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<<abs>>

Objective. Paimssensitization may contribute to pain severity in rheumatoid artiAis (
impactingdisease activitassessmentWe examined whether pain processimgchanismsvere
associated withndisease activity among RA patients with active disease.

Methods. The study included 138ubjects enrolled in the Central Pain in Rheumatoid Arthritis
cohort. Subjects underwent quantitative sensory tes&J) includingassessment @ressure
pain thresheld¢PPTs)at multiple sitesconditioned pain modulatioand temporal summation.
RA disease aetivity was assessed using the Clinical Disease Activity Index (CDAI) and its
componentsWWe examined crossectional associations between QST measures and disease
activity using linear regression.

Results. Low PPTs(high pain sensitizatiorgt all sites were associated with hi@DAI scoreqP
< 0.03) and.tender joint count® 0.002). Associations between PPTs grattientglobal
assessmestvere also seen at most sitesgh temporal summation at the foreagabso

reflecting high#pain sensitization) was significantly associated with high GbéskesP = 0.02)
patient global assessmetioreg P = 0.0006) evaluator global assessment scqfes 0.01), and
tender joint countsH = 0.®). Conversely, conditioned pain modulati@measure of
descending,inhibitory paipathway$ wasassociate@nly with tender joint countR = 0.03).
Conclusion. High pain sensitizatiors associated witelevations irdisease activity measures.
Longitudinalstudies are undemy to elucidate the caussfect relationships between pain
sensitizatiorand inflammatory disease activity in RA.

<</abs>>

<<hd1>3NTRODUCTION
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Painis oftenconsidered surrogate marker fanflammatory disease activiip rheumatoid

arthritis (RA) It is the single largest determinant of patient assessment of global disease activity
(1,2).1t is also a prominent component of the American College of Rheumatology
(ACR)/European League Against Rheumat(&LAR) criteria for remissior§3,4). However,

pain does not always equal inflammati@vidence of thisvas seern one studyin whichthe
majority“of‘established RA patients with pémedian 3 of 10 in intensity) hadminimum

number ofswollen joints(5).

<<significance&innovations>>

Significance"& Innovations

e This is the largest study to comprehensively assess pain sensitization in rheumatoid|arthritis
(RA), using=pressure pain thresholds, temporal summatrahconditioned pain modulation,
in a study=population that draws fronra&ademic medical centers acrosslitse

e Associations between temporal summatbthe forearm (a measure of cengahsitization
and Clinical Disease Activity Index score, tender joint count, evaluator global assessment
score, and.patient global assesstscore are reported for the first time

e Associations betvemn conditioned pain modulatioa (neasure of descending arelig pain
mechanismsand measures of disease activity in an RA popularerdescribed for the first

time.

Several studiemdicatethatindividuals with RA have abnormalities peripheral and
central nervous system pain processing, resulting in widespread pain sgnBitiuitcross-
sectional.studies have examined the relationship between pain thresholds and validated measures
of disease activity in RA6-9). All 4 studies were smafh <59), limiting the ability to examine
differences’in associatisbetweersubgroups of patients, such as those with secondary
fiboromyalgia. Two of the studies included only women, thetebifing generalizability to men
(8,9). In this study, we enrolled 1®atients across sites, including 23 men. In addition, we
also assessed conditioned pain modulation as a measure of descending analgesic pain
mechanismsWe hypothesized that lopressure pain threshold3RTg, low conditioned pain

modulation and high temporal summation would be associated witlChigbal Disease

This article is protected by copyright. All rights reserved



Activity Index (CDAI) scores, tender joint counts, and patient global heakbhssmersicores,
whereaghe association betwe@ain sensitizatioand measurefat emphasize direct

assessment of inflammatievould be low.

<<hd1>>PATIENTS AND METHODS

<<hd3>35tudy population. The studyincludes baseline data from the fir&9subjects
with complete'data on disease activity measuréise Central Pain in Rheumatoid Arthritis
(CPIRA) study CPIRAIs a multicenter, prospective, observational study designed to examine
the relationship, between pain and treatment response ind#écipants were recruited froh
US academic medical centers beginning@muary 2014The nclusion criteriavereas follows
diagnosis of RA based on the ACR/EULARR10 classification criterigl0); starting or
switchingto a diseasenodifying antirheumatic drug (DMARD) due to active RA; aility to
participate.ina study visit before taking the first dose of the new DMARD. An exception was
made forparticipants starting methotrexdterapy These individualsvere ablea participate
after takingl dose of medication if theyere able to come in for their study viséfore taking a
second doese.Harmacodynamic studi@sdicate thathe onset of action of oral methotrexate for
RA is betweer8 and 6weeks so a single dose of methotrexate should not alter the results of our
study (11). For individuals switchirtg a differentDMARD, no waslout period was required.

Exclusion criteriavere as followschanging doses of centsahcting pain medications
(e.g., amitriptyline, gabapentiar duloxetine)within 3 months of enrolimentorticosteroid
treatment of:20 mg of prednisone or its equivalgciironic opioid use or any opioid use within
24 hours of testingdiagnosis of systemic autoimmune diseasdher than RAsevere
Raynaud’s phenomenon requiring pharmacologic treatreenere peripheral vascular disease
manifested. by claudication or ischemic rest paimd peripheral neuropath4ll subjects
provided written informed ca@ent. The institutional review boards at each site approved the
study.

<<hd3>>Quantitative sensory testing(QST). All assessors attendedlLaday training
session and received-person instruction on the use of QST. Two of the authors (YCL and
RRE)supervised these sessions and ensured that testing measures were standardized across all
sites. Site visits wereonducted approximatelyykar into the study to ensure that siamlized
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protocols were being followedssessments of inteter reliabilitywere performe@mong a
subgroup of assessors£mt), andheintraclass correlation coefficients (IGranged from 0.71
to 0.90for thePPT and temporal summation measufidge ICC for conditioned pain modulation
was 0.45As per Cicchett{12),ICCs 0.40—-0.59vere defined afair, 0.60-0.74 as good, and
0.75-1.00 asxcellent A comparison of QST measures across sitelasvnin Supplementary
Tablel (see Supplementary TableaVailable on thérthritis Care & Research web site at
http://onlinelibrary.wiley.com/doi/10.1002/acr.23266/abstract).

<<hd4>>PPTs. Using a Wagner Force EDX dgometer, we obtaineBPTsat joint
sites(bilateral wrists andknees) and nqgaint sites(bilateral trapezius muscles and thumbnails)
in random.orderwith 3 trialsat eactsite The lent rubber algometer probe was placed in the
center of each/anatomic slg the study staff. Ther@ssure was ineased at a rate 6f50
kgf/seconduntil the stimuludirst beame painful The pressure at this point was defined as the
PPT. To obtain the meaRPTfor eachsite, we averaged tH&PTsobtained on both sides of the
body duringall 3 trials. Low PPTsat joint sites wereonsidered markers of peripheral
sensitizationwhereas lowPPTsat both joint and ngaint sites were considered markers of
central sensitizatio(iL3).

<<hd4>>Mechanical temporal summation. Consistent with previoustérature(14),
temporal.summation was assessed using a $epafbes, with weighted, flat-end wire tips
measurind.2 mmin diameter (University of North Carolina, Chapel Hill). The weights ranged
8—-256 mN. The probes were tested on the participants by slowly touching the full welght of t
probe againstithe subject’s skin at the middle of the wrist (joint site) and then the forearm
(nonjoint site)«Test taps were performed, beginning with the probesbileight and
sequentially increasing the probe weight until the subject reported a pain rad@dgddi 100 or
until the heaviest probe was used. Using this probe, temporal summation wasthegsur
tapping the probe against the skin at the testlfitenes, with each tap lasting approximately
0.5 seconds.and withsecond between stimuli. The subject was asked to rate his/her pain level
on a scal®f:0=100after the first, fifth and tenth tap Temporal summation was defined as the
difference betweethe pain level at the tenth tap and the pain level at the first tap for each trial.
Three trials were performed at each site. Mean temporal summation measurements at the wrist
and the forearm were calculated by averaging the restuhe 8trials. Highermeasures of

temporal summation were considered to reflect greater central sensitization.
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<<hd4>>Conditioned pain modulation. Conditioned pain modulation was assessed using
a procedure that incorporates a conditioning stimulus (painful stimulus thatexthe
descending analgesic pain pathways) and a test stimulus (painful stimulus te &stltfesic
response to the conditioning stimulus) (15,16). The conditioning lstimas immersion of the
right hand in.a.cold water bath, maintained between 5°C andTIfe test stimulus was pressure
applied by.an algometer at the left trapeziusscle An initial PPT was obtained before
immersion‘ofithe hand in the cold water bath. The subject was then instructed togitzere hi
hand in the'water. After 20 seconds, the PPT at the left trapams~ewas obtained a second
time, immediately before¢he participantemoved his/her hand from the watéthe participant
wasunablestorkeep the hand in the water for 20 seconds, the second PPT was measured
immediately aftethe removal of the hand from the water. Conditioned pain modulation was
defined as the ratio ofi¢ PPT at the second time point over the PPT at the first time point,
multiplied by 100 (17). A result of 100 meant tifz@ére wa no difference between tReT
before the subject v8aexposedo the conditioning stimulus verstlee PPT after the subject was
exposed tertherconditioning stimulus. Valgesater than 10@ereindicative of conditioned
pain modulationreflectingincreases ifPPTs at the second time point compared to PRTke
first time"peint. Converselypiver values were considered to reflect abnormalities in descending
pain inhibition.

<<hd3>>Assessment of clinical variableOverallRA disease activity was assessed
using theCDAI, a composite measure that includes tender joint count, swollen joint count,
patient globalfassessmeand assess@lobal assessme(it8). We used the CDAI ahe
primary measure of RA disease activity becaesem inflammatory markefsequired for the
calculation of other validated disease activity meajuvaisbe measuredfterthe full cohortis
assembled and.are not currently availabdént counts and assessor global assessments were
performed. by.trained study staff members. Rerpatient global assessment score, participants
were asked.to.assign a number, usiri0-poih numeric rating scajén response tthe
guestion, Censidering all the ways in which your arthritis has affected you, how do you feel
your arthritis’is today?Demographic information ariA disease characteristics were obtained
using self-report questionnaires. Rheumatoid fa@é) andarti—cyclic citrullinated peptide
(antrCCP)seropositivitywereobtained using a standardized chart review pro&sly mass
index(BMI) was calculated from height and weight obtained at the time of the study visit.
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Depressionanxiety and sleep disturbance were assessed using PRggotrted Outcomes
Measurement Information SystePROMIS computerized adaptive tegi9,20).
Catastrophizing waassessedsing the Pain Catastrophizing Scéé). Fibromyalgia status was
deternined accaording to the ACR 2010 modified preliminary diagnosiieré, which include
meeting a score ok7 on the Widespread Pain Index aridon the Symptom Severi§caleor
3-6 on the Widespread Pain Index aldon the Symptom Severi§cale(22,23).

<<hd3>3Statistical analyss. The primary outcome wdRA disease activity, measured
by the CDAI-"Secondary outcomes included the components of the CDAI, specifically, the
tender joint countswollen joint count, patient global assessmant assessor global assessment.
The main predictors weilePTsat the wrists, knees, trapezimsiscles and thumbnailsemporal
summation-at the forearm and the wrist; and conditioned pain modulation. Potemfiiainders
included age, sex, BMI, RA disease durati@k, or antiCCPseropositivity depression, sleep
disturbance, and catastrophizing.

Unadjusted associations between QST measures and clinical diseapewaetii
identified using Pearsarorrelationcoefficients We examined the association between QST
measures and-disease actiwiging multivariable linear regressiafteradjustingfor the
covariatedisted aboveThe strength of association was assessed using regression coefficients (p).
In exploratery analyses, we also examined the role of fibromyalgia as anmedi@iéier of the
relationship between QST measures and disease acliliggeanalyses were performeising
modelsstratified by fiboromyalgia status, as well as models including a QST measure x
fibromyalgiainteraction ternThe threshold for statistical signiince was set a?atailed P
value of less:ithaf.05. We did not adjust for multiple comparistesause this was an
observatignal, hypothesis-screening study, and adjustments for multiple testirigdiwauility
to identify potentially important findings (24). All analyses were performed using &&Sion
9.4.

<<hd1>>RESULTS
<<hd3>>Patient characteristicsand PPTs There were 13RA patientsncluded in the

analysis The meant SD age was 8.2 + 13.6 years, and 83bwere womer{Table 1)<x<T1>>
The meart SD baselineCDAI scorewas 21.4+ 14.0, and 32%netthe ACR 2010 modified
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preliminary diagnosticriteria for fioromyalgiaThe neant SD PPTwaslowest at the wrists
and trapezius muscle2.9 + 1.6) and highest at the knees (637) (Table 2)<<T2>> PPTs
were inversely associated with the CDAI, with beta coefficients ranging-floB®at the
thumbnail to—-3.30at the trapeziud(< 0.03 (Table 3)<<T3>> PPTswere alscsignificantly
associateavith,the tender joint count, with beta coefficients ranging fran®9at thethumbnail
to —1.98atthetrapeziugP < 0.002).PPTs atll sites except the thumbnail were signifittan
associated'with'patiegtobal assessment scof&s< 0.04). In contrastPPTswere not
significantly"associated witthe swollen jointcount.

In dratified analyses, betaoefficientsfor the association betwe&PTsand boththe
CDAI and tender joint counigeregenerally higher among RA patients who met26&0 ACR
modified preliminary criteria for fiboromyalgi@ range =-1.07,-5.72), comparedvith those
who did not meet the 20JACR modified preliminary criteria for fibromyalgi@ range =-0.81,
—3.11).To assess the statistical significance of these differencgserfiegmed exploratory
analyses usinguultivariable linear regression modeisluding an interaction term foPPT x
fibromyalgiasNone oftie interaction terms wefeund to bestatisticallysignificant

<<hd3>>Temporal summation. The nean + SDvalues for temporal summation at the
wrist andferearm weres10+ 15.3 and 14.@ 13.8, respectively (Table 2). Temporal summation
at the forearm was significantly associated whnCDAI score(f = 0.19; P = 0.02), tender joint
count (B =0.11; P = 0.02) patient global assessment sa@re: 0.05; P = 0.0006) and assessor
global assessmestore( = 0.04; P = 0.0]), whereas temporal summation at the wrist was
significantly"associatednly with patientglobal assessment (p = 0.04; P = 0.003) (Table
4) <<T4>>Im.analyses strdied by fibromyalgia status, betaefficients for the association
between temporal summation a@BAIl score werdower among those with RA and
fibromyalgia (f = —0.02 in forearm anfl = —0.01in wrist), compared with those with RA alone
(B =0.25inforearm and3 = 0.23 in wrist). The nteraction terms for temporal summation x
fibromyalgiawere not statistically significant.

<<hd3>>Conditioned pain modulation. The mearx SD conditioned pain modulation
ratio was 12.3+ 39.4 (Table 2). Conditioned pain modulation was associatedsvitter joint
count (B =0.04; P = 0.03) but not with angtherdisease activity measuf€able 4). Analyses
stratified by fiboromyalgia status did not revegnificant differences in the betadficients for

the associations between conditioned pain modulation and disease activity measures. Interaction
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terms br conditioned pain modulationfibromyalgia were not statistically significant.

<<hd1>>DISCUSSION

This study cenfirms previous findingdiowing associations betweBRTsand composite

measures drRAdisease activity, tender joint coyat/aluator global assessmeand patient

global assessme(f,8,25). This study ialsothe first to reporaissociations betwea¢emporal
summationat'theforearmand CDAI, tender joint coungvaluator global assessmgeand patient
global assessmenthese findings suggest that pain sensitization, reflected by low PPTs and high
temporal summation, may contribute to #mplification ofpatientassessment of disease

activity anditender joint count, as well as a perception of higher activity eyéheator.

To provide clinical context, we compared our results to published data using the same
techniquege.g., same testistulus andsameconditioning stimulus). The median PRilthis
population(2.5—4.9 kgf) vas lower than thah the general population (6.2-9.4 kgf) and lower
thanthatobserved in an RA population wikbwer disease activity (5.2—8.4 kgf) (15). Temporal
summationtatithe forearrmganl4.0+ 13.8) was higher in our population compared to healthy
controls (mean 10.6 + 11.3) (26). These comparisons should be interpreted with caution, given
possible_ differences in study populatidoesyond the differences in disease state and disease
activity levels.

The.observation thabW PPTswere associated withigh CDAI scores hightender joint
couns, andrhigh patierglobal assessmestoresbut notwith swollen joint courg, is consistent
with studiessshoug that individuals with RA and fibromyalgia score higher on composite
disease activity measuraad the individual components of tender joint count and patient global
assessmeri27—30). In our studyhetacoefficients for the associations between PPTs and CDAI
scoredndicatel thata 1-unit difference in PPT was associated with2943.30difference in
CDAI score Ihe magnitude of this associatimasnot high, given that theiinimumclinically
important differencéor the CDAI is 6 for individuals with moderate disease activity anddt2
individuals'withhigh disease activit{31). The strength of this association was higher among
individuals with both RA and fibromyalgiavith a beta coefficient 6f5.72 for the association
between trapgus PPT and CDAIHowever, the interaction terms betwdimomyalgia and
PPTs were not statistically significant whigsromyalgiawas examined as a dichotomous
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variable or as a continuous measurélmbmyalgiasymptom severityThe lack of statistical
significance may reflect limited statistical powgiven the small number of individuals with
fiboromyalgia.

High temporal summatioat the forearnwas significantly associated wittigh CDAI
scorestenderjoint countgvaluator global assessmanbresand patient global assessment
scoresbuttemporal summation #e wristwasassociate@nly with patient global assessment.
The beteacoefficients for the association between temporal summation and &ioAdranged
from 0.07"at'the wrist to 0.11 at the forearm, indicating thatiaitldifference in temporal
summaion was associated with an increas€DAI score of 0.07-0.11. Thus]age difference
in temporal summatiors needed to see a relatively small difference in CEdblre

It wassurprisingthat temporal summation at the wrist was asgociated with disease
activity measurgdecause the wrist is a site commonly affected by inflammation inMRAs,if
anything, we expected stronger associations between temporal summation agtthadvri
disease activityneasuresOne explanation could be that our measure of temporal summation
was not sufficiently sensitivévlany subjects did not find the punctate probes to be painful, and
the distribution‘of temporal summation, both at the forearm and tlsg waisright-skewed. V&
were notable to use a highseight probe due to skin fragility in a number of subjects.
Compaed-to other study populations, in this RA population skin fragility may be a larger
problem due to chronic corticosteroid use.

To our knowledge, only onather study has examined the association between temporal
summatioprand, disease activity measures inlB&g a temporal summation protocol involving
cuff pressure-algometry/ladimirova et alassessed temporal summation atiéigein 38 women
with activeRA and found no association between the temporal summation index and tender joint
count, swollen joint count, ddisease Activity Score in 28 join{9). A study of 1,111
individuals.in.theMulticenter Ostoarthritis Study, however, foumtifferences in associatien
between temporal summatiofimechanical stimulat affected versuanaffectedody sites and
magnetic resonance imagitgased evaluatioof inflammation(32). Over 24 months, this study
noted a stronger association between knee effusions and incident temporal sumrttadion at
affectedsitethan between knee effusions andident temporal summation at an unaffected site.
Additional studies, using a different method of temporal summation, may be helpfuhier fur
elucidatingthe association between temporal summation and disease atiauremn RA.
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Contrary to the associations observed betwenhs ad disease activity measures and
temporal summation ardisease activity measuregnaitioned pain modulation wassocated
with tender joint count and naitith any otherdisease activity measur€he lack ofassociation
may be due tgseveraffactors, including statistical ches (false negativegand/ortechnical issues
in the assessment of conditioned pain modulation. The ICC for conditioned pain moduéesion w
0.45, which was lower than the IG@r the other QST measures, indicating a lower level of
reproducibilitycompared to the other QST measutesaddition, the magnitude of conditioned
pain modulatiormay have beeaffected by the choice of test and conditioning stimuli. For
example, using'cold as the test stimuhusy be more sensitive than pressure, given that the cold
pressor task weaassoused as the conditioning stimulus. However, a meta-analysis of conditioned
modulationsparadigms in populations with chronic pain did not find that the tytpstair
conditioning stimulus type significantly influenced the effect size (33). Additistudies, using
different conditioned pain modulation paradigms, are needed to replicatedmngfi

Another possibility for the lack of association between conditioned pain modulation and
disease agtivity measures is that conditioned pain modulation reflects a different type of pain
pathway (34).While temporal summation is thought to reflect the facilitatioscehding
nociceptive,processing, conditioned pain modulatiaroissiderech measure of the descending
inhibitory.pain pathways (35). We expected impaired conditioned pain modulation to be
associated with heighted measures of disease activity due to enhanced pain sensitivity.
However, among individuals with high inflammatory disease actip@yipheral inflammation
may servesasmendogenous conditioning stimulus that activates the descending analgesic pain
medanisms=Thus, in some individualspairments in conditiced pain modulationrmay be
associated witkelevations in disease activity measuxesile, in others, heightened conditioned
pain modulation. may be associated vd#dtreases in disease activity measuresgitudinal
assessment.of conditioned pain modulation before andtladtenset of inflammation would be
useful in disentangling these relationships. We are continuing to follow the indss/iduis
study longitudinallyas they are started on new DMARDghich provides aopportunity to
identify changes in conditioned pain modulation with improvements in inflammation.

Strengths of this study include the comprehensive assessni&PT gtemporal
summationand conditioned pain modulation. To our knowledge, this is the largest study of QST
in RA, and the only study to assé¥3Ts temporal summatigrand conditioned pain modulation,
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while alsocharacterizing inflammatory disease activity and psychosocial fagtesdditional
strength is the assessment of secondary fibromyalgia in this RA ddberver,
misclassification may existreee the ACR 2010 modified preliminary diagnostiitezia for
fiboromyalgiaare_based on setéported pain in 19 areas, fatigue, restorative slee@mnd
cognitive symptoms (22). Although the 19 areas argonursites,RA patientamay find it
difficult to distinguishbetween pain atifferentlocations.

Limitations of this study include the cressctional design, which precludes conclusions
involving the“directionality of associations betwd&@8T measures and disease activity.
Longitudinal data collection is ongoing, aadalyses to examine associatitsetween baseline
QST measures,arwhanges in inflammatory serum markers aoohpositeRA disease activity
measuregrresponse to DMARD theramre plannedlheheterogeneity ithe assessment of
QST measuresiacross siteay be another limitatiorThese assessments can be sensitive to
variations In study procedures. We havadeefforts to standardize protocols, including an
intensive training session befdtee start of thetudy and visiting each site approximatelyehr
into the study+to ensuthattherewas no drift in technique. I between the master study
assessor anglother study assessors were infdieto excellent range. When compayiQST
measurements across sites, PPTs at the knee and trapezius were the only meaditfersdhat
significantly"across sitgsee Supplementary Table 1, available onAtttbritis Care & Research
web site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23a@bsétract This mg reflect
variations'in testing procedures across sites. Alternatively, this difference may reflect differences
in study populations across sites. To address these concerns, we included study site as a covariate
in all analyses:

Although we included many potential confounders of the relationship be@@®€n
measuresnd inflammatory disease activity in our models, the potential for residofiuding
remains While we performed a large number of statistical analysesvoidedadjustmentfor
multiple comparisons accordance with what has been advocated in epidemiologic research
(23). We made a conscious effodt highlight only the associations that were consistent across
the majority=of body sites or disease activity measures.

In conclusionpain sensitizationdemonstrated by loRPTsand high temporal
summatiorvaluesat the forearnwere associated withdi CDAI scoresThese findings
highlight the importance of understanding pain sensitization in RA, particulatlyetates to

This article is protected by copyright. All rights reserved



inflammatory disease assessméwmditional studies are needed to better understand the clinical
impact of pairsensitizatioronthe efficacy ofRA treatment.
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Table 1. Participant characteristics (n = 139)*

Characteristic Value
Age, mean £ SD years 54.2+13.6
Female 83.5
Body massrindexnean +SD kg/nt 30.9+17.3
Seropositive 83.5
Diseaseaduration, mean + SRears 9.3x12.7
CDAI sceore, mean + SD 24.4+14.0
Tender joint count in 28 joints, mean = SD 11.4+9.2
Swollenjoint count ir8 joints, mean = SD 55+5.1

Patient globakssessment score-(ID), mean = SD 53+1.8
Assessoriglobal assessment scord (), mean £ SD 3.7+ 2.3

Any DMARD uset 61.2
Biologic, DMARD useg 25.2
Synthetic.BMARD usg 46.0
NSAID use 48.9
Corticosteroid use 43.2
Pain(0—10NRS), mean = SD 51+2.3
PROMIS apressior{T score) mean ¥SD 50.5+£9.1
PROMIS anxiety (Tscore), mean + SD 53.7+8.7

PROMIS sleep disturban¢@ score), mean + SD 54.2+9.2
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Pain Castastrophizing Scale, mean + SD 18.4+13.4
Fibromyalgiat 31.7

* Values are percentages unless otherwise indicated. CDAI = Cl
Disease, Activity Index; DMARD = diseaseodifying antirheumatic
drug; NSAID, = nonsteroidal antiinflammatory drug; NRS = nume
rating scale; PROMIS = PatieReported Outcomes Measurerhen
Information System.

T Numbersreflect DMARD use within 6 weeks of the baseline
assessment, prior to starting their new DMARD.

T Defined bysthe American College of Rheumatology 2010 modif

preliminary diagnostic criteria.

=.

c

ied

Table 2.Quantitative sensory testingmeasures (n = 139)*
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Measure Mean + SD Median (IQR)

PPT at wristkgf 29+16 2.5(1.9-3.8)
PPT at knegkgf 5.3+ 2.7 4.9 (3.0-7.3)
PPT at thumbnail, kgf 3.6+1.9 3.1(2.4-4.4)
PPT at trapeziykgf 29%+1.6 2.5 (1.9-3.5)
Temporal summation at wrist 15.0+ 15.3 10.0 (2.7-23.3)
Temporal'summation at foreatm 14.0+ 13.8 11.3 (1.7-22.0)

Conditioned pain modulationt 142.3+39.4  132.6 (117.7-155.7)

* PPT = pressure pain threshold.
t Calculated as the differenbetween the maximum pain rating at the tent
tap minus the pain rating at the first tap.
t Calculated as\ PPT2/PPT1 x 100.
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Table 3. Relationship of pressure pain thresholds to RA disease activity

TJC SJC PtGA EGA CDAI
Overall study cohort
Wrist, adj. B -1.65 —0.46 -0.25 —-0.30 —2.66
P <0.0001t 0.09 0.04t 0.01t <0.0001t
Kneg adj. B -1.12 -0.17 -0.16 -0.13 -1.58
P <0.0001t 0.32 0.03t 0.09 0.0001ft
Thumbnail adj. B -1.09 0.02 -0.10 -0.11 -1.29
P 0.002t 0.95 0.32 0.31 0.03%
Trapeziusadj. B -1.98 -0.47 —0.40 -0.44 —-3.30
P < 0.0001t 0.12 0.002t 0.000% < 0.000%
RA patients without FM (n'= 95)
Wrist, adj. B -1.94 -0.53 -0.33 -0.31 -3.11
P < 0.000% 0.09 0.03f 0.03f < 0.000%
Knee adj. B -0.81 -0.06 —-0.16 —-0.06 -1.09
P 0.001+ 0.73 0.06 0.46 0.009+
Thumbnai) adj. 8 —0.99 0.08 -0.13 -0.03 -1.08
P 0.004t 0.76 0.28 0.79 0.07
Trapeziusadj. -1.68 —0.30 -0.41 -0.38 -2.78
P < 0.000% 0.32 0.005+ 0.005F < 0.000%
RA patients with FM*(n"=44)

Wrist, adj. B -1.07 -0.21 —-0.08 -0.28 -1.64
P 0.25 0.70 0.73 0.23 0.22
Kneg adj. B -1.66 —0.06 —-0.08 -0.23 —-2.02

P 0.009+ 0.88 0.62 0.16 0.03f
Thumbnail ad;j. B -1.63 -0.40 —0.04 -0.41 —2.48
P 0.08 0.48 0.86 0.07 0.06
Trapeziusadj. B -3.79 —0.96 -0.29 —0.68 -5.72
P 0.009r 0.29 0.40 0.07 0.006t

* Adjusted for age, sex, seropositivity, RA disease duration, body mass index, deprelssp
disturbance, and pain catastrophizing. RA = rheumatoid arthritis; TJC = tendeojam; SJC =

swollen joint count; PtGA = patient global assessment; EGA = evaluator global asse&dpidnt;
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Clinical Disease Activity Index; adj. = adjustdey = fibromyalgia.

T Statistically significant.

Table 4. Relationship_of temporal summation and conditioned pain modulation to RA disease

activity in the overall study cohort (n = 139)*

TJC SJC PtGA EGA  CDAI

Temporal summation,(ferearm), adj. 0.11 —0.009 0.05 0.04 0.19
P 0.02t 0.80 0.00061 0.01t  0.02t
Temporal summation (wrist)., adj. B 0.07 -0.02 0.04 0.02 0.11
P 0.10 0.56 0.003t 0.10 0.12
Conditioned pain modulation, adj. 0.04 -0.001 -0.001 -0.004 0.03
P 0.03% 0.91 0.77 0.47 0.27

* Adjusted for age, sex, seropositivity, RA disease duration, body mass index, deprelesip
disturbance, and pain catastrophizing. Rtheumatoid arthritis; TJC = tender joint count; SJC =

swollen joint count; PtGA = patient global assessment; EGA = evaluator global asse&dpidnt;
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Clinical Disease Activity Indexadj. = adjusted.

T Statistically significant.
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