spondylarthritis. The mean age of participants was 49.8 years
(range 19–86 years), and most participants were female (57%).
Mean ± SD symptom duration was 6.3 ± 3.1 months, and mean
± SD time since diagnosis was 1.2 ± 2.3 months (Table 1).

Disease activity and therapy. The mean ± SD DAS28-CRP
was 3.8 ± 1. The mean ± SD total and target joint pain on an
NRS (0–10) was 5.5 ± 2.1 and 5.1 ± 2.5, respectively (Table 1).

Mental health and QoL. The prevalence of participants with
patient-reported outcome indications of anxiety, depression, and
somatization in the patient population was high (Table 1
and Figure 1). QoL was in keeping with established RA
populations.33

Ultrasonographic assessment. There was evidence of active
synovitis either clinically or on ultrasonography in 59 patients
(97%), in keeping with a recent IA diagnosis. Of the 59, 37 (61%)
had GS positivity, and 22 (36%) had PD positivity at the target
joint (Table 2). Of the 24 patients (39%) who had neither GS or
PD positivity at the target joint, 17 had GS or PD positivity at other
joints, and 7 did not, although 5 of those had clinically swollen
joints not examined by ultrasonography. Of note, 24 of the
39 patients with PD 0 at the target joint had recently received ste-
roid therapy, which may have suppressed the PD signal.

Clinical outcome measures and PROMs. The assessment of
WPI and TJC − SJC provides an indication of widespread pain,34

which is often associated with centrally mediated pain. Of the total
61 participants, 20% to 30% fulfilled criteria for widespread pain,
fibromyalgia, and neuropathic-like pain on the painDETECT ques-
tionnaire (Table 1), and these PROMs were correlated
(Supplementary Table S1).

QST. In this section, we provide a summary of the QST find-
ings. Further details for interested readers are presented in the
Supplementary Material.

Static QST: cutaneous sensation and pain thresholds.
Cutaneous sensation (MDT) and pain thresholds (MPT) showed
no deviation from normative values at the target joint or control
site (Figure 2A, Z values < 1.96). There was a significant increase
in sensitivity in MPT at the control site compared to the target joint
(P = 0.006), which may reflect a normal difference in sensation
between the joint and forearm sites or hypoesthesia due to inflam-
mation at the joint (Supplementary Table S2). Comparison with
healthy controls would be required to determine this.

Static QST: PPT at target joint and trapezius. A low PPT
reflects pain sensitization, and a higher Z score is indicative of gain
of function (sensitivity), with a Z score of ≥1.96 representing signif-
icant sensitivity. As a group, participants showed significantly
increased sensitivity compared to normative data at all sites
except the right trapezius (mean PPT Z score at target joint 3.8
[SD 3.0], left wrist 2.9 [SD 3.1], right wrist 2.9 [SD 2.5], left

trapezius 2.1 [SD 2.5], right trapezius 1.7 [SD 2.4]; Supplemen-
tary Table S3). Sensitivity was significantly greater at the target
joint than at the left (P = 0.007) and right trapezius (P = 0.000). Six-
teen (26%) had significant sensitivity (Z score ≥ 1.96) at joint sites
only, suggesting peripheral sensitization. Thirty-four (56%) had
significant sensitivity at both joint and trapezius sites, indicating
possible widespread centrally mediated pain. No patients had tra-
pezius sensitivity without joint or wrist sensitivity. Eleven (18%)
showed no significant sensitivity at any site.

Dynamic QST: TSP. Using the cuff algometer, 9 of 51 (18%)
fulfilled criteria for facilitated TSP with a ratio of >2.48 (Figure 3A
and Supplementary Figure S1). In contrast, there was no differ-
ence in TSP, using pinpricks compared to normative data at either
the target joint (test) or the control site (Figure 3B).

Dynamic QST: CPM. In total, 35 of 57 participants (61%)
were CPM nonresponders (ie, those not reporting a decrease in
pain perception upon the application of a painful test stimulus
concurrent to a conditioning stimulus) based on pain detection
thresholds, and 44 of 57 (77%) were CPM nonresponders based
on pain tolerance thresholds (Figure 3C and D). Although pain
detection thresholds did not vary across CPM nonresponder
and responder groups, CPM nonresponders reported lower pain
tolerance thresholds (Supplementary Table S4), highlighting that
although both groups had similar initial pain sensitivity, nonre-
sponders had a reduced ability to endure pain.

Multivariable linear regression model. In blockwise
linear regression, MSKUS total GS and PD alone (block 1), our
measure of peripheral inflammation, explained little of the variance
in pain scores (R2 = 0.0006, P = 0.86). Adding age and sex
(block 2) modestly increased the explained variance (R2 =
0.0619, P = 0.36). In the final model (block 3), which included
additional variables plausibly linked to pain, fatigue, mood (PHQ
Anxiety–Depression Scale), fibromyalgia severity (WPI and SSS),
painDETECT score, and trapezius PPT, the explained variance
increased substantially (R2 = 0.3538, P = 0.009). Contrary to our
hypothesis that inflammation would be a key driver of pain,
MSKUS total GS and PD contributed little to the variance in pain
scores, suggesting that noninflammatory factors may contribute
more to pain severity in this cohort.

Correlations and factor analysis of clinical outcome
measures and PROMs. Clinical and patient-reported out-
comes that suggest centrally mediated pain and lower nonarticu-
lar PPT correlated with higher disease activity (DAS28), increased
fatigue, decreased QoL, greater impact of disease, and worse
mental health measures (Table 3). In contrast, clinical measures
of peripheral inflammation (total GS and PD positivity on ultraso-
nography, SJC) did not (Table 3). There was no correlation
between clinical markers of central pain and dynamic QST
(Supplementary Table S5).
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Based on factor analyses of the 14 variables, we identified
two underlying latent factors. CRP, TSP, and CPM had Kaiser–
Meyer–Olkin (KMO) statistics below 0.5 and were not included
in the model. The overall KMO statistic was 0.76, indicating
the correlation matrix of the remaining variables was appropri-
ate for factor analysis.35 Factor 1 included self-reported vari-
ables of pain (total pain, patient global assessment, TJC,
painDETECT, fibromyalgia criteria, and trapezius PPT) and
fatigue and mental health (PHQ-9 and GAD-7). Factor
2 included clinical and ultrasonographic measures of synovitis
(SJC, GS and PD on MSKUS, and physician global assess-
ment; Supplementary Table S6). The correlation between the
two factors was −0.13.

Table 1. Demographic and pain data*

Variable Value

Demographic (N = 61)
Age, mean ± SD (range), years 49.8 ± 15.4 (19–86)
Female sex, n (%) 35 (57)
Ethnicity, n (%)
White British 33 (54)
Black or Black British 11 (18)
Asian or Asian British 7 (12)
Other 10 (16)

Smoker, current or previous, n (%) 23 (38)
Unemployed, n (%) 9 (15)
BMI, mean (SD) 26.8 (5.7)

Diagnosis
EIA, n (%) 16 (26)
RA, n (%) 38 (62)
PsA, n (%) 6 (10)
SpA, n (%) 1 (2)
Seropositive: RF or CCP, n (%) 37 (61)
Time since diagnosis, mean (SD), months 1.2 (2.3)
Symptom duration, mean (SD), months 6.3 (3.1)
DAS28-CRP, mean (SD) 3.8 (1.0)
TJC-28, mean (SD) 6.5 (5.2)
SJC-28, mean (SD) 2.7 (2.5)

Steroid and DMARDs, n (%)
Steroids in some form at assessment 37 (61)
IM depomedrone in last 3 months 25 (41)
PO prednisolone in last 2 weeks 13 (21)
IV methylprednisolone 2 (3)
cDMARDs 36 (59)
Monotherapy 33 (54)
Combination therapy 3 (5)
Methotrexate 32 (52)

Quality of life, mean (SD)
MSK-HQ 29 (11)
EQ-5D 0.58 (0.28)
EQ-5D total health VAS 59 (22)
RAID 4.7 (2.6)

Mental health
GAD-7, mean (SD) 7.4 (6.0)
Anxiety total, score ≥5, n (%) 38 (62)
Mild anxiety, score 5–9, n (%) 21 (34)
Moderate anxiety, score 10–14, n (%) 7 (11)
Severe anxiety, score ≥15, n (%) 10 (16)
PHQ-9, mean (SD) 8.1 (6.4)
Depression total, score ≥5, n (%) 40 (66)
Mild depression, score 5–9, n (%) 17 (28)
Moderate depression, score 10–14, n (%) 13 (21)
Moderately severe depression,
score 15–19, n (%)

7 (11)

Severe depression, score ≥20, n (%) 3 (5)
PHQ-15, mean (SD) 9.0 (5.5)
Somatic symptoms total, score ≥5, n (%) 49 (80)
Mild somatic symptoms, score 5–9, n (%) 25 (40)
Moderate somatic symptoms,
score 10–14, n (%)

15 (24)

Severe somatic symptoms, score ≥15, n (%) 9 (15)
Pain, mean (SD)
Total body pain 5.5 (2.1)
Target joint pain 5.1 (2.5)

Widespread pain
WPI score, mean (SD) 5.6 (2.9)
WPI, score of ≥7, n (%) 19 (31)
Fibromyalgia, n (%) 13 (21)
TJC − SJC, score of >7, n (%) 12 (20)

(Continued)

Table 1. (Cont’d)

Variable Value

painDETECT
painDETECT, mean (SD) 12.7 (8.0)
Likely neuropathic-like pain,

score of ≥19, n (%)
15 (25)

Possible neuropathic-like pain,
score between 13 and 18, n (%)

9 (15)

Unlikely neuropathic-like pain,
score ≤12, n (%)

37 (61)

* Table showing patient demographics, diagnosis, and medication
alongside results of questionnaire data collected for quality of life,
mental health, fibromyalgia criteria, and painDETECT (N = 61). BMI,
bodymass index; CCP, cyclic citrullinated peptide; cDMARD, conven-
tional disease-modifying antirheumatic drug; DAS28-CRP, Disease
Activity Score in 28 joints using the C-reactive protein level; DMARD,
disease-modifying antirheumatic drug; EIA, early inflammatory
arthritis; EQ-5D, EuroQol 5-domain; GAD-7, Generalized Anxiety Dis-
order 7; IM, intramuscular; IV, intravenous; MSK-HQ, Musculoskele-
tal Health Questionnaire; PHQ, Patient Health Questionnaire; PO,
oral; PsA, psoriatic arthritis; RA, rheumatoid arthritis; RAID, Rheu-
matoid Arthritis Impact of Disease; RF, rheumatoid factor; SJC-28,
swollen joint count for 28 joints; SpA, spondylarthritis; TJC-28, ten-
der joint count for 28 joints; TJC − SJC, tender joint count minus swol-
len joint count; VAS, visual analog scale; WPI, Widespread Pain
Index.

Figure 1. Prevalence of anxiety (GAD 7), depression (PHQ9), and
somatic symptoms (PHQ15) in the study population (N = 61). GAD
7, Generalized Anxiety Disorder 7; PHQ, Patient Health Questionnaire.
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DISCUSSION

This study provides novel insights into the mechanisms
underlying pain reported by patients with early IA, as we compiled
comprehensive sensory profiles of individuals shortly after diagno-
sis. Consistent with newly diagnosed IA, 97% of patients had
active synovitis, confirming that peripheral inflammation is highly
prevalent at this stage and likely contributes to pain. However,
we also observed indicators of centrally mediated pain in approx-
imately 20% to 30% of patients who reported widespread pain,
fulfilled diagnostic criteria for fibromyalgia, and/or demonstrated
elevated painDETECT scores. QST findings further supported
the involvement of centrally mediated pain mechanisms. Reduced
PPTs at nonarticular sites in some patients suggested wide-
spread hyperalgesia, whereas heightened responses to TSP and
impaired CPM indicated dysfunction in spinal and supraspinal
processes. The regression analysis showed that inflammation
alone explained very little variance in total pain scores, and it was

centrally mediated pain factors that correlated more strongly with
clinical outcomes such as QoL and impact of disease. This sug-
gests that although inflammation may trigger nociceptive input,
other factors, including central mechanisms driven by, for exam-
ple, psychosocial factors, play a substantial role in shaping indi-
vidual pain experiences even early in the disease course. Overall,
these data challenge the longstanding assumption that only
peripheral mechanisms driven by joint inflammation underpin pain
at diagnosis. Instead, they suggest that some patients with early
IA have both inflammatory and centrally mediated pain, similar to
patients with established IA.5,6,14

Our cohort’s clinical disease activity measures and average
pain score of 5.5 of 10 aligns with findings reported in other early
IA cohorts,36 as do the comparably high rates of anxiety and/or
depression.37 Although pain mechanisms in early IA remain rela-
tively unexplored, our findings revealed that 21% of patients met
the criteria for fibromyalgia. Some of these cases may represent
individuals with underlying primary fibromyalgia. However, this fig-
ure is much higher than the estimated prevalence of 1.78% in the
general population.38 In addition, the mean symptom duration of
six months would allow sufficient time for, for example, centrally
mediated pain to develop in response to peripheral nociceptive
input. It also exceeds the 5.2% prevalence reported in one Cana-
dian study.39 This may reflect methodologic differences, with the
Canadian study relying on clinical judgment rather than strict
fibromyalgia diagnostic criteria or the Canadian cohort having a
more inflammatory profile than ours or other early IA cohorts.40,41

Table 2. GS and PD activity on musculoskeletal ultrasonography of
the target most painful joint*

GS score n (%) PD score n (%)

GS 0 24 (39) PD 0 39 (64)
GS 1 16 (26) PD 1 5 (8)
GS 2 18 (30) PD 2 11 (18)
GS 3 3 (5) PD 3 6 (10)

* n (%) values of patients with each score at the target joint. GS, gray
scale; PD, power Doppler.

Figure 2. Graphs showing results from static QST. (A) Z score for the study population MDT and MPT at test (target joint) and control sites (con-
tralateral forearm) (n = 61). The QST Z score chart illustrates the trend of sensory change in which positive Z scores suggest increased sensory
capability (ie, hypersensitivity), whereas negative scores point to diminished sensory ability (ie, hyposensitivity). There is no significant difference
in the MDT or MPT compared to normative data, reflected by Z scores <1.96. (B) Z score for PPT at each site (n = 60). As a group, participants
showed significantly increased sensitivity at all sites, except the right trapezius (mean PPT at target joint 3.8 [SD 3.0], left wrist 2.9 [SD 3.1], right
wrist 2.9 [SD 2.5], left trapezius 2.1 [SD 2.5], right trapezius 1.7 [SD 2.4]). Sensitivity was significantly greater at the target joint than at the left
(P = 0.007) and right trapezius (P = 0.000). L, left; MDT, mechanical detection threshold; MPT, mechanical pain threshold; PPT, pressure pain
threshold; QST, quantitative sensory testing; R, right.
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In addition, symptoms of very active early IA, such as widespread
pain, fatigue, and unrefreshing sleep, overlaps with fibromyalgia
criteria, potentially resulting in a “false” fibromyalgia diagnosis.
However, the lack of correlation between WPI/fibromyalgia sever-
ity and peripheral inflammation markers suggests that the
observed widespread pain may be driven by mechanisms other
than joint inflammation.

We observed reduced PPT values at the affected joint in
most patients, indicating local pain sensitization, likely due to joint
inflammation, in this early arthritis cohort. In addition, we found
lowered PPT values at nonarticular sites, indicative of widespread
pain, in some patients. These findings are in keeping with those
from a recent meta-analysis of patients with established IA14 but
are the first to identify such reductions in PPT at nonarticular sites
specifically in the context of early IA, highlighting the presence of
widespread pain sensitivity in some patients early in the disease
course. Factor analysis revealed close links between reduced
PPT at nonarticular sites and self-reported pain, fatigue, and poor

mental health, which are often associated with centrally mediated
pain. The lack of interaction with dynamic QST (TSP or CPM)
measures suggests that reduced PPT at nonarticular sites may
be the most robust QST indication of centrally mediated pain in
this patient population. Although the analysis was used primarily
as a data reduction technique rather than to identify a replicable
latent structure, it was conducted on a relatively small sample.
This limits the stability and generalizability of the resulting factor
structure.

Eighteen percent of participants demonstrated facilitated
TSP, in which a TSP paradigm with the cuff algometer was used
as a repetitive stimulus, indicating spinal mechanisms contribut-
ing to heightened pain. However, when pinpricks were used as
the repetitive stimulus, facilitated TSP was not observed, con-
trasting with findings from a study that also used pinpricks in
patients with established IA.42 This difference in findings could
be attributed to characteristics specific to our study
population—ours was a recently diagnosed patient cohort with

Figure 3. Graphs showing results from dynamic QST. (A) Individual values for the TSP using cuff (n = 51). Nine of fifty-one (18%) fulfilled the cri-
teria for facilitated TSP, with a ratio of >2.48. (B) Z score for the study population TSP using pinpricks (n = 51). There was no significant difference in
TSP using pinpricks compared to normative data, reflected by Z scores <1.96. (C) Graph showing individual values of crude CPM effect
(PDT/PTT(CPM) − PDT/PTT(Dom)) for PDT and PTT (n = 57). (D) Graph showing individual values of CPM effect as a percentage of baseline for
PDT and PTT. Participants were stratified as responders (CPM response >20% of the baseline cPPT) or nonresponders (CPM response ≤20%
of baseline cPPT) (n = 57). According to PDT and PTT, 35 of 57 (61%) and 44 of 57 (77%), respectively, were nonresponders. CPM, conditioned
pain modulation; cPPT, cuff pressure pain threshold; Dom, Dominant leg; PDT, pain detection threshold; PTT, pain tolerance threshold; QST,
quantitative sensory testing; TSP, temporal summation of pain.
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IA—or, alternatively, due to methodologic protocols. For example,
the initial pinprick force may not have been sufficiently noxious, or
the initial pinprick rating may have been too high, creating a ceiling
effect on subsequent pain ratings. When applying a CPM para-
digm, 61% and 77% of the participants exhibited a “nonre-
sponder status,” according to pain detection threshold and pain
tolerance threshold, respectively, indicating dysfunction in a natu-
rally occurring pain inhibitory pathway. Although data are lacking
to compare the proportion of nonresponders with healthy
controls,29 our cohort’s mean CPM effect for pain detection
threshold was 2.4, below that found in healthy populations, in
which the mean CPM effect for pain detection threshold ranges30

from 5.3 to 11.5.
This study has several strengths. The in-depth sensory profil-

ing allowed us to create a comprehensive profile, combining mea-
sures of pain sensitivity and centrally mediated pain-processing
mechanisms and ultrasonography as an objective measure of
joint inflammation. All assessments were performed by a single
researcher, ensuring consistency and minimizing interrater vari-
ability. We attempted early assessment of patients soon after their
diagnosis, which was usually achieved, enabling insights into
what is driving pain in the very early stages of IA soon after
diagnosis.

The study also has limitations. One key limitation is that there
is currently no gold standard comprehensive method for assess-
ing centrally mediated pain. As a result, instruments such as
questionnaires and QST, which have been validated individually,
are combined. However, these instruments are frequently not
standardized or validated in comparison to each other. For exam-
ple, although used in the literature as a proxy measure of centrally
mediated pain, there is currently limited data linking “likely neuro-
pathic pain” identified by painDETECT to QST findings in IA.43

Furthermore, as PPT normative data for the wrist and trapezius
were not available, data from the thenar eminence (a potentially
more sensitive site) were used for comparison. Because PPT var-
ies by anatomic site, this may have led to systematically inflated Z
scores at the wrist and trapezius and could partly explain the high
proportion of participants showing sensitivity. Alternatively, it is
possible that PPT is a more sensitive measure of pain processing
than PROMs.

Another important consideration is that the enrollment cri-
teria specified pain levels of ≥3. This threshold was chosen to
align with the study’s aim of exploring pain mechanisms in early
IA. However, these criteria may limit the generalizability of results
to those people in at least moderate pain, and it is likely that, in
the absence of this threshold, the proportion of participants meet-
ing criteria for centrally mediated pain would be lower. Addition-
ally, given the relatively short time since diagnosis, it is possible
that some participants would not go on to develop chronic IA,
which would limit the generalizability of the results. At the time of
study assessment, most patients had already received therapy,
and although we captured patients within a short time post

diagnosis, most individuals had pain in the period before diagno-
sis, and so in some individuals, central nervous system dysfunc-
tion may have predated joint inflammation. It has been
postulated that a preloading psychological vulnerability to pain
may contribute to the development of persistent noninflammatory
pain. An alternative explanation is that this could also be influ-
enced by subclinical joint pathology. We will follow this group with
longitudinal investigations aimed at identifying evolution of pain
mechanisms over time and possible signals for those who might
develop persistent noninflammatory pain.

These findings emphasize that pain in early IA is complex
and, in some people, includes centrally mediated pain mecha-
nisms, highlighting the need for awareness of these factors in
early IA populations. Future longitudinal studies are essential to
track the evolution of pain mechanisms over time and identify pre-
dictors of persistent pain, which may inform early interventions
targeting central pain processes.

ACKNOWLEDGMENT

We thank Professor Thomas Graven Nielson for his invaluable
advice and support in training and interpretation of cuff algometer data
throughout the project.

AUTHOR CONTRIBUTIONS
All authors contributed to at least one of the following manuscript

preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Rutter-Locher confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Svensson B, Forslind K, AnderssonM. Unacceptable pain in the BAR-
FOT inception cohort of patients with rheumatoid arthritis: a long-term
study. Scand J Rheumatol 2020;9(5):371–378.

2. Vergne-Salle P, Pouplin S, Trouvin AP, et al. The burden of pain in
rheumatoid arthritis: impact of disease activity and psychological fac-
tors. Eur J Pain 2020;24(10):1979–1989.

3. Michaud K, Pope J, van de Laar M, et al. Systematic literature review
of residual symptoms and an unmet need in patients with rheumatoid
arthritis. Arthritis Care Res (Hoboken) 2021;73(11):1606–1616.

4. Conaghan PG, Alten R, Deodhar A, et al. Relationship of pain and
fatigue with health-related quality of life and work in patients with pso-
riatic arthritis on TNFi: results of a multi-national real-world study. RMD
Open 2020;6(2):6.

5. Chaabo K, Chan E, Garrood T, et al. Pain sensitisation and joint
inflammation in patients with active rheumatoid arthritis. RMD Open
2024;10(1):e003784.

6. Rutter-Locher Z, Arumalla N, Norton S, et al. A systematic review and
meta-analysis of questionnaires to screen for pain sensitisation
and neuropathic-like pain in inflammatory arthritis. Semin Arthritis
Rheum 2023;61:152207.

RUTTER-LOCHER ET AL162



7. Walsh DA, McWilliams DF. Mechanisms, impact and management of
pain in rheumatoid arthritis. Nat Rev Rheumatol 2014;10(10):
581–592.

8. Iyer P, Lee YC. Why it hurts: the mechanisms of pain in rheumatoid
arthritis. Rheum Dis Clin North Am 2021;47(2):229–244.

9. Zhang A, Lee YC. Mechanisms for joint pain in rheumatoid arthritis
(RA): from cytokines to central sensitization. Curr Osteoporos Rep
2018;16(5):603–610.

10. Lee YC, Nassikas NJ, Clauw DJ. The role of the central nervous sys-
tem in the generation and maintenance of chronic pain in rheumatoid
arthritis, osteoarthritis and fibromyalgia. Arthritis Res Ther 2011;
13(2):211.

11. Lee YC, Lu B, Edwards RR, et al. The role of sleep problems in central
pain processing in rheumatoid arthritis. Arthritis Rheum 2013;65(1):
59–68.

12. Arant KR, Katz JN, Neogi T. Quantitative sensory testing: identifying
pain characteristics in patients with osteoarthritis. Osteoarthritis Carti-
lage 2022;30(1):17–31.

13. Meeus M, Vervisch S, De Clerck LS, et al. Central sensitization in
patients with rheumatoid arthritis: a systematic literature review.
Semin Arthritis Rheum 2012;41(4):556–567.

14. Trouvin AP, Attal N, Perrot S. Assessing central sensitization with
quantitative sensory testing in inflammatory rheumatic diseases: a
systematic review. Joint Bone Spine 2022;89(5):105399.

15. Rabin R, de Charro F. EQ-5D: a measure of health status from the
EuroQol Group. Ann Med 2001;33(5):337–343.

16. Gossec L, Paternotte S, Aanerud GJ, et al. Finalisation and validation
of the rheumatoid arthritis impact of disease score, a patient-derived
composite measure of impact of rheumatoid arthritis: a EULAR initia-
tive. Ann Rheum Dis 2011;70(6):935–942.

17. Kroenke K, Spitzer RL, Williams JBW. The PHQ-15: validity of a new
measure for evaluating the severity of somatic symptoms. Psycho-
som Med 2002;64(2):258–266.

18. Kroenke K, Spitzer RL, Williams JBW. The PHQ-9: validity of a brief
depression severity measure. J Gen Intern Med 2001;16(9):606–613.

19. Spitzer RL, Kroenke K, Williams JBW, et al. A brief measure for
assessing generalized anxiety disorder: the GAD-7. Arch Intern Med
2006;166(10):1092–1097.

20. Wolfe F, Clauw DJ, Fitzcharles MA, et al. 2016 revisions to the
2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum
2016;46(3):319–329.

21. Freynhagen R, Baron R, Gockel U, et al. painDETECT: a new screen-
ing questionnaire to identify neuropathic components in patients with
back pain. Curr Med Res Opin 2006;22(10):1911–1920.

22. Ahmed S, Magan T, Vargas M, et al. Patient reported pain by the pain-
detect questionnaire reveals multimodal elements to pain perception
in rheumatoid arthritis [abstract]. Arthritis Rheumatol 2014;66(suppl
10):S1297.

23. Rifbjerg-Madsen S, Christensen AW, Boesen M, et al. The course of
pain hypersensitivity according to painDETECT in patients with rheu-
matoid arthritis initiating treatment: results from the prospective
FRAME-cohort study. Arthritis Res Ther 2018;20(1):105.

24. Rifbjerg-Madsen S, Christensen AW, Christensen R, et al. Pain and
pain mechanisms in patients with inflammatory arthritis: a Danish
nationwide cross-sectional DANBIO registry survey. PLoS One
2017;12(7):e0180014.

25. D’Agostino MA, Terslev L, Aegerter P, et al. Scoring ultrasound syno-
vitis in rheumatoid arthritis: a EULAR-OMERACT ultrasound
taskforce-part 1: definition and development of a standardised,
consensus-based scoring system. RMD Open 2017;3(1):e000428.

26. Rolke R, Magerl W, Campbell KA, et al. Quantitative sensory testing: a
comprehensive protocol for clinical trials. Eur J Pain 2006;10(1):
77–88.

27. Magerl W, Krumova EK, Baron R, et al. Reference data for quantitative
sensory testing (QST): refined stratification for age and a novel
method for statistical comparison of group data. Pain 2010;151(3):
598–605.

28. Graven-Nielsen T, Arendt-Nielsen L. Assessment of mechanisms in
localized and widespread musculoskeletal pain. Nat Rev Rheumatol
2010;6(10):599–606.

29. Vaegter HB, Graven-Nielsen T. Pain modulatory phenotypes differen-
tiate subgroups with different clinical and experimental pain sensitivity.
Pain 2016;157(7):1480–1488.

30. Graven-Nielsen T, Izumi M, Petersen KK, et al. User-independent
assessment of conditioning pain modulation by cuff pressure algome-
try. Eur J Pain 2017;21(3):552–561.

31. Vollert J, Maier C, Attal N, et al. Stratifying patients with peripheral
neuropathic pain based on sensory profiles: algorithm and sample
size recommendations. Pain 2017;158(8):1446–1455.

32. Rolke R, Baron R, Maier C, et al. Quantitative sensory testing in the
German Research Network on Neuropathic Pain (DFNS): standard-
ized protocol and reference values. Pain 2006;123(3):231–243.

33. Norton S, Ellis B, Santana Su�arez B, et al. Validation of the Musculo-
skeletal Health Questionnaire in inflammatory arthritis: a psychometric
evaluation. Rheumatology (Oxford) 2019;58(1):45–51.

34. Pollard LC, Ibrahim F, Choy EH, et al. Pain thresholds in rheumatoid
arthritis: the effect of tender point counts and disease duration.
J Rheumatol 2012;39(1):28–31.

35. Tabachnick BG, Fidell, LS. Using Multivariate Statistics. 4th ed. Allyn &
Bacon; 2001.

36. Altawil R, Saevarsdottir S, Wedrén S, et al. Remaining pain in early
rheumatoid arthritis patients treated with methotrexate. Arthritis Care
Res (Hoboken) 2016;68(8):1061–1068.

37. Fragoulis GE, Cavanagh J, Tindell A, et al. Depression and anxiety in
an early rheumatoid arthritis inception cohort. Associations with
demographic, socioeconomic and disease features. RMD Open
2020;6(3):e001376.

38. Heidari F, Afshari M, Moosazadeh M. Prevalence of fibromyalgia in
general population and patients, a systematic review and meta-analy-
sis. Rheumatol Int 2017;37(9):1527–1539.

39. Lee YC, Lu B, Boire G, et al. Incidence and predictors of secondary
fibromyalgia in an early arthritis cohort. Ann Rheum Dis 2013;72(6):
949–954.

40. Yates M, Ledingham JM, Hatcher PA, et al. Disease activity and its
predictors in early inflammatory arthritis: findings from a national
cohort. Rheumatology (Oxford) 2021;60(10):4811–4820.

41. Zhao L, Galloway J, Ledingham J, et al. Psychological distress over
12 months post-diagnosis in an early inflammatory arthritis cohort.
Rheumatology (Oxford) 2025;64(5):2469–2478.

42. Lee YC, BinghamCO III, Edwards RR, et al. Association between pain
sensitization and disease activity in patients with rheumatoid arthritis:
a cross-sectional study. Arthritis Care Res (Hoboken) 2018;70(2):
197–204.

43. Rifbjerg-Madsen S, Wæhrens EE, Danneskiold-Samsøe B, et al. Psy-
chometric properties of the painDETECT questionnaire in rheumatoid
arthritis, psoriatic arthritis and spondyloarthritis: rasch analysis and
test-retest reliability. Health Qual Life Outcomes 2017;15(1):110.

PAIN TYPES IN EARLY INFLAMMATORY ARTHRITIS 163



L E T T E R

DOI 10.1002/acr.25559

Key considerations for acetaminophen safety in older
adults with osteoarthritis: comment on the article
by Kaur et al

To the Editor:
We read with great interest the article related to acetaminophen

and its potential side effects in older adults.1 However, there are
some points to take into consideration.

First, there is a higher prevalence of comorbid conditions in
individuals with osteoarthritis (OA). A meta-analysis by Swain
et al2 reported that 67% (95% confidence interval [CI] 57–74) of
individuals with OA had at least one comorbidity, compared to
56% (95% CI 44–68) of those without OA. Among the most com-
mon chronic conditions in patients with OA, hypertension (HTN)
was present in 50%, cardiovascular disease (CVD) was present
in 35%, peptic ulcer disease was present in 16%, and diabetes
was present in 14%. Moreover, Hall et al3 identified that individ-
uals with OA are twice as likely to develop CVD. Therefore,
despite excluding patients from the study with diagnosed condi-
tions, subclinical cases may persist and bias the study’s
conclusions.1

Secondly, although acetaminophen is not contraindicated in
patients with OA with HTN, there are conflicting data on its effect
on CVD. Fulton et al4 conducted a study including 10,878 hyper-
tensive individuals exposed to acetaminophen during a 10-year
period. There was no relationship between risk of myocardial
infarction (hazard ratio [HR] 0.98; 95% CI 0.76–1.27) or any
cardiovascular event (HR1.17; 95%CI 0.99–1.37) and acetamino-
phen exposure. However, Roberts et al5 revealed an increased risk
ratio for all cardiovascular adverse events, ranging from 1.19 (95%
CI 0.81–1.75) to 1.68 (95%CI 1.10–2.57). They additionally identi-
fied an increasing odds ratio for a ≥30% decline in the estimated
glomerular filtration rate, ranging from 1.40 (95% CI 0.79–2.48) to
2.19 (95% CI 1.40–3.43). In summary, despite potential bias, the
dose–response trend suggests significant paracetamol toxicity,
especially at high doses. This risk is greater in older adults because
of age-related metabolic changes, warranting a lower maximum
daily dose of 2 to 3 g.

Lastly, both acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs) are widely accessible as over-
the-counter pain medications. This easy access may lead to
exposure misclassification by not taking into consideration self-
medication. In fact, Cavagna et al found that among 506 patients
with OA observed for nine months, 240 (47%) used additional

NSAIDs, either prescribed or self-administered. About 20%
cited incomplete pain control.6 Therefore, future studies should
incorporate pharmacy data or self-reported medication use to
improve accuracy.
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Reply

To the Editor:
We thank Gallardo-Landauro et al for their interest in this

study. We conducted a retrospective cohort study and reported
that acetaminophen prescription was associated with a
significantly higher risk of gastrointestinal, cardiovascular, and
renal adverse effects in adults aged ≥65 years. We acknowledge
the concerns raised by Gallardo-Landauro et al regarding the
potential bias introduced by “subclinical cases.” To paraphrase
Gallardo-Landauro et al, we presume by this that they mean
people with an outcome that is at a mild and/or early phase and
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without a diagnosis recorded. To minimize any issues from

reverse causality, we used landmark analysis, inverse probability

treatment weighting, and propensity score matching to balance

the acetaminophen-exposed and unexposed groups, incorporat-

ing multiple covariates.1 However, as mentioned in the limitations,

residual confounding remains an issue.
We acknowledge that some studies find no strong link

between acetaminophen and cardiovascular risks, whereas
others2–4 suggest potential harm at high doses, as already
mentioned in the original article.1 We had already covered in
the study that over-the-counter (OTC) medications play a cru-
cial role in self-care, but their use is often not recorded in
electronic health records, posing a challenge in studies like
this. To minimize this limitation, our study1 focused on individ-
uals aged ≥65 years who were less likely to purchase acet-
aminophen independently because of free prescriptions in
this age group. However, OTC use may still have affected
both exposure and nonexposure groups, likely leading to an
underestimation rather than an overestimation of the hazard
ratio.
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Concerns regarding pentraxin-3 specificity and receiver
operating characteristic curve interpretation in the
study on endothelial biomarkers of systemic
sclerosis–associated pulmonary hypertension:
comment on the article by Lammi et al

To the Editor:
We read with great interest the recent article by Lammi et al

on endothelial biomarkers in systemic sclerosis–associated pul-
monary hypertension (SSc-PH).1 The effort to refine noninvasive
risk stratification in SSc-PH is commendable, especially the focus
on pentraxin-3 (PTX-3) as a potential discriminative biomarker.
However, we wish to raise several concerns regarding the inter-
pretation of their findings and the article overall.

Firstly, although the title suggests a biomarker discovery
study, it does not clarify the actual study design, intent, or clinical
setting. Additionally, the stated objective in the abstract and intro-
duction is loosely defined, and the role of individual biomarkers is
not clearly delineated. Neither asymmetric dimethylarginine nor
soluble endoglin showed meaningful discriminatory value across
groups, and there was no correlation among the three endothelial
biomarkers. This weakens the rationale for presenting them as a
unified “endothelial panel” and raises questions about the primary
focus of the analysis. Also, the cohort of interest was selected
based on patients who had blood samples collected (the group
more likely to have PH), and right-sided heart catheterization
was not performed in all high-risk patients. Although the authors
acknowledge a few of these limitations, the results may not apply
to broader community-based or early SSc populations.

Secondly, the internal biologic consistency of PTX-3 behav-
ior across the study groups raises concern. The study reports
higher PTX-3 values in healthy controls (median �77 pg/mL),
patients at a high risk of SSc (median �68 pg/mL), and patients
with SSc-PH (median �83.5 pg/mL) yet strikingly low levels in
the low-risk SSc group (median 27 pg/mL). This is counterintuitive
because PTX-3 is an acute-phase reactant, and levels are gener-
ally elevated in inflammatory and vascular disease states. It is dif-
ficult to explain why patients with SSc (a known vasculopathic
condition), even at low risk for PH, would have lower PTX-3 levels
than healthy individuals, unless influenced by sampling or techni-
cal artifacts. Although the authors speculate that lower PTX-3
levels may reflect improved endothelial regenerative capacity, this
remains speculative and lacks supportive functional evidence.
Prior studies have consistently shown elevated PTX-3 levels in
SSc-PH and other vascular disease states.2 Although the authors
report a statistically significant difference in PTX-3 levels between
low- and high-risk groups, the interquartile ranges (IQRs) show
near overlap, casting doubt on the clinical relevance of this differ-
ence. This raises doubts about the real-world utility of PTX-3 as
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a standalone discriminator, considering the small sample size in
the low-risk group.

Also, the authors propose that a PTX-3 cutoff of 51.5 pg/mL
yields “100% specificity” for identifying patients with SSc at low risk
for PH. However, their own data report an IQR of 48.5 to 104.5
pg/mL for the high-risk group, indicating that the proposed cutoff
lies within the IQR of high-risk individuals. This directly challenges
the assertion of perfect specificity and raises concerns about mis-
classification risk. The authors do not report whether this threshold
was derived using an objective method such as the Youden index,
nor do they provide a table of sensitivity and specificity values for
alternate cutoffs. Moreover, this conclusion is based on a small sam-
ple size (n = 10) in the low-risk group, which renders the receiver
operating characteristic curve–derived specificity statistically unsta-
ble and potentially nongeneralizable.3 So even if none of them had
a PTX-3 value above 51.5 pg/mL and this produces an apparent
100% specificity (10 of 10), such a value derived from such a small
subgroup is statistically fragile and prone to overestimation.

Lastly, the lack of a validation cohort further limits the robust-
ness of the conclusions, particularly in light of these inconsistencies.
Although the authorsmention the small sample size and lack of a val-
idation cohort in their discussion on limitations, they do also mention
that they were able to stratify the patients based on their risk profile
for PH as their merit. We agree that PTX-3 warrants further explora-
tion as a biomarker in SSc-PH but urge caution in interpreting these
findings. Larger prospectively validated cohorts are essential to clar-
ify the diagnostic and prognostic utility of PTX-3 in this.
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10.1002/acr.25586.
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Reply

To the Editor:
We thank Drs Kumar and Mahadevan for their interest

in our publication “Endothelial biomarkers of systemic

sclerosis–associated pulmonary hypertension.”1 They raise
some important questions about our study methodology and
interpretation, and we appreciate the ability to address them
in turn. Drs Kumar and Mahadevan are correct that right-sided
heart catheterization was not performed in all patients with
systemic sclerosis (SSc) with high risk for pulmonary hyperten-
sion (PH) features, which may have led to a misclassification of
study patients. Unfortunately, this was a consequence of the
Pulmonary Hypertension Assessment and Recognitions of
Outcomes in Scleroderma (PHAROS) registry protocol, but
we do not believe that this is likely to have significantly affected
the biomarker results because there were no suggestions of
difference in pentraxin-3 (PTX-3), soluble endoglin, or asym-
metric dimethylarginine levels between patients with SSc-PH
and the patients with SSc with high risk for PH. There were
notable differences between patients in PHAROS who had
blood samples collected and the patients without available
blood samples, which we clearly outline in Supplemental
Table 1. In reviewing our data for accuracy, we discovered an
error in the data analysis of PH status stratified by availability
of blood samples. There was no significant difference in PH
status based on whether patients did or did not have blood
samples available for analysis (P = 0.08; blood sample avail-
able: high risk for PH n = 44 [37%], PH n = 74 [63%]; blood
sample not available: high risk for PH n = 203 [47%], PH n =
229 [53%]). This has been updated in the Supplementary
Materials available online.

Drs Kumar and Mahadevan describe our finding that
PTX-3 levels were lowest in the low risk for PH group, even
lower than those in healthy controls, as being counterintuitive.
We fully agree with this assessment and stated that our
hypothesis was that the endothelial biomarkers (eg, PTX-3)
would be higher in patients with high risk for PH compared to
patients with low risk for PH. However, the statistical testing
suggests that this difference is unlikely to be due to chance
alone. Regarding the method for selecting the reported PTX-3
cutoff of 51.5 pg/mL, this is the cutoff that yielded the highest
Youden index of 0.68, which describes the value of the bio-
marker with the highest combination of sensitivity and specificity.
We refer the interested reader to Supplemental Table 2 of our
original article for alternative PTX-3 cutoffs with their associated
sensitivities and specificities. Drs Kumar and Mahadevan
describe our posited explanation for the lower values of PTX-3
seen in patients with low risk for SSc as speculative, which is
the same phrase that we used in our Discussion to describe this
potential mechanism. We also discussed the fact that our find-
ings differ from prior reports of elevated PTX-3 levels in patients
with SSc with PH,2 but without careful characterization of the risk
profile contained within the “non-PH” group, findings such as this
may have been missed. We would also like to highlight that
PTX-3 levels were higher in patients with SSc with precapillary
PH compared to those with postcapillary PH, further suggesting
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that differences may exist within the spectrum of SSc and its
associated pulmonary vascular disease. Lastly, we agree that
our findings are limited due to the lack of a validation cohort,
which is why we called for replication within a larger SSc cohort
in our conclusions. We hope that our study will help stimulate fur-
ther research into PTX-3 as a possible biomarker of SSc
phenotypes.
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Risk of hepatotoxicity in use of febuxostat or
benzbromarone: comment on the article by Sun et al

To the Editor:
Sun et al1 recently reported a significantly increased risk of

hepatotoxicity in febuxostat users compared with benzbromar-
one users among patients with gout (39.6 vs 16.8 events per
1,000 person-years; adjusted hazard ratio 2.75; 95% confi-
dence interval [CI] 1.28–5.91).1 Their findings are notable
because they use Common Terminology Criteria for Adverse
Events (CTCAE) v5.0 to define hepatotoxicity, highlighting not
just biochemical elevations but clinically relevant thresholds. In
contrast, the meta-analysis by Wu et al,2 which included stud-
ies from Chinese and Japanese populations, found no signifi-
cant difference in hepatic or renal safety between febuxostat
and benzbromarone but relied primarily on mean alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)

values without applying CTCAE-based grading. Sun et al used
a more detailed and clinically relevant grading system to
assess hepatotoxicity severity. In contrast, Wu et al focused
on average enzyme levels to compare liver safety between
febuxostat and benzbromarone. Using mean values can mask
the presence of severe cases of hepatotoxicity because it
averages out the enzyme levels, potentially diluting the impact
of high values seen in some patients. That is, high enzyme
levels in some patients might be less noticeable because they
are combined with lower levels from other patients, resulting
in an average that does not fully reflect the severity of the high
values. Therefore, although the study by Wu et al provides a
general overview of liver enzyme levels, it does not capture
the clinical significance or severity of liver damage as effectively
as the CTCAE grading system used by Sun et al.

These divergent conclusions reflect differences in out-
come definitions, study designs, and, possibly, underlying
comorbidity patterns. For example, the study by Sun et al
may have included a higher prevalence of patients with
metabolic syndrome and chronic viral hepatitis,1 both of
which increase susceptibility to liver injury. Additionally,
febuxostat was associated with more ALT and AST eleva-
tions.1 Wu et al demonstrated that benzbromarone led to
a modest but statistically significant reduction in serum uric
acid levels compared to febuxostat, with a weighted mean
difference of -0.60 mg/dL (95% CI -1.09 to -0.12).2

However, the clinical relevance of this small average differ-
ence may be limited. This highlights that statistical signifi-
cance does not always equate to clinical impact,
especially when the difference (-0.60 mg/dL) may not be
substantial enough to justify choosing one drug over the
other based solely on efficacy.

Although concerns over hepatotoxicity led to benzbromar-
one’s withdrawal from many markets in the early 2000s—after
case reports such as that by van der Klauw et al3—later reviews
questioned whether this decision was justified.4 In particular,
benzbromarone remains in use not only in Taiwan and Japan
but also in countries across Latin America, the Middle East, and
parts of Europe and Africa.5 Benzbromarone’s continued clinical
use—particularly in patients with urate underexcretion—suggests
a favorable benefit–risk profile when appropriately selected and
monitored. Furthermore, recent observational data have associ-
ated benzbromarone use with a lower risk of developing chronic
kidney disease compared to allopurinol among adults with
asymptomatic hyperuricemia, reinforcing its nephroprotective
potential in real-world settings.6

Based on current data, benzbromarone may be considered
superior in urate-lowering efficacy and remains a valuable thera-
peutic option for patients in whom effective serum uric acid reduc-
tion is the primary goal. Febuxostat remains important where
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access to benzbromarone is limited or contraindicated.
A re-evaluation of the safety profiles of both febuxostat and benz-
bromarone in future research may support broader access and
more individualized treatment strategies.
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10.1002/acr.25587.
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Reply

To the Editor:
We thank Drs Lai and Liao for their thoughts on the safety-

risk profile of benzbromarone and febuxostat. As demonstrated
in our study,1 febuxostat was more likely to cause mild-
to-moderate perturbation of liver function in patients with gout
than benzbromarone, which was consistent with prior findings.2

Notably, severe hepatotoxicity remains rare with either benzbro-
marone or febuxostat in clinical practice. Additional results on ala-
nine aminotransferase (ALT) or aspartate aminotransferase (AST)
fluctuation trends by a generalized additive mixed model further
indicated that no statistically significant differences between those
started on febuxostat and those started on benzbromarone

(Figure 1). Although some randomized controlled trials routinely
document ALT and AST during treatment, Common Terminology
Criteria for Adverse Events grading for adverse events or more
severe episodes was usually omitted. Therefore, as Drs Lai and
Liao pointed out, adopting clinically relevant thresholds for out-
come assessment may prove crucial.

Liver function abnormalities occur in 20% to 40% of patients
with gout, which was similar in our cohort (�31%). Pre-existing
liver disease requires one to be more cautious when choosing
between urate-lowering drugs. Our analysis identified baseline
elevated ALT and AST levels as independent risk factors for
drug-induced hepatotoxicity in both those started on febuxostat
and those started on benzbromarone. This aligns with some
guidelines3 recommending monitoring liver function during urate-
lowering therapy (ULT).

Furthermore, according to Lai et al, the incidence rate of chronic
kidney disease (CKD) was lower in the benzbromarone group than in
the allopurinol group in persons with asymptomatic hyperuricemia.4

Potential renal advantages of benzbromarone could be attributable
to its uricosuric mechanism preserving renal tubular function.
Recently, a post hoc analysis of the CARES trial demonstrated that
ULT with either allopurinol or febuxostat delays CKD progression.5

A well-designed study comparing the renal outcomes of benzbro-
marone versus febuxostat in people with gout is warranted.

Benzbromarone marketing remains markedly restricted
geographically because of uncommon but potentially lethal, mito-
chondrial damage-mediated hepatotoxicity.6 Hepatic safety, par-
ticularly in those with pre-existing liver disease, is an important
consideration in prescribing either of these medications. Certain
identifiable susceptibility factors for hepatotoxicity can help in
designing benzbromarone analogues with potential safety advan-
tages. Significantly, the current drug development pipeline of
effective, uricosuric benzbromarone analogues with highly potent
urate-lowering activity and drug design features to eliminate risk
of severe hepatotoxicity should be beneficial in the long run.
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Febuxostat use is associated with a significantly
greater risk of mild to moderate perturbation of liver
function compared to benzbromarone in patients with
gout: comment on the article by Sun et al

To the Editor:
We read with interest the recent publication by Sun and col-

leagues on the risk of hepatotoxicity in patients with gout treated
with febuxostat or benzbromarone.1 The authors concluded that
febuxostat use is associated with a significantly greater risk of mild
to moderate perturbation of liver function compared to benzbro-
marone in patients with gout.1 We support and appreciate the
authors’ work and agree with their conclusions but have some
concerns about some of the details in the article.

First, there is insufficient detail regarding the liver function
status at baseline. The study only recorded alanine transaminase
and aspartate transferase levels at baseline but did not conduct
a comprehensive assessment of liver function, such as liver ultra-
sound or elastography.1 These tests could provide more detailed
information on liver structure and function, helping to more accu-
rately assess the baseline liver function status of the patients.
Furthermore, the study did not provide a detailed classification of
patients with chronic liver disease, such as distinguishing
between fatty liver, hepatitis, cirrhosis, and other types. The liver
toxicity risks in these patients with different types of liver disease
may vary, and the lack of detailed classification may affect the
accurate assessment of liver toxicity risk.

Second, lifestyle factors (such as alcohol consumption,
smoking, and exercise habits) could significantly impact liver func-
tion. For example, alcohol consumption is a known hepatotoxic
factor and may interact with the hepatotoxicity of drugs.2,3 How-
ever, the study did not record the frequency, amount, or type of
alcohol consumed by the patients in detail, making it impossible
to assess the impact of these factors on liver toxicity.1 Dietary
habits (such as high-fat or high-purine diets) could also influence
liver function and drug metabolism. For example, a high-fat diet
may lead to fatty liver, increasing the risk of drug-induced liver
injury. The study did not provide a detailed assessment of the
patient’s dietary habits, and thus the potential influence of these
factors on the study results cannot be ruled out.

Figure 1. Changes in AST and ALT levels over time in the febuxostat group and benzbromarone group. ALT, alanine aminotransferase; AST,
aspartate aminotransferase.
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Third, the inconsistency in follow-up time may be one of the
overlooked limitations of this study. The average follow-up time for
the febuxostat group (1.34 years) was longer than that for the benz-
bromarone group (1.09 years), and this discrepancy in follow-up time
could influence the comparison of results.1 For example, a longer
follow-up time may result in more liver toxicity events being observed,
potentially overestimating the liver toxicity risk of febuxostat.

Fourth, although this study used propensity score matching
and inverse probability of treatment weighting to control for
potential confounding factors, these methods may not completely
eliminate the effects of all confounders.1 For instance, the study
did not consider other medications that patients may have been
taking concurrently (such as acetaminophen, antibiotics, etc) that
could also impact liver function.

Finally, the metabolism and clearance processes of febuxostat
and benzbromarone may vary because of individual differences.1

For example, some patients may experience differences in the meta-
bolic rate and clearance efficiency of the drugs because of genetic
factors or variations in liver and kidney function, which could affect
liver toxicity risk. However, the study did not conduct dynamic mon-
itoring of drugmetabolism and clearance, so it was unable to assess
the impact of these factors on liver toxicity.

In conclusion, before these issues are clarified, this study’s
findings should be interpreted cautiously.

We would like to thank the members and staff of the Department of
Rheumatology and Immunology of The Second Affiliated Hospital of Soo-
chow University who contributed to this manuscript.
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Reply

To the Editor:
Thanks to Drs Wang and Liu for raising the critical points

regarding hepatic effects of benzbromarone and febuxostat in our

study. We acknowledge that although propensity score matching
(PSM) and inverse probability of treatment weighting (IPTW) were
used to control for confounders, certain limitations remain. First,
comprehensive baseline liver function evaluations, such as liver ultra-
sound or elastography, will provide more detailed structural and
functional information, particularly for detecting steatosis or fibrosis.
In our study, patients with liver disease were defined as those with
hepatosteatosis or abnormal liver function test results (aspartate
transferase [AST] or alanine transaminase [ALT] level more than the
upper limit of normal line) at baseline.1 This approach is consistent
with similar observational studies prioritizing biochemical markers
(ALT and AST) as primary end points. However, it should be noted
that no patients with cirrhosis or fibrosis at baseline were included
in our cohort at baseline. Emerging evidence suggests differential
drug sensitivity across liver disease subtypes,2 a risk factor we plan
to prioritize in subsequent research designs.

Regarding alcohol consumption as a documented hepatotoxic
agent that may synergize with drug metabolism pathways,3 we rec-
ognize that incomplete data on alcohol consumption patterns and
smoking habits (including frequency, quantity, and type) limit our abil-
ity to fully interpret hepatotoxicity risks. Our subgroup analysis did not
reveal significant interaction effects between drinkers and non-
drinkers or between smokers and nonsmokers.1 Similarly, dietary
factors such as high-fat diets promoting hepatic steatosis were not
accounted for in our analysis. Although these limitations are acknowl-
edged in our study, future pharmacovigilance research should aim to
quantify the effect of lifestyle exposures.

As to the discrepancy in follow-up times (1.34 vs 1.09 years)
that may introduce bias in outcome comparisons, in the sensitivity
analysis, follow-up time was limited to 180 or 365 days in the
matched cohort, and febuxostat use remained associated with
more hepatotoxicity episodes compared to benzbromarone.
Although PSM and IPTW effectively balance observed covariates
between treatment groups, they cannot account for unmeasured
confounders, such as concurrent medications, drug metabolism,
and clearance. We agree that future well-designed studies are
required to compare the hepatic effects of benzbromarone and
febuxostat in patients with gout.
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Validation of lung ultrasound interpretation criteria for
ILD in systemic sclerosis and inflammatory myopathy:
comment on the article by Fairchild et al

To the Editor:
We have read with great interest the article “Validation of

Lung Ultrasound Interpretation Criteria for Interstitial Lung
Disease in Systemic Sclerosis and Inflammatory Myopathy.”1 Inter-
stitial lung disease (ILD) represents a significant and potentially pro-
gressive complication in both systemic sclerosis (SSc) and
inflammatory myopathies, and early diagnosis is key to improving
patient outcomes.2 Lung ultrasound (LUS) is a relatively harmless,
more accessible alternative to high-resolution computed tomogra-
phy (HRCT), allowing for repeated assessments during clinical
visits. This facilitates real-time monitoring, potentially improving
early detection and evaluation of treatment response.

This study represents an important step toward that goal,
and we commend the authors for their valuable contribution.
However, we would like to comment on several of their findings.

The authors excluded B-lines as a criterion for ILD, citing their
variable presence and the potential for marked reduction due to
image-processing algorithms designed to eliminate artifacts. We
believe this approach may have limitations in terms of diagnosis,
prognosis, and treatment planning.

Regarding diagnosis, previous studies have shown that the
total number of B-lines can significantly distinguish patients with
ILD from those without in the context of SSc.3 Furthermore, pos-
terior and posterolateral B-lines were able to differentiate limited
ILD from no ILD, which aligns with the natural history of ILD in
SSc—typically beginning in the posterobasal regions and pro-
gressing toward anterior and proximal segments. This suggests
that ultrasound may detect early, subclinical interstitial involve-
ment.3 In addition, some studies have indicated that pleural irreg-
ularities are markedly more frequent in HRCT patterns associated
with advanced fibrosis.4 Excluding B-lines, therefore, may delay
diagnosis and hinder early screening efforts.

Moreover, a significant association has been observed
between the number of B-lines and the nonspecific interstitial
pneumonia (NSIP) pattern, which may help distinguish it from
usual interstitial pneumonia.4 The presence of B-lines has also
been linked to inflammatory phases of the disease.4 Ignoring
B-lines could limit diagnostic accuracy—considering that NSIP is
the predominant ILD pattern in SSc (affecting between 50% and

77.5% of cases)5—and negatively impact therapeutic decisions
(eg, deciding between optimizing immunosuppression or initiating
antifibrotic therapy) as well as prognostic assessment.

It would also have been interesting to evaluate the selected cri-
teria according to radiologic pattern. Organizing pneumonia (OP), in
general, presents with multiple—usually bilateral—subpleural and
basally distributed pulmonary consolidations, ground-glass opaci-
ties, and other signs but typically lacks honeycombing.2 There is lim-
ited evidence regarding the use of ultrasound for diagnosing
OP. However, considering the aforementioned, relying solely on
pleural irregularities or thickening—features associated with honey-
combing and traction bronchiectasis4—may present important limi-
tations in identifying this specific entity.

Finally, one of the key advantages of LUS over HRCT is its
suitability for repeated assessments. This has been previously
recognized, particularly in treatment monitoring and follow-up,
with the potential to reduce the number of HRCT scans
needed.4,6 Therefore, we believe that LUS should not be viewed
as a competing technique to HRCT but rather as a complemen-
tary tool7 to reduce unnecessary exposure to ionizing radiation.

We would like to thank the authors for their valuable work.
Their findings once again underscore the utility of point-of-care
ultrasound in monitoring patients with autoimmune diseases,
enabling better clinical assessment in cases of deterioration and
helping identify those at higher risk of ILD, thereby facilitating ear-
lier diagnostic and therapeutic interventions. Continued refine-
ment and validation of ultrasound-based criteria—integrating
both pleural and parenchymal findings—will be essential to maxi-
mize its diagnostic accuracy and consolidate its role as a comple-
mentary tool to high-resolution imaging in routine clinical practice.

The authors acknowledge the minimal use of a large language model
(LLM), specifically ChatGPT (OpenAI), for support in editing this manu-
script. The LLM was used exclusively to check grammar, improve clarity,
and ensure fluency of the English text. No content was generated or inter-
preted by the LLM, and all scientific concepts, data analyses, and
interpretations were developed independently by the authors.
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Reply

To the Editor:
We appreciate the thoughtful comments regarding our

recent study on lung ultrasound (LUS) interpretation criteria for
interstitial lung disease (ILD) in systemic sclerosis (SSc) and
inflammatory myopathies (IM).1 The utility of B-lines in detecting
interstitial syndromes is well established, with decades of
research supporting their relevance. However, we believe it is
important to contextualize these findings within the landscape of
evolving ultrasound technology and clinical practice.

Over the past two decades, there have been substantial
advancements in ultrasound equipment. Contemporary rheuma-
tology ultrasound examinations are typically performed using
high-frequency linear probes (12–20 MHz) on machines equipped
with advanced image-processing capabilities.2 These modern
systems differ significantly from older devices employed in early
studies on ILD,3–6 which commonly used lower-frequency (2–5
MHz) curvilinear probes and lacked sophisticated postprocessing
algorithms. Although such setups were well suited for generating
conspicuous B-lines, they lacked the resolution to assess pleural
surface detail—a key target in early ILD detection.

Our study aimed to define and validate a practical set of
interpretation criteria for current clinical practice, specifically tai-
lored to the routine outpatient setting in which patients with
SSc and IM are regularly screened for ILD during their lengthy
“at-risk” period.7,8 Rheumatologists, who maintain longitudinal
relationships with these patients—often extending a decade or
more—are ideally positioned to perform this screening
using their standard ultrasound equipment. With typical rheuma-
tology setups, pleural abnormalities can be directly visualized, while
B-lines, which are particularly sensitive to system configuration,9–11

may be inconsistent or absent. Typical rheumatology ultrasound

setups using a linear probe, with moderate to high frequency,2 and
settings such as compound spatial imaging and proprietary post-
processing algorithms—designed in many cases to reduce
artifacts—can significantly diminish the appearance of B-lines.9–11

This setup contrasts with the curvilinear or phased-array probes
and handheld devices used in the more acute setting for
cardiology,12 pulmonology,13 or emergencymedicine,14 where iden-
tification of B-lines is critical in the assessment of congestive heart
failure or inflammatory pulmonary conditions.

In our experience, reconfiguring machines to mimic these
setups—by disabling compound imaging, reducing frequency,
and switching to a curvilinear probe—can substantially increase
the visibility of B-lines. However, doing so requires significant
deviation from standard rheumatology practice2 and sacrifices
pleural detail. In contrast, we found that pleural irregularities were
consistently detectable in patients with ILD, even when B-lines
were absent.

We recognize the value of B-lines in certain clinical scenarios—
such as acute care settings and in evaluating volume status or
inflammatory interstitial processes. However, for routine outpatient
screening of connective tissue disease–associated ILD using stan-
dard rheumatology ultrasound equipment, we believe that focusing
on pleural features rather than artifacts offers a more robust, repro-
ducible, and practical approach. Our interpretation criteria reflect this
perspective and, we believe, provide a clinically useful framework for
identifying ILD in this context without reliance on B-lines.

Lastly, with respect to our subset of patients with organizing
pneumonia (OP). Of the eight patients with OP, seven were accu-
rately identified on LUS by all readers, with the eighth patient hav-
ing a normal ultrasound as interpreted by all readers. The one
patient with false-negative OP had very mild computed tomo-
graphic imaging without peripheral involvement precluding LUS
detection; B-lines were also not observed for this patient.

We appreciate the continued dialogue on this evolving field
and remain committed to refining ultrasound-based approaches
to ILD detection and monitoring.

A large languagemodel was used solely for spell checking and gram-
mar in this manuscript..
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Beyond the bloodstream—rethinking colchicine
monitoring through a clinical lens: comment on the
article by Stamp et al

To the Editor:
We read with great interest the article recently published by

Stamp et al, “Colchicine concentrations and relationship with col-
chicine efficacy and adverse events: post hoc analysis of a ran-
domized clinical trial of colchicine for gout flare prophylaxis,”1

which examined the relationship between plasma colchicine con-
centrations and both clinical efficacy and adverse events.
Although the study concludes that trough and peak concentra-
tions bear no relationship to flare prevention or colchicine-specific
toxicity and thus that routine therapeutic drug monitoring (TDM) is

of limited value, from a clinical perspective, I propose three con-
siderations to refine how these findings are applied in practice.

First, relying solely on plasma levels may underestimate colchi-
cine’s pharmacodynamic activity because its anti-inflammatory
effects are mediated intracellularly. Colchicine partitions extensively
into leukocytes, binding to tubulin and disrupting neutrophil func-
tion at tissue sites, yet plasma concentrations represent only a
small—and highly variable—fraction of total drug exposure.2–4 In
clinical practice, patients with identical plasma levels may experi-
ence divergent responses based on differences in cellular uptake,
transporter polymorphisms, or tissue distribution. Future studies
integrating measures of colchicine in leukocytes or inflammatory
biomarkers (eg, interleukin-1β inhibition) could better capture the
concentration–effect relationship and identify patients who might
benefit from dose adjustments despite “therapeutic” plasma levels.

Second, the association between higher plasma concentra-
tions and nonspecific adverse events highlights the interplay of
patient factors beyond colchicine exposure itself. In this analysis,
elevated trough or peak levels correlate with any adverse event in
months four to six, yet gastrointestinal and muscle-specific toxicity
remain unlinked to plasma concentration. This suggests that
comorbidities such as renal impairment, polypharmacy (statin coad-
ministration), and older age—each associated with altered colchi-
cine clearance and vulnerability to side effects—may drive overall
adverse event reporting rather than colchicine per se. Clinicians
should therefore interpret plasma concentrations in the context of
individual risk factors; for example, in an older patient with chronic
kidney disease and multiple cytochrome P450 3A4 or
P-glycoprotein inhibitors, modest elevations in plasma colchicine
may portend general toxicity risk even if specific adverse events
are not evident.

Finally, translating these pharmacokinetic observations into
clinical practice would benefit from alignment with patient-
centered outcomes and shared decision-making. The absence
of a plasma concentration threshold predictive of flare prevention
underscores that gout prophylaxis success ultimately rests on
clinical metrics (flare frequency and patient-acceptable disease
activity states) and tolerability. Rather than routine TDM, a strat-
egy of early assessment of clinical response and targeted inquiry
about gastrointestinal or neuromyotoxic symptoms may be more
effective. Patients could be counseled that dose titration should
be guided by flare control and symptom burden, with plasma
measurements reserved for those with suspected toxicity or
drug–drug interactions. Such an approach prioritizes real-world
outcomes and resource stewardship, consistent with the finding
that concentration monitoring added little value across an unse-
lected population.

In summary, although the study robustly demonstrates that
steady-state plasma colchicine concentrations do not predict pro-
phylactic efficacy or specific toxicity on a population level, incorpo-
rating insights into intracellular drug action, individual comorbidity
profiles, and patient-reported outcomes can optimize the clinical
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use of colchicine. This nuanced perspective will ensure that therapy
remains both effective and safe for those at the highest risk.
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