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Abstract

Race and ethnicity shape the experience of pain in adults, with African Americans typically 

exhibiting greater pain intensity and evoked pain responsiveness than Non-Hispanic Whites. 

However, it remains unclear whether there are racial differences in conditioned pain modulation 

(CPM) and if these are present in youth. CPM refers to a reduction in perceived pain intensity for 

a test stimulus during application of a conditioning stimulus and may be especially relevant in 

determining risk for chronic pain. The present study assessed CPM to evoked thermal pain in 78 

healthy youth (ages 10 to 17), 51% of whom were African American and 49% were Non-Hispanic 

White. African-American youth reported lower mean conditioning pain ratings than Non-Hispanic 

White youth, controlling for mean pre-conditioning pain ratings, which is consistent with stronger 

CPM. Multilevel models demonstrated stronger CPM effects in African-American than Non-

Hispanic White youth, as evident in more rapid within-person decreases in pain ratings during the 

conditioning phase. These findings suggest that diminished CPM likely does not account for the 

enhanced responsiveness to evoked thermal pain observed in African-American youth. These 

results may have implications for understanding racial differences in chronic pain experience in 

adulthood.
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Perspective—This study evaluated conditioned pain modulation to evoked thermal pain in 

African-American and Non-Hispanic White youth. Findings could have implications for the 

development of personalized chronic pain treatment strategies that are informed by race and 

ethnicity.
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Race and ethnicity shape the experience of pain in both clinical and experimental settings. 

African-American adults report greater pain unpleasantness [47] and pain intensity [13] as 

well as greater evoked pain responsiveness than Non-Hispanic Whites [42]. However, the 

mechanisms contributing to a higher prevalence of chronic pain in African Americans 

compared to Non-Hispanic Whites [39] remain unclear. Responses to experimental pain 

stimuli distinguish certain clinical pain populations from healthy controls, correlate with 

changes in clinical pain, and could reflect preexisting risk markers for the onset of chronic 

pain [17]. The present study sought to determine whether racial differences in descending 

pain inhibition are present in youth without chronic pain.

Conditioned pain modulation (CPM), also called diffuse noxious inhibitory controls or “pain 

inhibits pain,” refers to a reduction in perceived pain intensity for a test stimulus during 

application of a conditioning stimulus to a remote area of the body. Diminished CPM is 

believed to reflect dysfunction of descending endogenous pain modulatory systems [55] and 

has been observed in individuals with fibromyalgia [25,27], irritable bowel syndrome 

[24,60], temporomandibular disorder [24], and in chronic headache [38]. In addition, 

diminished CPM in healthy individuals has been linked to increased bodily pain and poorer 

physical functioning [16]. Hence, diminished CPM has been investigated as a potential 

mechanism, or a biomarker, of risk for developing chronic pain [55,61].

A recent review of racial differences in evoked pain responses highlighted a paucity of 

studies examining CPM [42]. Although diminished CPM was reported in African Americans 

compared with Non-Hispanic Whites in one study of healthy adults [5], other studies 

reported no racial differences in CPM in healthy young adults [19] or in middle-aged and 

older adults [45]. A study of older adults with knee osteoarthritis found significant racial 

differences in CPM, such that Non-Hispanic Whites did not evince CPM and African-

Americans reported higher pain ratings during application of the conditioning stimulus, 

which is consistent with pain facilitation [10]. These inconsistencies suggest that it is 

premature to draw firm conclusions regarding the existence of racial differences in CPM. A 

second gap in the literature is that few evoked pain studies have been conducted in healthy 

youth [2,31,36]. One study found that African-American youth reported lower evoked pain 

intensity than Non-Hispanic White youth [31], and we have recently reported diminished 

temporal summation of second pain in African-American compared to Non-Hispanic White 

youth [37]. To our knowledge, whether racial differences in CPM are present in youth 

without chronic pain has not been examined.

A prospective study of pain-free individuals revealed that diminished CPM measured pre-

operatively predicted increased risk for developing chronic post-operative pain [63]; this 
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finding suggests that individual differences in CPM efficiency could help to identify those at 

risk for developing chronic pain. If healthy African-American youth demonstrate impaired 

CPM relative to Non-Hispanic White youth, this might suggest that racial differences in pain 

responsiveness emerge relatively early in life and may be linked to differences in descending 

endogenous pain inhibitory systems and predict differential risk for developing chronic pain 

in the future. Given prior work showing greater evoked pain responsiveness in African 

Americans compared to Non-Hispanic Whites, our primary hypothesis in the current cross-

sectional study was that African-American youth would exhibit diminished CPM compared 

to Non-Hispanic White youth.

Method

Participants

Participants were recruited from the Adolescent and Young Adult Health Clinic at the 

Monroe Carrell Jr. Children’s Hospital at Vanderbilt University and from a research 

recruitment website through the Vanderbilt Kennedy Center. The Adolescent and Young 

Adult Clinic provides primary care for youth living in Metropolitan Nashville and 

surrounding counties, including routine annual physical examinations. Study procedures 

were approved by the Meharry Medical College and Vanderbilt University Institutional 

Review Boards. All subjects and their parents provided written informed assent and consent, 

respectively, prior to beginning study procedures.

Exclusion criteria were as follows: chronic pain (defined as daily clinical pain ≥ three 

months in duration), use of prescription opioid analgesics, learning difficulties requiring 

full-time special education services, sunburn or painful dermatological conditions at the time 

of the laboratory assessment, and pregnancy. All females who reported having had 

menarche provided urine samples for a pregnancy test prior to the pain-testing protocol (no 

female participants were excluded due to pregnancy).

Measures

Demographic Information—Participants provided information on age, sex and race by 

self-report.

Pubertal maturation—Tanner staging was conducted based on pictorial representations 

of genital/breast development provided by youth self-report [32,33]. Tanner stages 1 and 2 

reflect development up to the onset of puberty and Tanner stages 3 to 5 reflect post-pubertal 

development. A dichotomous score was derived for each participant (stages 1 or 2 = 0; 

stages 3 to 5 = 1). Menarchal status of females was determined by self-report.

Socioeconomic status (SES)—SES was calculated using the Hollingshead four-factor 

index (Hollingshead, 1975), which is a composite of parents’ education and occupation.

Somatic symptoms—The Children’s Somatization Inventory revised form (CSI) [56] 

was used to determine the perceived severity of somatic symptoms (e.g., headache, 

dizziness, nausea, back pain) in the past two weeks. Participants reported how much they 

were bothered by 24 somatic symptoms on a 5-point scale ranging from “not at all” (0) to “a 
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whole lot” (4). Items were summed and total scores ranged between 0 and 96. In this 

sample, coefficient alpha for the CSI was .84.

Pain catastrophizing—The Pain Catastrophizing Scale for Children (PCS-C) [9,51] is a 

13-item self-report questionnaire assessing the degree to which youth catastrophize about 

their pain (0 = not at all; 4 = very much). Items were summed and total scores ranged 

between 0 and 52, with higher scores indicating greater catastrophizing. In this sample, 

coefficient alpha for the PCS-C was .90.

Functional disability—The Functional Disability Inventory (FDI) [7,58] was used to 

determine the perceived impact of general physical health on psychosocial and physical 

functioning. Participants reported the degree of difficulty they would have performing 15 

specific activities due to their physical health on a 5-point scale ranging from 0 to 4. Items 

were summed and total scores ranged between 0 and 60 (higher scores indicate greater 

disability). In this sample, coefficient alpha for the FDI was .91.

Anxiety and depressive symptoms—The short form PROMIS depressive and anxiety 

symptom scales were used to determine the severity of depressive and anxiety symptoms in 

the past week [22]. Participants reported how frequently they experienced 8 anxiety and 8 

depressive symptoms on 5-point scales ranging from “never” (0) to “almost always” (5). 

Items were summed and total scores could range from 0 to 32 for each scale. In this sample, 

coefficient alphas were .79 and .92 for the PROMIS anxiety and depressive symptoms 

scales, respectively.

Pain Testing Procedures

The ‘test stimulus’ for the CPM thermal pain protocol was a thermal pain stimulus delivered 

by a thermode (30 × 30 mm) applied to the ventral forearm of the participant’s non-

dominant arm and administered via a computerized Medoc TSA-II Neurosensory Analyzer 

using commercially available software (TPS-CoVAS version 3.19, Medoc Inc., Ramat 

Yishay, Israel). The ‘conditioning stimulus’ for the CPM protocol was a Boekel General 

Purpose Water Bath (Boekel Scientific, Feasterville, PA) maintained at a steady temperature 

of 46.5°C in accordance with previously-established guidelines [63]. Perceived pain 

intensity was rated by participants on a 0 to 10 scale (0 = “no pain” and 10 = “worst 

imaginable pain”). First, for each participant, the thermode temperature eliciting a pain 

rating between 5 and 7 was determined (hereafter referred to as “P-6”). To determine the P-6 

temperature, the thermode was applied to the non-dominant ventral forearm in sequences of 

15 second pulses at 45 °C, 46 °C, and 47 °C, and at additional lower or high temperatures as 

warranted until the P-6 was identified. Then, after the thermode was moved to a non-

overlapping location on the non-dominant ventral forearm, three pre-conditioning pain 

ratings in response to the forearm thermal test stimulus at the P-6 temperature applied 

continuously for a 30-second period were obtained at 10 second intervals. Next, participants 

took a 10-minute break from the pain testing protocol and completed height and weight 

measurements. After the break, participants immersed their dominant hand in the hot water 

bath (conditioning stimulus) for 60 seconds. During this immersion, participants provided 

three water bath pain ratings at 0, 10 and 20 seconds. At 30 seconds, a single 30 second heat 
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pulse at the P-6 temperature (test stimulus) was applied to the non-dominant arm with the 

thermode and participants provided three conditioning pain ratings at 40, 50 and 60 seconds.

Data Analytic Plan

Changes from average pre-conditioning pain rating to average conditioning pain rating in 

the overall sample was examined using paired-samples t tests in SPSS 22 for Windows 

(SPSS Inc. Headquarters, Chicago, Illinois, USA). Next, racial differences in mean 

conditioning pain ratings controlling for mean pre-conditioning pain ratings (i.e., baseline 

corrected change) were examined using analysis of covariance (ANCOVA). Power in the 

present study to detect racial differences in mean conditioning pain ratings was 0.71. 

Finally, based on descriptive evidence in the sample for steadily declining pain ratings 

across the three conditioning ratings and potentially important individual differences in 

patterns of change during CPM procedures, we conducted exploratory analyses to examine 

within-individual changes in pain ratings from mean pre-conditioning baseline across the 

three conditioning trials. A series of multilevel models (MLM) were specified using 

hierarchical linear models (HLM 6) [43] consisting of a within-person (i.e., level-1) sub-

model describing how each individual’s pain ratings changed over successive trials, and a 

between-person (i.e., level-2) sub-model describing how these changes varied across 

individuals [4,49].

The Level 1 model was as follows:

The Level 2 model was as follows:

In this equation, Painti indicates the numerical pain rating (0 to 10) at trial t for person i, 

Trial denotes the pain rating (baseline, conditioning 1-3), and Race denotes African-

American (0) or Non-Hispanic White (1). Of primary interest was the interaction between 

race and trial (β11). Normality assumptions were checked using a Q-Q plot of residuals.

Results

Information on demographic and clinical features, and pain responses for the two groups is 

provided in Table 1. The sample was relatively balanced in terms of both race, and gender, 

consisting of 20 African-American males (26%), 20 African-American females (26%), 18 

Non-Hispanic White males (22%), and 20 Non-Hispanic White females (26%). No racial 

differences were observed in sex distribution, age, menarchal status, pubertal status, somatic 

symptoms, pain catastrophizing, functional disability due to physical health, anxiety 

symptoms, or depressive symptoms (Table 1). P-6 temperatures were significantly lower for 

African-American than Non-Hispanic White youth, suggesting greater evoked pain 

sensitivity in the former group.
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Four participants (1 African American, 3 Non-Hispanic Whites) were excluded from CPM 

analyses due to equipment failure (n = 1) and request to discontinue the task because these 

participants indicated the water temperature itself was intolerable (n = 3). These four 

participants did not differ significantly from the remaining sample on any of the 

demographic or clinical features. Preliminary MLM analyses revealed that none of the 

following predictors were associated with changes in pain ratings across trials: age (p > .10); 

the age X race interaction (p > .10); sex (p > .30); the sex X race interaction (p > .30); pain 

catastrophizing (p > .10); and functional disability (p > .08). However, child somatization 

was associated with changes in pain ratings as indicated by a significant somatization X trial 

interaction (b = .18, SE = .07, p = .01). Simple slope analyses revealed that pain ratings 

declined for youth with lower (− 1 SD) somatization scores (b = −.46, SE = .10, p < .01), 

consistent with a CPM effect, but did not change significantly for youth with higher (+ 1 

SD) somatization scores (b = .08, SE = .29, p = .78). Including somatization scores as 

predictors of intercept and slope parameters in subsequent MLM analyses did not 

significantly alter findings reported below for race effects.

Race and Conditioned Pain Modulation

In the overall sample, participants’ average conditioning pain rating declined significantly 

from their average pre-conditioning pain rating (mean pre-conditioning = 5.9; mean 

conditioning = 4.8; t = 5.4, p < .01). African-American and Non-Hispanic White youth did 

not differ in their average pre-conditioning pain ratings (t = 1.8, p = .07), but African 

Americans reported lower average conditioning pain ratings than Non-Hispanic Whites (t = 

2.4, p = .02) (Figure 1). ANCOVA revealed that race was significantly associated with mean 

conditioning pain ratings after controlling for mean pre-conditioning pain ratings [F = 4.0, p 

= .049], which is consistent with a stronger CPM effect in African-American than Non-

Hispanic White youth.

MLM analyses examined whether race influenced within-person changes in pain ratings 

from baseline (average pre-conditioning rating) across the three conditioning trials. The race 

X trial interaction was significant (b = .33, SE = .13, p = .02) (Figure 2). Simple slope 

analyses revealed that pain ratings declined more rapidly for African-American youth (b = 

−.80, SE = .09, p < .01) than for Non-Hispanic White youth (b = −.47, SE = .10, p < .01). 

Thus, CPM effects were observed in both racial groups but were elicited more strongly and 

rapidly for African-American youth.

Discussion

African-American adults report greater chronic pain intensity and pain-related disability as 

well as lower tolerance for evoked noxious stimuli compared to Non-Hispanic White adults 

with comparable pain conditions [13]. Moreover, African-American adults without chronic 

pain exhibit greater sensitivity to evoked pain than Non-Hispanic White adults, though the 

magnitude of racial differences varies across stimulus modalities [42]. Diminished CPM, 

which is thought to reflect dysfunction of descending endogenous pain modulatory systems 

[55], has been proposed as a risk factor for chronic pain [63]. The present study sought to 

determine whether African-American and Non-Hispanic White youth without chronic pain 
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differed in their CPM efficiency. Diminished CPM is found in many 

[6,14,21,25,27,38,40,60] - but not all [28,29] – chronic pain conditions. Contrary to our 

hypothesis, African-American youth demonstrated enhanced CPM compared to Non-

Hispanic White youth. Weaker CPM in Non-Hispanic White youth could not be explained 

by lower pre-conditioning pain ratings (i.e., a floor effect), nor could it be explained by other 

factors that have received attention as potential moderators of CPM effects, including sex 

differences, age, pubertal or menarchal status, SES, somatic symptoms, pain catastrophizing, 

pain-related functional disability, and symptoms of anxiety or depression [55]. Of note, 

CPM effects were found for youth with lower – but not higher – somatization scores. If 

racial differences in CPM were found to endure into adulthood, they would suggest that 

greater pain unpleasantness and pain severity reported by African-American adults [13,47] 

cannot be attributed to impaired CPM efficiency.

The present findings are consistent with one previous study demonstrating CPM (but no sex 

differences) in children and adolescents [53]. Overall, youth exhibited a 17% reduction in 

mean pain ratings during the conditioning phase, which is somewhat lower than the median 

CPM reduction of 29% reported by a review of studies conducted with healthy young adults 

[41]. This study adds to a nascent literature on racial differences in CPM. Whereas two 

studies of healthy adults did not find racial differences in CPM [19,45], a third study 

reported diminished CPM in African-American compared with Non-Hispanic White adults 

[5]. Reconciling discrepancies between these studies of race and CPM is difficult due to 

varying methodologies: conditioning stimuli included cold pressor tasks [19,45] and 

ischemic pain [5], and test stimuli included electrical pain [5], pressure pain [19] and 

thermal pain [45]. At least two possible explanations for these discrepancies highlight 

directions for future research. First, maturational changes of endogenous pain modulatory 

systems could impact studies examining racial differences in CPM. The strength of CPM 

appears to increase from childhood to adolescence [53] and begins to decline by middle age 

[15,26,46,59]. Greater variability in CPM responses in youth compared to older adults, when 

CPM effects may become muted by age-related declines in pain inhibition [45], could affect 

detection of racial differences.

A second possible explanation for discrepancies in this literature stems from our observation 

that commonly-used mean pain ratings derived from multiple test stimuli administrations 

[19,30] could mask increases in CPM during the conditioning phase. Temporal changes in 

CPM during thermal pain have been previously reported for middle-age adults with chronic 

fatigue syndrome and healthy controls: whereas healthy controls exhibited CPM effects after 

a 15-second immersion in hot water (46 °C), patients with chronic fatigue syndrome only 

exhibited CPM effects after a 2-minute immersion [35]. In addition, increases in CPM 

effects during conditioning in healthy individuals were reported in a study using a carbon 

dioxide laser pain test stimulus and thermal conditioning stimulus [23] and in a study using a 

pressure pain test stimulus and an ischemic pain conditioning stimulus [54]. However, 

excellent reliability of repeated pressure pain assessments during conditioning (intra-class 

coefficients ≥ .80) has also been reported, supporting the use of mean conditioning pain 

ratings [19]. The present study demonstrated significant decreases in test stimulus pain 

ratings over a 30-second hot water bath immersion, with more rapid decreases observed for 
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African-American than Non-Hispanic White youth. Future studies examining racial 

differences in CPM effects may benefit from adopting a methodological approach that 

permits modeling of within-person changes in pain ratings during the conditioning phase.

Yarnitsky has argued that a pro-nociceptive pain modulation profile could be “expressed by 

either decreased inhibition or enhanced summation, or both” [61]. If findings from our 

research group showing enhanced CPM and decreased temporal summation of second pain 

in African-American youth [37] are replicated by others, an intriguing possibility emerges: 

that African-American youth display an anti-nociceptive pain modulation profile. Such a 

profile conflicts with evidence of enhanced evoked pain responsiveness and greater clinical 

pain severity in African-American adults compared to Non-Hispanic White adults [13]. In 

addition, the absence of racial differences in somatic symptoms or pain-related functional 

disability in the current sample is somewhat surprising given evidence that experimental 

pain responses and clinical pain are often linked in healthy individuals [14]. We are unaware 

of epidemiological studies investigating racial differences in rates of chronic pain conditions 

in children or adolescents, though one large study of adolescents (n = 6,072) reported higher 

prevalence of recurrent headaches (> once per week) in white (32.1%) compared to African-

American adolescents (24.3%) [44], and another study of adolescent girls (n = 8,370) 

reported no racial differences in headache or backache but greater frequency of 

stomachaches occurring more than once per week in Non-Hispanic African-American girls 

compared to other racial groups [18]. Given evidence that diminished pre-operative CPM 

predicted greater post-operative pain in adults [63], prospective studies of healthy youth are 

needed to determine whether racial differences in evoked pain responses – particularly CPM 

- predict different trajectories of pain experiences across the transition into adulthood.

Limitations of the present study provide directions for future research. First, despite 

excellent reviews on methodological factors associated with - and clinical relevance of - 

CPM assessment [41,55,61], there is still no clear consensus on optimal methods for 

assessing and operationalizing CPM. Though the present study protocol is partially in line 

with recent recommendations [62], we were not able to seek replication of results across two 

types of test stimuli (e.g., thermal and mechanical). Second, it is unclear whether racial 

differences in CPM observed in the present sample of adolescents reporting low levels of 

somatic symptoms and functional disability would extend to youth with chronic pain. Third, 

this study was cross-sectional; prospective studies following youth into emerging adulthood 

will be necessary to determine whether age and race interact to determine CPM, and to 

bridge the child and adult experimental pain literature. Fourth, the present study did not 

assess chronic stress levels or stress response system activity, which have been linked to the 

development of chronic pain [52] and could impact endogenous pain modulatory systems. 

African-American youth report higher levels of chronic stress than Non-Hispanic White 

youth [1,3] and exhibit altered diurnal cortisol rhythm [8,12,34,50]. Of note, recent evidence 

suggests that a history of moderate adversity may be associated with greater resilience to 

pain, as evident in lower pain intensity ratings during a cold pressor task [48]. Although 

African-American youth in the current study exhibited greater evoked pain sensitivity (lower 

P6 temperatures), contrary to these previously described adversity effects, they nonetheless 

did display greater endogenous pain inhibition (CPM) consistent with increased pain 
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resilience. Future studies should investigate whether stress, basal hypothalamic-pituitary-

adrenal (HPA) activity and/or HPA reactivity to evoked pain can account, in part, for racial 

differences in CPM and their links to chronic pain over time. Fifth, racial differences in 

CPM may be shaped by sociocultural factors not assessed in the present study, including 

attitudes toward – and experiences within - healthcare settings. For example, African 

Americans report greater financial difficulties associated with chronic pain, more doubt that 

their pain can be effectively managed with medication, and stronger beliefs that their 

ethnicity/race affects healthcare access and pain management than Non-Hispanic Whites 

[20]. Finally, the present study did not include a control condition for the conditioning 

stimulus and therefore cannot distinguish whether racial differences in repeated pain ratings 

were due to a CPM effect or habituation.

Despite these limitations, the current study adds to a growing literature on evoked pain 

responses in youth by demonstrating enhanced CPM in African Americans compared to 

Non-Hispanic Whites. These findings underscore the importance of dynamic pain 

assessment modalities such as temporal summation and CPM, particularly in light of recent 

prospective evidence showing that CPM – but not static pain assessments such as pain 

threshold – predicted subsequent onset of chronic pain [63]. Early identification of youth at 

risk for chronic pain is critical given that pain experiences in youth are known to increase 

the likelihood of developing chronic pain in adulthood [11,57]. The present findings suggest 

that racial differences in CPM should be considered when developing pain susceptibility 

profiles designed to improve early detection and intervention for youth at elevated risk for 

chronic pain.
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Highlights

• Although race shapes the experience of pain in adults, less is known about 

youth.

• Conditioned pain modulation (CPM) may be a risk factor for chronic pain.

• CPM to evoked thermal pain was assessed in 78 healthy youth.

• Stronger CPM effects were observed in African-Americans than Non-Hispanic 

Whites.

• Results suggest no CPM impairment in African-American youth.
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Figure 1. 
Mean pain ratings (± standard error of the mean) for pre-conditioning and conditioning trials 

for African Americans and Non-Hispanic Whites.
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Figure 2. 
Multilevel model testing the race by trial interaction as a predictor of test stimulus pain 

ratings. *p < .001.
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Table 1

African-American
(n = 40)

Non-Hispanic White
(n = 38)

African-American vs.
Non-Hispanic White

N (%) N (%) X 2

Sex 0.05

  Male 20 (50) 18 (47)

  Female 20 (50) 20 (53)

Postmenarchal females 19 (95) 17 (85) 1.11

Tanner stagea 0.13

  1-2 3 (8) 4 (11)

  3-5 34 (92) 34 (89)

M (SD) M (SD) t

Age 14.6 (2.0) 15.0 (1.6) 1.19

SES 34.5 (13.0) 40.0 (12.7) 1.88

Somatic symptoms 7.3 (5.9) 9.8 (8.8) 1.45

Pain catastrophizing 13.0 (10.0) 12.0 (8.8) 0.49

Functional disability 3.6 (6.6) 3.7 (7.0) 0.07

Anxiety symptoms 4.2 (4.0) 4.2 (4.2) 0.02

Depressive symptoms 3.6 (4.4) 3.8 (5.4) 0.22

CPM taskb

  P-6 temperature 46.3 (1.8) 47.3 (1.3) 2.81*

  Pre-conditioning 5.6 (1.5) 6.2 (1.2) 1.84

  CPM trial 1 5.4 (2.0) 5.7 (1.7) 0.22

  CPM trial 2 4.2 (2.2) 5.1 (1.7) 1.91

  CPM trial 3 3.4 (2.2) 4.7 (1.5) 2.82*

a
Three African-American participants chose not to answer this question.

b
Four participants (3 African-Americans, 1 Non-Hispanic White) did not complete the CPM task due to equipment failure (n = 1) and request to 

discontinue the task (n = 3).

*
p < .01.

Note: SES = socioeconomic status; CPM = conditioned pain modulation.
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