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Pain Mechanisms Associated With Disease Activity in Patients 
With Rheumatoid Arthritis Treated With Disease-Modifying 
Antirheumatic Drugs: A Regression Tree Analysis
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and Yvonne C. Lee2

ABSTRACT. Objective. Although pain affects the assessment of disease activity in patients with rheumatoid arthritis 
(RA), pain is not always directly related to peripheral joint inflammation. Peripheral and central nervous 
system regulatory mechanisms also affect pain perception. We used regression tree methodology to iden-
tify mechanisms most predictive of disease activity after disease-modifying antirheumatic drug (DMARD) 
treatment.

 Methods. Disease activity was evaluated using the Disease Activity Score in 28 joints (DAS28) in 176 
patients with RA, before and after starting a DMARD. Quantitative sensory testing (QST), including pres-
sure pain thresholds (PPTs), temporal summation, and conditioned pain modulation (CPM), were used to 
assess pain mechanisms. Regression tree methodology was used to determine the QST modalities most pre-
dictive of DAS28 after DMARD treatment.

 Results. This analysis identified 4 groups defined by baseline DAS28 category and either knee PPT (a com-
bined measure of peripheral and central nervous system dysregulation) or CPM (a measure of descending 
pain inhibition). Among patients starting with low/moderate disease activity, lower knee PPT (PPT ≤ 4.65 
kgf ) most strongly predicted higher posttreatment disease activity (group 1 mean DAS28 2.8 [SD 1.0] vs 
group 2 mean DAS28 3.5 [SD 1.0]). Among patients starting with high baseline disease activity, less efficient 
descending pain modulation (CPM ≤ 1.55) most strongly predicted higher posttreatment disease activity 
(group 3 mean DAS28 3.4 [SD 1.4] vs group 4 mean DAS28 4.6 [SD 1.1]).

 Conclusion. These results highlight the importance of identifying and treating aberrant peripheral and 
central pain regulation in patients with RA starting or switching DMARD therapy.

 Key Indexing Terms: disease-modifying antirheumatic drugs, inflammation, pain management, pain percep-
tion, pain thresholds, rheumatoid arthritis
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Pain is a commonly cited symptom for patients with rheuma-
toid arthritis (RA). Disease-modifying antirheumatic drugs 
(DMARDs) reduce RA symptoms1-3; however, with treatment, 
some patients have no or only minimal improvement in pain.3

 Although several studies have examined predictors of disease 
activity, few have been identified. Baseline disease activity, 
measured using the Disease Activity Score in 28 joints (DAS28) 
or Clinical Disease Activity Index (CDAI), is the most consis-
tent predictor of future disease activity.4-8 Other potential 
predictors of DMARD response have been reported, but asso-
ciations have been weak and/or were not consistently replicated 
in independent cohorts.9,10 Measuring disease activity through 
composite scores such as the DAS28 or CDAI may pose a barrier 
to identifying predictors of disease activity, as these scores are 
influenced by pain. Although pain is thought to reflect periph-
eral joint inflammation, pain can result from noninflammatory 
sources, such as dysregulated central nervous system (CNS) 
pain processing, which is unlikely to be treated effectively by 
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DMARDs.11-13 In a recent analysis, we observed that those with 
more abnormalities in endogenous pain modulation were less 
likely to respond well to DMARD therapy, highlighting the 
importance of CNS pain regulation.14

 The objective of this study was to explore the relation-
ship between pain mechanisms and DAS28-measured disease 
activity with DMARD treatment. We used an agnostic approach 
employing regression tree methodology to determine which pain 
mechanisms best discriminated between patients with RA who 
had differing levels of DAS28 disease activity after initiation of a 
new DMARD.

METHODS
Study population. This is a secondary analysis of data from patients with 
RA in the Central Pain in Rheumatoid Arthritis (CPIRA) study.15-17 
CPIRA is a longitudinal study that recruited participants from 5 academic 
medical centers. Participants were required to meet American College of 
Rheumatology (ACR) 2010 criteria for RA.18 All participants had active 
disease, defined by a rheumatologist, necessitating the start of a new 
DMARD. Reasons for exclusion included the following: starting hydroxy-
chloroquine as the new DMARD, switching between DMARDs with the 
same mechanism of action, daily prednisone dose of ≥ 10 mg, regular use 
of opioids, severe Raynaud phenomenon, peripheral neuropathy, severe 
peripheral vascular disease, and/or diagnosis of another autoimmune 
disease. Participants taking medications affecting the CNS (eg, tricyclic 
antidepressants, serotonin norepinephrine reuptake inhibitors, anticonvul-
sants) were required to be on a stable dose for 3 months prior to enroll-
ment. This analysis was restricted to participants with DAS28baseline ≥  2.6 
(active disease) who completed both baseline and follow-up study visits.19 
This study complied with the Declaration of Helsinki, and the institutional 
review boards at all participating sites approved the study (Boston University 
H-32334, Brigham and Women’s Hospital 2013P000951, Johns Hopkins 
University NA_00085841, Northwestern University STU00206528, 
University of Michigan HUM00081289). Written informed consent was 
obtained from all participants.
Participant assessment. The baseline visit was within 1 month prior to starting 
a new DMARD, and the follow-up visit occurred approximately 3 months 
after DMARD initiation. All subjects underwent a physical examination, 
including swollen and tender joint counts (28 joints). Subjects and trained 
assessors provided global assessments of disease activity. Serologic status was 
determined by chart review. Blood was drawn for C-reactive protein (CRP), 
and DAS28-CRP(4) scores were calculated.20 Additional details about the 
CPIRA study have been previously published.17

Quantitative sensory testing. Trained research coordinators assessed partic-
ipants’ pressure pain thresholds (PPTs), temporal summation (TS), and 
conditioned pain modulation (CPM).
Pressure pain thresholds. PPTs were assessed as measures of pain sensi-
tization. PPTs were measured at joint (bilateral wrists and knees) and 
nonjoint (bilateral trapezius muscles and thumbnails) sites in random 
order, using a Wagner Force 10 FDX Algometer (Wagner Instruments). 
The pressure reading (kgf ) that elicited pain was recorded as the PPT, 
and the average of 3 trials for each site was reported. Lower PPTs were 
indicative of greater sensitization. PPTs at joint sites were considered 
combined measures of both peripheral nervous system (PNS) and CNS 
dysregulation, whereas PPTs at nonjoint sites were considered purely 
measures of CNS dysregulation.15,21 These assumptions were based on 
results of a previous study showing that patients with RA (mean DAS28 
2.7) had significantly lower PPTs at joint sites than healthy controls. 
They also had lower PPTs at nonjoint sites, but the magnitude of differ-
ence was smaller and not statistically significant.22 The observation of 
enhanced pain sensitivity at joint sites, beyond what was observed at 

nonjoint sites, was suggestive of peripheral sensitization, even among 
patients with low disease activity.
Temporal summation. TS was assessed as a measure of CNS pain facilita-
tion.21,23 A series of weighted, wire-tipped probes were tapped against the 
skin at the dorsal wrist and mid-forearm. The probe eliciting a pain rating of 
30 to 40 out of 100 was tapped against the skin 10 times as the subject rated 
the pain. TS was calculated as the difference between patient-reported pain 
at the 10th tap and the 1st tap. Larger differences were indicative of greater 
pain facilitation.15,23,24

Conditioned pain modulation. CPM was assessed as a measure of the 
descending endogenous pain pathways.15,25 The PPT at the left trapezius 
was assessed. Participants were then instructed to immerse their right hand 
in a 7 °C water bath for 30 seconds. After 20 seconds, the PPT at the left 
trapezius was assessed while the participant’s hand remained in the cold 
water.26,27 CPM was calculated as the ratio of the PPT during cold water 
submersion to the PPT before cold water submersion. High values reflected 
efficient descending modulation of pain, whereas low values reflected ineffi-
cient descending pain inhibition.15

Statistical analysis. Since the objective of this study was to identify pain 
mechanisms most predictive of disease activity after DMARD treatment, 
we chose DAS28follow-up as the outcome. The DAS28 is a validated measure 
of disease activity commonly used in clinical practice: DAS28 scores ≥ 5.1 
indicate high activity, scores from < 5.1 to ≥ 3.2 indicate moderate disease 
activity, scores < 3.2 to ≥ 2.6 indicate low disease activity, and scores < 2.6 
indicate remission.28 Specific components of the DAS28 (eg, swollen joint 
count [SJC], tender joint count [TJC], patient global assessment [PtGA], 
CRP) were not assessed as outcomes because these components have not 
been validated as individual measures of disease activity. Regression tree 
methodology was used to identify the baseline quantitative sensory testing 
(QST) measures with the strongest relationship to DAS28follow-up, as well as 
the optimal threshold of the selected predictor. Selected predictors mini-
mized regression tree criterion based on the mean squared error. The final 
tree was identified from cross-validation to prune within 1 standard predic-
tion error of the minimum error.29

 Potential predictors included the baseline QST measures and 
DAS28baseline category. Each QST measure was included individually, as 
well as aggregated with other QST measures that reflected similar pain 
concepts. Assessments were only combined if they had the same units of 
measurement. To obtain overall measures of pain sensitization, reflecting 
both peripheral and CNS dysregulation, we calculated 2 measures, the 
sum of PPT wrist + PPT knee, as well as the sum of all PPT measurements. 
To obtain an overall assessment of CNS dysregulation, we calculated the 
sum of PPT thumb + PPT trapezius. To obtain an overall assessment of 
CNS pain facilitation, we calculated the sum of TS forearm + TS wrist. 
DAS28baseline category was also included as a potential predictor because 
it is the only factor that consistently predicts future DAS28 disease 
activity.4-8 Specifically, participants were categorized into the following 
clinically meaningful baseline DAS28 disease activity groups: low (2.6 
≤ DAS28baseline scores < 3.2), moderate (3.2 ≤ DAS28baseline scores < 5.1), 
and high (DAS28baseline scores ≥  5.1).28 The regression tree analysis soft-
ware further grouped together individuals with low and moderate baseline 
DAS28 disease activity and kept those with high baseline DAS28 disease 
activity in their own group.
 Sensitivity analyses evaluated the stability of the findings across age, 
sex, race, RA duration, BMI, and seropositive serology status. A total of 6 
analyses were performed, with each factor entered in a regression tree anal-
ysis, including the QST measures and DAS28baseline category.
 No power calculation was performed given the exploratory nature of 
this study. To our knowledge, no methods have been developed to support 
specific calculations, nor do standards regarding sample size or number of 
predictors exist. Descriptive statistics for demographics and characteris-
tics of the study participants were computed using SAS version 9.4 (SAS 
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Institute). Regression tree analyses were conducted with Salford Predictive 
Modeler software, version 8.0 (Salford Systems).

RESULTS
Participant characteristics. One hundred seventy-six participants 
in the CPIRA study who met inclusion criteria were included. 
Most participants were female (84%). Mean age (SD) devia-
tion was 55.2 (14.6) years (Table  1). Participants had RA, on 
average, for 10.9 (12.9) years, and most were seropositive (75%).  
Fifty-eight percent of participants were adding an addi-
tional DMARD to their treatment or switching to a different 
DMARD. Of those switching DMARDs (n  =  51), 29% 
were previously on a tumor necrosis factor inhibitor (TNFi). 
Fourteen percent were previously on abatacept (ABA), and 10% 
were previously on methotrexate (MTX). Other less commonly 
used DMARDs included leflunomide (LEF: 8%), tocilizumab 
(TCZ; 8%), tofacitinib (TOF; 6%), and sulfasalazine (SSZ; 
6%). Of all participants starting a DMARD (n = 176), 36% were 
starting MTX. Thirty percent were starting a TNFi, and 11% 
were starting ABA. Other less commonly started DMARDs 
included TCZ (7%), TOF (7%), rituximab (4%), LEF (3%), 
and SSZ (1%). Forty-five percent were taking glucocorticoids at 
baseline.

Regression tree analysis. We identified 4 groups with differing 
levels of follow-up DAS28 disease activity (Figure  1). These 
groups were defined by DAS28baseline category and either knee 
PPT or CPM. Among patients starting with low/moderate base-
line DAS28 disease activity, knee PPT > 4.65 kgf, indicative of 
less pain sensitization, most strongly predicted lower posttreat-
ment DAS28 disease activity (group 1 DAS28follow-up mean [SD] 
2.8 [1.0] vs group 2 DAS28follow-up 3.5 [1.0]). Among patients 
starting with high baseline DAS28 disease activity, CPM > 1.55 
(indicative of efficient descending pain modulation) most 
strongly predicted lower posttreatment DAS28 disease activity 
(group 3 DAS28follow-up 3.4 [1.4] vs group 4 DAS28follow-up 4.6 
[1.1]).
 Group 1 (n = 67) had low/moderate baseline DAS28 disease 
activity and baseline knee PPTs > 4.65 kgf, consistent with low 
overall pain sensitization. This group also had the highest base-
line PPTs and lowest baseline TS for all tested sites (Table 2). 
Mean (SD) baseline CPM was 1.37 (0.35), which was lower 
than mean baseline CPM levels for groups 2 and 3. This group 
also had the lowest levels of patient-reported pain intensity at 
baseline (Table  2). At follow-up, this group had the lowest 
DAS28 disease activity (mean DAS28follow-up 2.8 [1.0]), with 
25% of this group meeting the established DAS28 definition of 
low disease activity (2.6 ≤ DAS28follow-up scores < 3.2) and 48% 
meeting definition of remission (DAS28follow-up < 2.6; Figure 2). 
PtGA decreased by 1.47 (2.28), TJC decreased by 3.04 (5.40), 
and SJC decreased by 1.60 (3.34).
 Group 2 (n  =  53) had low/moderate baseline DAS28 
disease activity and baseline knee PPTs ≤ 4.65 kgf. This group 
had low baseline PPTs at all sites tested, consistent with pain 
sensitization due to PNS and CNS dysregulation (Table  2). 
These individuals also had high baseline TS, reflective of CNS 
pain facilitation. Baseline CPM was moderate (CPM  1.42 
[SD  0.28]), indicating some induction of endogenous pain 
inhibition. Baseline patient-reported pain intensity was 
moderate. At follow-up, group 2 had moderate DAS28 disease 
activity (mean DAS28follow-up 3.5 [1.0]). PtGA decreased by 1.15 

Table 1. Baseline characteristics.

                                                                                           N = 176

Female sex 148 (84)
Age, yrs, mean (SD) 55.2 (14.6)
White racea 131 (75)
BMIb, mean (SD)  28.9 (6.9)
RA disease durationc, yrs, mean (SD) 10.9 (12.9)
Seropositived 131 (75)
On DMARD therapy 102 (58)

Values are n (%) unless indicated otherwise. a n = 174. b  BMI calculated 
as weight in kilograms divided by height in meters squared. c n = 173.  
d n = 175. DMARD: disease-modifying antirheumatic drug; RA: rheuma-
toid arthritis.

Figure 1. Regression tree of predictors of disease activity after DMARD treatment. DAS28baseline 
categories were defined based on the clinically defined categories of DAS28 score: low (2.6 ≤ 
DAS28baseline scores < 3.2), moderate (3.2 ≤ DAS28baseline scores < 5.1), and high (DAS28baseline 
scores ≥ 5.1).28 The outcome of DAS28-CRP shown in the bottom row of boxes was assessed 
as a continuous variable. CRP: C-reactive protein; DMARD: disease-modifying antirheumatic 
drug; DAS28: Disease Activity Score in 28 joints.
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(2.77), TJC decreased by 3.81 (5.20), and SJC decreased by 
1.40 (3.62).
 Group 3 (n = 15) had high baseline DAS28 disease activity 
and baseline CPM > 1.55. At baseline, this group had low PPTs 
at all sites, which may reflect pain sensitization due to PNS and 
CNS dysregulation (Table 2). Baseline TS was high, consis-
tent with pain facilitation. As baseline CPM was used to define 
this group, all patients had high CPM ratios (mean CPM 1.97 
[SD  0.52]), suggesting activation of endogenous pain inhib-
itory pathways. Baseline patient-reported pain intensity was 

moderate. At follow-up, group 3 had moderate DAS28 disease 
activity (mean DAS28follow-up 3.4 [1.4]), which corresponded to 
the greatest improvement in DAS28 of all 4 groups (Figure 2). 
This improvement was characterized by large decreases in PtGA 
(mean decrease of 2.49 [3.61]), TJC (mean decrease of 15.8 
[9.02]), and SJC (mean decrease of 4.67 [4.42]).
 Group 4 (n = 41) had high baseline DAS28 disease activity 
and baseline CPM ≤  1.55. Baseline PPTs were low across all 
tested sites (Table 2), indicating pain sensitization due to PNS 
and CNS dysregulation. Baseline TS at the wrist (mean TS 

Table 2. QST measures and pain intensity at baseline for groups identified by regression tree analysis (N = 176).*

  Group 1 Group 2 Group 3 Group 4
  Low/Moderate Disease Activity  Low/Moderate Disease Activity High Disease Activity  High Disease Activity 
  (PPT Knee > 4.65),   (PPT Knee ≤ 4.65), (CPM > 1.55), (CPM ≤ 1.55),
  n = 67  n = 53 n = 15 n = 41

QST Measures    
 PPT knee 7.54 (1.99) 3.09 (1.05) 3.48 (2.70) 3.79 (1.87) 
 PPT wrist 3.93 (1.37) 2.04 (0.92) 1.93 (1.19) 2.29 (1.20)
 PPT trapezius 3.70 (1.39) 1.99 (0.92) 1.94 (1.25) 2.25 (1.11)
 PPT thumb 4.62 (1.77) 2.69 (1.37) 3.09 (1.75) 2.86 (1.18)
 TS wrist 11.31 (14.93) 16.84 (14.01) 13.82 (12.34) 14.48 (16.19)
 TS forearm 9.11 (12.52) 15.82 (15.84) 13.57 (12.69) 16.46 (14.72)
 CPM 1.37 (0.35) 1.42 (0.28) 1.97 (0.52) 1.24 (0.18)
Patient-reported pain intensity, 
 NRS (0-10) 4.27 (1.97) 5.75 (1.75) 6.21 (2.19) 6.73 (2.20)

Values are expressed as mean (SD). Best values are indicated in bold. * PPT knee: n = 175, TS wrist: n = 174, TS arm: n = 173, CPM: n = 173. CPM: condi-
tioned pain modulation; NRS: numerical rating scale; QST: quantitative sensory testing; PPT: pressure pain threshold; TS: temporal summation.

Figure 2. DAS28 at baseline and 3-months follow-up by groups identified by regression tree analysis. Group 1 = low/moderate 
DAS28baseline (DAS28 < 5.1) with baseline knee PPT > 4.65. Group 2 = low/moderate DAS28baseline (DAS28 < 5.1) with baseline 
knee PPT ≤ 4.65. Group 3 = high DAS28baseline (DAS28 ≥ 5.1) with baseline CPM > 1.55. Group 4 = high DAS28baseline (DAS28 
≥ 5.1) with baseline CPM ≤ 1.55. CPM: conditioned pain modulation; DAS28: Disease Activity Score in 28 joints; PPT: pressure 
pain threshold.
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14.48 [16.19]) and forearm (mean TS 16.46 [SD 14.72]) were 
high, indicating high levels of pain facilitation. Low baseline 
CPM (mean CPM 1.24 [0.18]) was indicative of inefficient pain 
inhibition. This group had the highest levels of patient-reported 
pain intensity at baseline. At follow-up, group 4 had the highest 
mean DAS28 disease activity (mean DAS28follow-up 4.6 [1.1]). 
Although disease activity improved with DMARD treatment 
(Figure 2), improvement was less than seen in group 3, despite 
similar baseline DAS28 scores. PtGA decreased by 1.51 (2.35), 
TJC decreased by 5.54 (7.23), and SJC decreased by 5.63 (7.68).
 All sensitivity analyses produced the same tree except for the 
BMI analysis, which produced an abbreviated tree.

DISCUSSION
We applied exploratory regression tree methodology to examine 
the relationship between baseline pain mechanisms and DAS28 
following DMARD treatment. This paper is impactful and novel 
because the data pointed toward knee PPT being an important 
predictive factor among patients starting with low/moderate 
disease activity, which was not something that we had previously 
hypothesized or reported. In addition, we found that among 
patients with high baseline DAS28 disease activity, low CPM—
an indicator of inefficient descending pain modulation—was the 
strongest predictor of higher DAS28follow-up.
 The observation that a lower knee PPT predicts higher 
DAS28follow-up highlights the effect of pain sensitivity on treat-
ment response. Knee PPT was a more influential predictor 
of DAS28follow-up than thumbnail or trapezius PPT, both of 
which are considered purely measures of CNS pain regulation. 
Although knee PPT is classically considered a measure of periph-
eral sensitization in patients with joint disease, it likely captures 
both peripheral and central processes because CNS regulatory 
mechanisms affect pain sensitivity in a widespread distribution. 
These results suggest that peripheral sensitization provides an 
added contribution to the prediction of DAS28follow-up, beyond 
what is provided by measures of CNS pain regulation alone.
 Peripheral sensitization may be linked to future disease 
activity via multiple pathways. First, peripheral sensitization 
may be an early step toward dysregulated CNS pain processing 
and, ultimately, chronic pain. During peripheral sensitization, an 
increase in chemical mediators and neuronal remodeling leads to 
increased signaling to the spinal cord. This increase in nociceptor 
afferent input results in expansion of neuronal networks, which 
may lead to central sensitization.30,31 Second, peripheral sensiti-
zation may serve as a proxy for more severe inflammatory disease, 
which is less responsive to DMARDs, or other peripheral pain 
conditions (eg, other joint disease such as osteoarthritis), which 
are not treated by DMARDs. For example, in a study of 1111 
participants in the Multicenter Osteoarthritis Study (MOST), 
synovitis and effusion were associated with peripheral sensi-
tization in participants with or at risk for knee OA.32 Others 
have similarly found associations between PPTs at the knee and 
severity of pain in patients with OA.33,34

 Our study also identified inefficient CPM as a predictor of 
higher RA DAS28 following treatment initiation among those 
with high baseline DAS28. This finding is similar to results 

from previous analyses using data from the same cohort but a 
different analytical approach (hypothesis testing with prespec-
ified predictors).14 The important distinction is that this study, 
using a data-driven approach, found that baseline DAS28 was 
an effect modifier of the relationship between CPM and future 
disease activity. CPM was not as important of a predictor among 
patients with low to moderate baseline DAS28. The role of base-
line DAS28 as an effect modifier is consistent with a pathway 
in which joint inflammation may serve as a conditioning stim-
ulus, activating the descending inhibitory pain mechanisms 
before participants even place their hands in the cold water bath. 
Thus, the observed response to the experimental conditioning 
stimulus (ie, cold water) may reflect additional descending pain 
inhibition capacity in the setting of an already activated system. 
These findings suggest that, for patients with chronic pain condi-
tions (eg, RA), there may be greater value in assessing and under-
standing the capacity for additional activation of the descending 
pain modulatory pathways at times of stress (eg, high disease 
activity), rather than assessing and understanding the magnitude 
of CPM when the system is less stressed (eg, low disease activity).
 The efficiency of the descending pain modulatory pathways 
is largely thought to be innate. Small studies have suggested that 
genetic polymorphisms in the serotonin transporter (SLC6A4) 
and mu opioid receptor (OPRM1) genes may be associated 
with the efficiency of CPM.35,36 Patients with impairments in 
descending pain modulation may benefit from medications that 
alter these pathways. For example, the serotonin-norepinephrine 
reuptake inhibitor (SNRI) duloxetine, and the combination 
SNRI and opioid agent, tapentadol, improved CPM in patients 
with diabetic neuropathy and inefficient pain modulation.25,37,38

 Strengths of this study include the use of regression tree 
analysis to explore multidimensional subgroups and the use of 
well-accepted QST modalities and protocols to assess different 
types of pain dysregulation. In particular, we would like to 
emphasize the strengths that enable the current analyses to 
provide important information above and beyond our previous 
analyses showing associations between CPM and treatment 
response.14 First, whereas our previous analysis was hypothe-
sis-driven, here we used a data-driven approach to identify the 
most important predictors of disease activity. As a result, we 
were not constrained by preconceived ideas of what should be 
associated with future disease activity, enabling us to identify, 
for the first time, that QST measures have differing predictive 
value depending on baseline disease activity. Second, the use 
of regression tree methodology allowed us to identify specific 
cutpoints for the QST measures that best differentiated partic-
ipants who have lower vs higher disease activity after 3 months 
of DMARD treatment. These results move the field forward by 
(1) emphasizing the need to incorporate baseline disease activity 
as an effect modifier of the relationship between pain regulatory 
mechanisms and future disease activity, and (2) providing a sense 
for the QST thresholds that yield the most value for predicting 
future disease activity.
 Limitations of this study include the generalizability of the 
results given the relatively homogeneous study population (ie, 
White women with long disease duration). Since this was an 
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established disease population, some participants may also have 
joint damage, in addition to inflammation, contributing to pain. 
These results have not yet been replicated in a separate cohort, 
and future studies are needed to validate these findings in similar 
and more diverse cohorts. Additionally, we did not ask specifi-
cally about CNS drugs or DMARD usage prior to 6 weeks before 
study baseline. Other limitations were the absence of a control 
group who did not initiate DMARD therapy and the small size 
of group 3. Additionally, all QST measures are psychophysical 
measures, which are, at best, indirect measures of actual pain 
mechanisms. While we believe that knee PPT is a reasonable 
proxy for PNS and CNS dysregulation, it certainly may reflect 
other processes. In addition, although thumbnail was considered 
a nonjoint site, the measurement of PPT at the thumbnail could 
have been contaminated by joint inflammation, as it is close to 
the interphalangeal joint, which may be affected by RA.
 In conclusion, as we move toward a precision-medicine based 
approach to managing complex, multifaceted outcomes (eg, 
pain), it is becoming increasingly critical to phenotype patients 
in a comprehensive manner. In this study, we demonstrated that 
measures of pain processing, evaluated by QST, are predictive 
of disease activity following initiation of DMARD treatment. 
Specifically, low knee PPT, indicative of pain sensitization due 
to both PNS and CNS dysregulation, was most predictive of 
DAS28 in response to DMARD treatment in patients with 
low or moderate pretreatment disease activity. In contrast, low 
CPM was most predictive of DAS28 after DMARD treatment 
in individuals with high pretreatment disease activity. These 
results indicate that, in the research setting, QST can identify 
specific pain pathways associated with poor treatment outcomes. 
Although QST would be challenging to implement in a busy 
clinical practice, these results are still impactful because they 
provide proof-of-concept that PNS and CNS dysregulation 
affect treatment outcomes. In addition, they highlight the need 
for a research agenda that includes the development of rigorous 
and reproducible biomarkers that can be used in the clinical 
setting to identify pain pathways in patients with systemic auto-
immune conditions such as RA.
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