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Pain is a complex experience shaped by biological, emotional, cognitive and social factors 

that all can be influenced by ethnicity/race [37]. Race is associated with altered pain 

responsiveness in adults [10]. In the clinical setting, African-American adults report greater 

pain unpleasantness [28] and pain intensity [9] than Non-Hispanic Whites with comparable 

pain conditions. Similarly, in the laboratory setting, African-Americans consistently exhibit 

greater evoked pain responsiveness compared to Non-Hispanic Whites [28]. Such racial 

differences in pain responsiveness might help explain, in part, the higher prevalence of 

chronic pain found in African-Americans compared to Non-Hispanic Whites [27].

Two significant gaps in this literature are notable. First, few controlled evoked pain studies 

have been conducted in healthy youth [3,21,25]. The only such study addressing race/

ethnicity found that African-American youth reported lower evoked pain intensity than Non-

Hispanic White youth [21]. It remains unclear at what point in development observed racial 

differences in pain responding emerge. Second, there is a dearth of studies on racial 

differences in temporal summation [28]. Temporal summation of second pain (TSSP) refers 

to increases in perceived pain intensity evoked by repetitive nociceptive stimuli 

administered at constant intensity. Whereas pain tolerance may be influenced by nociceptive 

stimulus intensity, pain sensitivity [15], and descending pain inhibition [2], TSSP provides a 

more specific index of pain sensitivity [35], one factor potentially contributing to chronic 

pain risk [14,44]. Elevated TSSP has been demonstrated in chronic pain conditions 

including functional abdominal pain [9], fibromyalgia [35], low back pain [6], and 

temporomandibular disorders [24]. In one large prospective study, higher heat pain TSSP 

was associated with increased risk for subsequent temporomandibular disorder onset [14].
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Few studies have investigated race effects on TSSP. One recent study showed higher TSSP 

in older African-Americans compared to older Non-Hispanic Whites [30]. Although not 

directly addressing racial differences in TSSP levels, another recent study in adults showed 

that higher TSSP predicted greater clinical pain ratings for Non-Hispanic White but not 

African-American participants [13]. To our knowledge, whether racial differences in TSSP 

are present in pain-free youth has not previously been examined. If healthy African-

American youth demonstrate elevated TSSP 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 spinal cord processing of nociceptive stimuli.

Our primary hypotheses in the current study were that African-American youth would 

display both elevated evoked pain responsiveness and greater TSSP compared to Non-

Hispanic White youth. Prior work [1] had demonstrated substantial response variability to 

TSSP protocols in healthy individuals, revealing discrete subgroups showing TSSP, no 

TSSP, or temporal decrease in second pain. Although the mechanisms contributing to 

temporal decrease in second pain are unclear, it may be driven by high first pulse pain 

ratings (i.e., ceiling effects) [1] or by habituation. We therefore adopted a two-stage analytic 

approach, examining race effects on TSSP first as a continuous measure over the temporal 

summation trials, and then as a categorical measure based on the three response groups 

described above.

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. Study procedures were 

approved by Meharry Medical College and Vanderbilt University Institutional Review 

Boards. All subjects and their parents provided written informed assent/consent prior to 

beginning study procedures.

Exclusion criteria were as follows: chronic pain (defined as 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). Of the 78 participants who enrolled in the 

study, one could not complete the laboratory portion due to an equipment malfunction and 

two more did not contribute data to the 48°C temporal summation protocol due to 

experimenter error. Thus, the final sample included in multilevel analyses consisted of 75 

participants.

Measures

Pubertal maturation—Tanner staging was conducted based on pictorial representations 

of genital/breast development provided by youth self-report [22,23]. Tanner stages one and 
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two reflect development up to the onset of puberty and tanner stages three to five reflect 

post-pubertal development. A dichotomous score was derived for each participant (stages 

one or two = 0; stages three to five = 1).

Somatic symptoms—The Children’s Somatization Inventory revised form (CSI) [39] 

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

dizziness, nausea, back pain) in the past 2 weeks. Participants reported how much they were 

bothered by 24 specific somatic symptoms on a 5-point scale ranging from “not at all” (0) to 

“a whole lot” (4). Items were summed and total scores ranged between 0 and 96. In this 

sample, coefficient alpha for the CSI was .84.

Functional disability—The Functional Disability Inventory (FDI) [7,41] 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. In this sample, coefficient alpha for 

the FDI was .91.

Pain Testing Procedures

Pain tolerance and TSSP were assessed with a Medoc TSA-II Neurosensory Analyzer using 

commercially available software (TPS-CoVAS version 3.19, Medoc Inc.). To determine 

pain tolerance, a thermode (30 × 30 mm) was attached to the ventral forearm of the 

participant’s non-dominant arm and moved upwards on the forearm to a new location for 

each trial. Participants were instructed to terminate the stimulus by clicking on a computer 

mouse “when you can’t stand the heat pain any longer.” The protocol started at an 

adaptation temperature of 40°C and the temperature increased at a ramp rate of 0.5°C per 

second until the participant indicated that the maximum tolerance was reached. The 

maximum temperature limit was 51°C. Four pain tolerance trials were conducted, with a 25 

second interstimulus interval during which the thermode was moved to a new, non-

overlapping location. TSSP was then assessed using a standardized oscillating thermal 

stimulation protocol employed previously by the authors [6,9] and others [12]. Anticipatory 

anxiety prior to this protocol (i.e., “how nervous, afraid, or worried are you about the 

activity?”) was assessed by participant self-report using a numerical rating scale (0 = “Not at 

all” and 10 = “Worst imaginable”). A sequence of ten heat pulses with a 48°C target 

stimulus intensity was applied to the ventral forearm. Each pulse was 0.5 seconds in 

duration, started at a temperature of 40°C, with sequential pulses administered at a 

frequency of 0.4 Hz. During temporal summation procedures, participants rated the intensity 

of pain sensation shortly after the peak of each heat pulse using a numerical rating scale (0 = 

“No Pain” and 10 = “Worst Possible Pain”). The current protocol has been used to 

demonstrate chronic pain-related differences in temporal summation between healthy 

controls and both chronic low back pain patients [6] and functional abdominal pain patients 

[9].
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Data Analytic Plan

Racial differences in pain tolerance to the four tolerance trials were examined using t-tests. 

Normality assumptions for pain tolerance analyses were tested using Levene’s test for 

equality of variances. Temporal summation outcomes were first examined as a continuous 

measure. To address hypotheses regarding within- and between-individual changes 

simultaneously, we specified a series of multilevel models (MLM) using hierarchical linear 

models (HLM 6) [29] consisting of a within-person (i.e., level-1) sub-model describing how 

each individual’s pain ratings changed over successive pulses, and a between-person (i.e., 

level-2) sub-model describing how these changes varied across individuals [4,34].

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 pulse t for person i, 

Pulse denotes the pulse number (1 to 10), and Race denotes African-American (0) or Non-

Hispanic White (1). Of primary interest was the interaction between race and pulse (β11). 

Normality assumptions were checked using a Q-Q plot of residuals.

Temporal summation group assignment for categorical analyses was determined based on 

regression coefficients estimated individually for each participant’s pain ratings according to 

procedures described by Pfister and colleagues [26]. Participants with positive and 

significant regression slopes were assigned to the TSSP group; those with negative and 

significant regression slopes were assigned to the temporal decrease in second pain group; 

those with non-significant regression slopes were assigned to the no TSSP group. Racial 

differences in the frequency distribution of temporal summation group assignment were 

examined using χ2 analyses.

Results

Table 1 presents descriptive data across the African-American and Non-Hispanic White 

groups. The sample was comprised of 78 healthy youth, ages 10 to 17 (mean age = 14.8, SD 

= 1.8). Recruitment focused on this age range to capture pain experiences across the pubertal 

transition. The sample was relatively balanced in terms of both race and gender, consisting 

of 20 African-American males (26%), 20 African-American females (26%; two identified as 

Hispanic), 18 Non-Hispanic White males (22%), and 20 Non-Hispanic White females 

(26%). Race and sex were based on self-report. Two participants discontinued the temporal 

summation protocol prior to the 10th pulse because they provided a maximum pain intensity 
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rating of 10; their data were included in MLM and categorical analyses. No racial 

differences were observed in sex distribution, age, Tanner stage, anticipatory anxiety prior to 

temporal summation protocol, somatic symptoms, or functional disability due to physical 

health. Preliminary MLM analyses examined the impact of baseline pain rating and 

anticipatory anxiety rating during the temporal summation protocol, tanner stage, sex, and 

the race X sex interaction on within-individual changes in pain ratings during the temporal 

summation task. Neither baseline pain rating (p > .10), anticipatory anxiety rating (p > .80), 

tanner stage (p > .40), sex (p > .05), nor the sex X race interaction (p > .10) were associated 

with the degree of TSSP; including these variables in MLM analyses did not significantly 

alter findings reported below for race effects.

Race and Pain Tolerance

Means and standard error of the mean (SEM) for pain tolerance are presented for African-

Americans and Non-Hispanic Whites in Figure 1. Comparisons for each trial revealed no 

group differences for the first three trials, but that African-Americans had lower pain 

tolerance compared to Non-Hispanic Whites in the fourth trial (mean tolerance in African-

Americans = 46.6°C, mean tolerance in Non-Hispanic White = 47.4°C, t = 1.98, p = .05; 

Levene’s test indicated unequal variances on the fourth trial [F = 5.27, p = .03], so degrees 

of freedom were adjusted from 75 to 72.5).

Race and Temporal Summation

Changes in mean pain ratings across pulses in African-Americans and Non-Hispanic Whites 

are presented in Figure 2. African-American participants reported higher pain ratings for the 

baseline (mean rating in African-Americans = 4.67, mean rating in Non-Hispanic Whites = 

3.53, t = 2.13, p = .04) and second pulses (mean rating in African-Americans = 5.05, mean 

rating in Non-Hispanic Whites = 3.86, t = 2.08, p = .04), but not subsequent pulses.

The race X pulse interaction was significantly associated with changes in pain ratings (b = .

11, SE = .03, p < .001) (Figure 3). Simple slope analysis revealed that pain ratings increased 

across successive pulses for Non-Hispanic Whites (b = .12, SE = .02, p < .001), but did not 

change significantly for African-Americans (b = .01, SE = .02, p = .76). Baseline pain 

ratings were significantly higher in African-Americans compared to Non-Hispanic Whites 

(b = −1.20, SE = .59, p = .04). Hence, African-Americans started with higher pain ratings at 

baseline and showed minimal TSSP, whereas Non-Hispanic Whites had lower pain ratings 

at baseline and did show evidence of TSSP. As noted above, adjustment for baseline pain 

differences did not alter the findings regarding racial differences in TSSP, nor did 

adjustment for anticipatory anxiety ratings.

Racial Distribution of Temporal Summation Groups

Individual regression slope analyses resulted in the assignment of 22 participants to the 

TSSP group (29.3%), 6 participants to the temporal decrease in second pain group (8.0%), 

and 47 participants to the no TSSP group (62.7%). There was a significant relationship 

between race and response group assignment [χ2 (2) = 6.09, p = .05]. Whereas similar 

numbers of African-Americans and Non-Hispanic Whites were assigned to the TSSP (n’s = 

10 and 12, respectively) and no TSSP groups (n’s = 23 and 24, respectively), the temporal 
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decrease in second pain group consisted entirely of African-Americans (n = 6, 15% of this 

racial group).

Discussion

African-American adults exhibit higher evoked pain responsiveness and report greater 

chronic pain intensity and unpleasantness than Non-Hispanic White adults with comparable 

pain conditions [10,31]. This study examined whether similar racial differences in evoked 

pain responsiveness are present in youth and whether these differences might be linked to 

differences in TSSP. Results were to some extent consistent with meta-analytic evidence of 

elevated pain responsiveness in African-American adults [28]: African-American youth 

gave higher initial pain ratings during a standardized thermal pain stimulus (TSSP) protocol 

and exhibited marginally lower heat pain tolerance than Non-Hispanic White youth. The 

only other known study to investigate the impact of race on evoked pain responsiveness in 

youth did not detect differences in pain tolerance among African-American, Caucasian, 

Hispanic and Asian participants [21]. The authors speculated that this null finding may have 

been linked to their use of a heat stimulus (infrared light) that differed from the direct skin 

contact heat stimuli more commonly utilized in adult protocols [21]. A second possibility is 

that racial differences in pain responsiveness may only emerge later in adolescence (mean 

ages of the current sample and the sample described by Lu and colleagues [21] were 14.8 

and 12.7 years, respectively).

Contrary to our hypothesis, TSSP was lower in African-American than Non-Hispanic White 

youth. One prior study of healthy young adults (n = 188) found that heat pain tolerance and 

temporal summation loaded on different factors, with African-Americans (n = 11) being 

proportionally more represented in the high pain sensitivity cluster relative to other ethnic 

groups and no African-Americans assigned to the temporal summation cluster [17]. A 

second study conducted in middle-aged and older adults revealed higher TSSP in older 

compared to younger African-Americans, and the reverse pattern for Non-Hispanic Whites 

[30]. In light of these latter findings, the current results suggest that race could impact the 

developmental course of TSSP: whereas African-Americans may exhibit lower TSSP than 

Non-Hispanic Whites in adolescence and young adulthood, they may have higher TSSP later 

in life compared to Non-Hispanic Whites. Prospective studies are needed to determine 

whether developmental factors influence TSSP in African-Americans, and if changes in 

TSSP impact on age-related increases in the prevalence of chronic pain conditions in this 

population [18].

TSSP protocols are especially sensitive to age-related changes in pain perception [11,16,20] 

due to increasing reliance on C-fiber-mediated pain responding in older individuals [6]. 

Temporal decreases in second pain at the leg have previously been reported in pain-free 

older adults and were interpreted as reflecting an age-related decrease in central nervous 

system nociceptive processing [13]. Researchers have also speculated that diminishing TSSP 

in the elderly could reflect age-related changes in peripheral nervous system morphology 

(e.g., loss of unmyelinated nerve fibers) and function (e.g., decrease in nerve conduction 

velocity and sensory discrimination) [30,38]. However, the mechanisms that contribute to 
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potential increases in TSSP in African-Americans over the life span have yet to be 

examined.

African-Americans consistently exhibit higher chronic pain ratings [10,31] and greater 

evoked pain responsiveness [28] than Non-Hispanic Whites. The current work may extend 

these findings to a younger population, suggesting elevated evoked pain responsiveness in 

African-American youth, although findings in this regard were not consistently observed 

across measures nor large in magnitude. Intriguingly, the present study also suggests that 

African-American youth show lower TSSP than Non-Hispanic Whites. This result appears 

to be driven in part by greater variability in TSSP slopes among African-American as 

compared to Non-Hispanic youth, who were distributed across all three response groups. 

Although the mechanisms contributing to lower overall TSSP and greater incidence of 

temporal decrease in second pain in African-American relative to Non-Hispanic White 

youth are unknown, the current study suggests that elevated TSSP cannot account for racial 

differences in evoked pain responsiveness, at least among younger persons, given that 

approximately equal numbers of African-American (n = 10) and Non-Hispanic White youth 

(n = 12) were assigned to the TSSP group.

Across racial groups, the distribution of TSSP, no TSSP, and temporal decrease in second 

pain groups for youth in the current study was similar to the distribution reported for pain-

free adults by Anderson and colleagues [1]: 28.7% in TSSP group; 58.7% in no TSSP group; 

12.6% in the temporal decrease in second pain group. However, analyses examining racial 

differences in the distribution of temporal summation groups revealed that temporal 

decrease to second pain occurred exclusively in African-American youth. One possible 

interpretation is that temporal decreases in second pain may reflect habituation effects, with 

current findings suggesting racial differences in habituation to pain among youth. A study 

examining neural correlates of pain perception found diminishing pain intensity ratings over 

repeated heat pain stimuli in women with interpersonal violence exposure (IPV) and a link 

between right anterior insula deactivation and avoidance symptoms [36]. Given the high 

prevalence of IPV in African-Americans and associated use of avoidant coping strategies 

[43], future studies should examine whether prior IPV exposure and/or avoidance could 

facilitate habituation to pain. A second possibility is that skin pigmentation could impact 

heat pain responsivity, as has been reported in animal studies showing shorter response 

latencies for pigmented regions in radiant heat tail flick assays [42]. Additional work is 

required to address these possibilities.

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

consisted of adolescents without chronic pain who reported low levels of somatic symptoms 

and functional disability. It is not clear whether similar racial differences in TSSP would be 

observed in youth with chronic pain. Second, this study was cross sectional; prospective 

studies following youth into emerging adulthood will be necessary to determine whether age 

and race interact to determine evoked pain responsiveness and temporal summation, and to 

bridge the child and adult experimental pain literatures. Third, marginal differences between 

African-American and Non-Hispanic White youth in pain tolerance should be interpreted 

with caution given the possibility of Type I error and may not be clinically meaningful. 

Fourth, although studies suggest that experimental pain indices such as temporal summation 
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are relatively stable when assessed over a period of one week [19], it remains to be seen 

whether these indices reliably discriminate between African-American and Non-Hispanic 

White youth over time. Future studies should investigate whether racial differences in 

experimental pain perception are linked mechanistically to racial differences in medication 

response and adverse effects [32,33]. In addition, whether racial differences in heat pain 

TSSP can be detected in healthy youth using other pain modalities (e.g., pressure) remains to 

be seen.

Despite these limitations, the current study demonstrated differences between African-

American and Non-Hispanic White youth in evoked pain responsiveness and temporal 

summation, with the latter in an unanticipated direction. These findings highlight the 

importance of employing both static and dynamic pain assessment modalities. In addition, 

they identify important avenues for future research examining factors (e.g., socioeconomic, 

cultural, developmental, parenting, coping, neuroendocrine, genetic) that could explain 

racial differences in experimental pain responses. Childhood pain experiences increase the 

likelihood of developing chronic pain in adulthood [8,40], making early identification of at-

risk youth a critical feature of targeted interventions. To the extent that these interventions 

include experimental pain tasks as indicators of risk or treatment response, the current 

findings underscore the importance of considering both developmental factors and race.
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Figure 1. 
Pain Tolerances for African-Americans and Non-Hispanic Whites. *p = .05.
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Figure 2. 
Temporal Summation Pain Ratings for African-Americans and Non-Hispanic Whites. *p < .

05.
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Figure 3. 
Multilevel Model Testing the Race by Time Interaction as a Predictor of Temporal 

Summation 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 (%) X2

Sex 0.05

 Male 20 (50) 18 (47)

 Female 20 (50) 20 (53)

Tanner Stage
† 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

Somatic symptoms 7.3 (5.9) 9.8 (8.8) 1.45

Functional Disability 3.6 (6.6) 3.7 (7.0) 0.07

Anticipatory anxiety* 2.3 (2.2) 2.0 (2.1) 0.67

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

*
Assessed prior to temporal summation protocol.
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