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Abstract

African Americans are disproportionately exposed to adversity across the lifespan, which 

includes both stressful and traumatic events. Adversity, in turn, is associated with alterations 

in pain responsiveness. Racial differences in pain responsiveness among healthy adults are 

well established. However, the extent to which adversity type and timing are associated with 

alterations in pain responsiveness among healthy African-American adults is not well understood. 

The present study included 160 healthy African-American adults (98 women), ages 18 to 
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45. Outcome measures included pain tolerance and temporal summation of pain to evoked 

thermal pain. Composite scores were created for early-life adversity (childhood trauma, family 

adversity) and recent adversity (perceived stress, chronic stress burden). A measure of lifetime 

racial discrimination was also included. Higher levels of recent adversity were associated with 

higher temporal summation of pain, controlling for gender, age, and education. Neither early-life 

adversity nor lifetime racial discrimination were associated with temporal summation of pain. 

The present findings suggest that heightened temporal summation of pain among healthy African-

American adults is associated with exposure to recent adversity events. Improved understanding of 

how recent adversity contributes to heightened temporal summation of pain in African Americans 

could help to mitigate racial disparities in pain experiences by identifying at-risk individuals who 

could benefit from early interventions.
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Racial disparities in pain are well-established, with African-American (AA) adults reporting 

greater pain severity and pain-related functional disability compared to non-Hispanic Whites 

for comparable pain conditions (Anderson et al., 2009; Institute of Medicine, 2011). In 

addition, there are pronounced racial differences in experimental pain responses, with 

healthy AA adults exhibiting pro-nociceptive alterations when compared to non-Hispanic 

Whites (Kim et al., 2017; Rahim-Williams et al., 2012). Experimental pain responses predict 

development of postoperative persistent pain (Arendt-Nielsen et al., 2018; Petersen et al., 

2018; Weissman-Fogel et al., 2009; Wylde et al., 2013; Yarnitsky et al., 2008), influence 

the course of chronic pain (Georgopoulos et al., 2019; Greenspan et al., 2013; Morris et al., 

2021a; O’Leary et al., 2017), and exhibit promise as biomarkers of risk for chronic pain 

among healthy individuals (Fillingim et al., 1998; Staud, 2012). Understanding how and 

why racial differences in experimental pain responses emerge for healthy individuals could 

improve pain risk assessment and, ultimately, inform the development of interventions to 

prevent the transition to chronic pain.

Stress is a key driver of individual differences in pain experiences (Fillingim, 2017). 

However, “not all forms of stress are created equal” with regard to their impact on health 

(O’Connor et al., 2021). Theoretical stress frameworks propose that racial disparities in 

health outcomes may be attributed, in part, to racial minorities being more likely to 

experience social, economic, and race-related stressors (differential exposure), and less 
likely to have access to psychosocial and material coping mechanisms needed to buffer 

against these stressors (differential vulnerability) (Kessler, 1979; Myers, 2009). Greater 

exposure to adversity across the lifespan is associated with alterations in experimental 

pain responses in predominantly non-Hispanic White (Sherman et al., 2015; Sturycz et al., 

2019; Tesarz et al., 2016; You & Meagher, 2016, 2018) and mixed samples of AA and 

non-Hispanic White adults (Fillingim & Edwards, 2005). Temporal summation of pain is an 

experimental pain response index that captures increases in perceived pain intensity despite 

constant intensity of the repeated pain stimulus (Price et al., 1977). Early life stressors 

such as childhood trauma are linked to greater temporal summation of pain among healthy, 
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predominantly White individuals (You & Meagher, 2016) and those with chronic pain 

(Sherman et al., 2015). In addition, more recent stressors such as chronic difficulties (e.g., 

individual and neighborhood socioeconomic status [SES]) and acute stress levels are linked 

to alterations in both pain facilitation and inhibition in predominantly White (Geva et al., 

2014; Morris et al., 2021b) and mixed samples of Latinx and non-Hispanic White adults 

(Rassu et al., 2020).

Racial discrimination in particular is associated with a variety of negative health outcomes 

(Pascoe & Richman, 2009; Williams et al., 2019), including greater clinical pain intensity 

and pain-related impairment (Burgess et al., 2009; Edwards, 2008; Walker et al., 2016). 

Pain tolerance is an experimental pain response that captures the point at which a stimulus 

is terminated because the individual can no longer endure it, and is thought to reflect 

the affective-motivational dimension of pain (Geva & Defrin, 2013). Greater racial/ethnic 

discrimination has also been linked to lower cold pain tolerance in healthy predominantly 

AA individuals (Richardson et al., 2022), lower heat pain tolerance in AA compared to non-

Hispanic White adults with chronic pain (Goodin et al., 2013), lower temporal summation 

of pain in Latinx compared to non-Hispanic White adults (Rassu et al., 2020), as well as 

enhanced temporal summation of the nociceptive flexion reflex and impaired conditioned 

pain modulation of nociceptive flexion reflex in Native American adults (Güereca et al., 

2022). Although AA adults are more likely to experience different types of adversity over 

their lifetime than their non-Hispanic White counterparts (Brown et al., 2020; Slopen et 

al., 2016), the extent to which these exposures predict experimental pain responses in AA 

adults remains unclear. Identifying features of adversity that are associated with evoked 

pain responses among healthy AA adults - including types and timing - could improve 

understanding of pathways through which lived experiences contribute to racial disparities in 

pain.

The present study examined the extent to which early-life adversity (e.g., childhood abuse 

and neglect, parental incarceration, poverty), recent adversity (e.g., perceived stress levels, 

financial stressors, crime), and lifetime racial discrimination (e.g., made to feel like an 

outsider) were associated with experimental pain responses (i.e., pain tolerance, temporal 

summation of pain, pain habituation). These three experimental pain study indices capture 

distinct dimensions of pain processing (Greenspan et al., 2011). Pain habituation is defined 

as “a behavioral response decrement that results from repeated stimulation and that does 

not involve sensory adaptation/sensory fatigue or motor fatigue” (Rankin et al., 2009). 

Pain habituation is thought to reflect central anti-nociceptive activity (Bingel et al., 2007). 

Individuals with chronic pain exhibit weaker habituation to heat pain compared to healthy 

individuals (Smith et al., 2008). The present study sought to simultaneously evaluate linear 

increases in pain responses at the start of the protocol (temporal summation of pain) and 

rates of deceleration in pain responses across the task (pain habituation). We hypothesized 

that AA adults with higher levels of early-life adversity, recent adversity, and lifetime racial 

discrimination would exhibit enhanced pro-nociceptive features (as evident in lower pain 

tolerance and greater temporal summation of pain) and reduced anti-nociceptive features (as 

evident in slower pain habituation).
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METHODS

Participants

This cross-sectional study included 160 healthy adults who self-identified as AA (98 women 

[61%]), were between the ages of 18 to 45 (inclusive), and were seen for a baseline 

assessment as part of a larger ongoing longitudinal study. Recruitment was conducted 

in a mid-size metropolitan area through online research participant registries, community 

and university webpages advertising research studies, flyers distributed at local Historically-

Black Colleges and Universities, and flyers placed in waiting rooms of local clinics serving 

the AA community. Data included in the present analyses were derived exclusively from the 

baseline assessment of the larger study, which was focused on evaluating experimental pain 

responses and prolonged hypothalamic-pituitary-adrenal (HPA) activation as mechanisms 

linking adversity to daily pain complaints. Age range was restricted because age is known 

to influence pain sensitivity (Riley et al., 2014) and another key variable evaluated in 

the larger study – hair cortisol concentration (Staufenbiel et al., 2015). Further, this 

age range was selected to minimize potential confounds between age and cumulative 

exposure to adversity. Due to our particular interest in identifying early markers of risk 

for chronic pain among healthy individuals, participants were excluded if they had a 

current chronic pain condition (defined as pain ≥3 months in duration and determined by 

a modified version of the Persistent Pain Questionnaire (Bruehl et al., 2005)). Additional 

exclusion criteria included chronic medical conditions (e.g., sickle cell disease, Cushing’s 

disease, hyperthyroidism, pregnancy), taking daily medications (e.g., opioid analgesics, 

corticosteroids) that could affect pain or stress (i.e., HPA axis) responses, or meeting criteria 

for a substance use disorder in the previous three months. This study was approved by the 

university institutional review board. Data that support the findings of this study are not 

publicly available because they contain information that could compromise the privacy of 

research participants.

Experimental pain protocol

The experimental pain protocol has been used by this group with a variety of populations 

to assess heat pain tolerance and temporal summation of pain (Morris et al., 2021a; 

Morris et al., 2015). Participants were instructed not to take any pain medications within 

four hours of their visit. Upon arrival, they completed orientation and training for pain 

testing procedures and stimuli. The experimental pain protocol was administered through a 

computerized Medoc TSA-II NeuroSensory Analyzer (Medoc US, Minneapolis, MN) using 

commercially available software (TPS-CoVAS version 3.19; Medoc Inc, Ramat Yishay, 

Israel). Temporal summation of pain was assessed with a standardized oscillating thermal 

stimulation protocol used previously by this group (Chung & Bruehl, 2008; Dengler-Crish 

et al., 2011; Morris et al., 2015) and others (Fillingim & Edwards, 2005). A sequence of 10 

heat pulses with a 48°C target stimulus intensity was applied to the ventral forearm. Each 

pulse was 0.5 seconds in duration and started at a temperature of 40°C, with sequential 

pulses administered at a frequency of 0.4 Hz. During the temporal summation of pain 

protocol, participants rated the intensity of pain sensation shortly after the peak of each 

heat pulse using a 0 (no pain) to 100 (worst pain possible) scale. Within-person changes 

in pain ratings were used to evaluate the degree of temporal summation of pain as well as 
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pain habituation. Pain tolerance was determined using a thermode attached to the ventral 

forearm of each participant’s nondominant arm. Participants were instructed to terminate the 

stimulus by clicking on a computer mouse “when you can’t stand the heat pain any longer.” 

Each of four trials started at an adaptation temperature of 40°C, followed by temperature 

increase at a ramp rate of 0.5°C per second until the maximum tolerance was reached. The 

thermode was moved upwards on the forearm to a new, nonoverlapping location during each 

25-second interstimulus interval. The maximum temperature limit was 51°C. Pain tolerance 

was computed as the mean of the temperature tolerance for the last three trials.

Early-life Adversity

The Childhood Trauma Questionnaire (CTQ; Bernstein et al., 1994) is a 28-item, self-report 

measure used to assess the frequency of different types of abuse experienced as a child 

and teenager. CTQ item scores ranged from 1 (never true) to 5 (very often true), with total 

scores ranging from 28 to 140 (higher scores reflect more childhood trauma exposure). 

Current reliability was good for the CTQ (α=0.84). A brief 10-item version of the Family 

Adversity Questionnaire (FAQ) was used to assess the number of non-sexual, adverse 

early life experiences during childhood (“when you were growing up”), including parental 

incarceration, illness, disability, death and severe poverty (Kessler & Magee, 1993). Items 

were dichotomous (0 = No; 1 = Yes), with total scores ranging from 0 to 10 (higher 

scores reflect more adverse early life experiences). Current reliability was good for the FAQ 

(α=0.80). An early adversity composite was computed as the sum of standardized scores for 

the CTQ and FAQ.

Recent Adversity

The Chronic Burden Scale (CBS) is a 21-item scale used to measure the degree to which 

a variety of chronic stressors (e.g., economic, employment, crime, and legal problems) had 

been a problem for participants in the past 6 months (Gurung et al., 2004). CBS item scores 

ranged from 1 (not a problem for me) to 4 (a major problem for me), with total scores 

ranging from 15 to 84 (higher scores reflect greater burden from chronic stressors). Current 

reliability was good for the CBS (α=0.86). The Perceived Stress Scale-10 (PSS-10; Cohen 

et al., 1983) is a 10-item measure used to assess the degree to which individuals perceive 

their lives as stressful in the past month. PSS-10 item scores ranged from 0 (never) to 4 (very 
often), with total scores ranging from 0 to 40 (higher scores reflect higher levels of perceived 

stress). Current reliability was good for the PSS-10 (α=0.86). A recent adversity composite 

was computed as the sum of standardized scores for the CBS and PSS-10.

Discrimination

The 17-item Brief Perceived Ethnic Discrimination Questionnaire – Community Version 

(BPEDQ-CV; Brondolo et al., 2005) was used to assess lifetime experiences of 

discrimination because of one’s race and ethnicity. Participants indicated the frequency 

of experiences with racial discrimination on a scale of 1 (never) to 5 (very often), with 

total scores ranging from 17 to 75 (higher scores reflect more experiences with racial 

discrimination). Current reliability was good for the BPDEQ-CV (α=0.88).
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Covariates

A brief demographics form was used to determine participant age, gender, and education 

level (years completed).

Data analysis

Sample size was determined for the larger ongoing study based on estimates to achieve 

power of 0.80 for planned mediation hypotheses. Composite scores were computed 

for early-life adversity (sum of childhood trauma and family adversity z-scores) and 

recent adversity (sum of chronic stress burden and perceived stress z-scores). Composite 

stress exposure indices possess numerous conceptual and methodological advantages over 

individual measures, including increased predictive power, more accurate estimation across 

contexts, avoiding problems of highly-correlated individual predictors such as collinearity 

or suppression effects, and overcoming ‘threshold effects’ (Ettekal et al., 2019). These 

advantages are emphasized by theoretical models of stress exposure measurement (Rutter, 

1981) and are particularly salient to the assessment of early-life and recent adversity, which 

involve individual adversity domains that are interconnected and unlikely to operate in 

isolation. Distinguishing the unique effects of early-life from recent adversity on mental and 

physical health outcomes is supported by our own recent work (Dickens et al., 2022) as well 

as that of others (Klaassens et al., 2012; Stern & Thayer, 2019; Tarullo & Gunnar, 2006).

Temporal summation of pain protocols typically administer a sequence of ten heat pulses 

using target intensities of 47°C or greater at frequencies ranging from 0.3–1.0 Hz (Anderson 

et al., 2013). Response patterns during these protocols vary across healthy individuals: ~30% 

exhibit temporal summation of pain; ~60% exhibit no significant changes in pain intensity; 

~10% exhibit temporal decreases (i.e., habituation) in pain ratings (Anderson et al., 2013; 

Morris et al., 2015a). Quantifying temporal summation of pain responses using standard 

approaches (e.g., difference between 1st pain rating and either the 5th or maximum pain 

rating) or by examining linear slopes across all 10 ratings can be misleading in cases where 

changes are nonlinear (You, 2012). Animal studies reveal a biphasic curve with temporal 

summation of pain (“windup”) occurring during the first 7 stimuli, followed by deceleration 

and subsequent decreases in pain responses (Herrero et al., 2000). The window for observing 

temporal summation of pain is slightly shorter in healthy humans, with increases in pain 

ratings typically occurring within the first 3 or 4 stimuli, followed by a plateau or decrease in 

pain ratings (Edwards & Fillingim, 2001; Herrero et al., 2000).

Multilevel models (MLMs) were conducted in HLM v.8 (Raudenbush et al., 2019) to 

evaluate relations between adversity/discrimination measures (level 2) and within-person 

changes in pain ratings across the 10 heat pulses (level 1). Preliminary analyses revealed that 

temporal summation of pain ratings exhibited a quadratic change (b=−.15, SE=.02, t=6.55, 

p<.001), as reflected in initial increases in pain ratings and deceleration in pain ratings 

across the task, with peak pain levels typically occurring at the fifth heat pulse (Figure 

1). We conceptualized positive linear slopes as reflecting temporal summation of pain (i.e., 

instantaneous rate of change in pain ratings at the start of the task) and negative quadratic 

terms as reflecting pain habituation across all 10 heat pulses. Due to their known impact 

on pain processing (Fillingim, 2017), age, gender, and education were included a priori 
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as predictors of initial pain ratings (intercept), temporal summation of pain (linear slope), 

and pain habituation (quadratic term). Of primary interest were the cross-level interactions 

between adversity/discrimination measures and linear/quadratic change.

Multiple linear regressions were conducted in SPSS v.28 (IBM, Corp.) to evaluate relations 

between adversity/discrimination measures and pain tolerance, controlling for age, gender, 

and education (years completed). To account for multiple testing, we used the Benjamini-

Hochberg false discovery rate correction to control for the rate of type I errors by adjusting 

the p-value based on the number of significant results in a family of tests (Benjamini & 

Hochberg, 1995). Significant interactions were probed and simple slopes were calculated 

using an online calculator (Preacher et al., 2006). Missing data for analyses of temporal 

summation of pain and pain habituation were handled using restricted maximum-likelihood 

estimation.

RESULTS

Preliminary Analyses

Descriptive statistics and correlations for demographic, adversity, discrimination, and 

experimental pain response measures are presented in Table 1. Scores on individual 

measures of early adversity, including the CTQ (mean=40.25, SD=14.74) and FAQ 

(mean=2.11, SD=2.38), revealed that, on average, the sample reported significant childhood 

trauma history (CTQ total score cutoff ≥ 36 recommended by Vahapoglu et al., 2018) and 

exposure to two adverse early life experiences. Scores on individual measures of recent 

adversity, including the CBS (mean=28.48, SD=7.82) and PSS (mean=15.14, SD=6.95), 

and lifetime racial discrimination (mean=31.45, SD=10.00), are comparable to community 

samples of primarily low-income, multiethnic adults reporting histories of either childhood 

sexual abuse or spousal abuse (Myers et al., 2015). Adversity composites and racial 

discrimination were all significantly and positively correlated (r’s >.30). Older individuals 

reported higher levels of early-life adversity but age was not associated with recent adversity 

or racial discrimination. Education level was not associated with the adversity composites 

or racial discrimination. Four participants did not complete the full temporal summation of 

pain protocol due to pain ratings of 100 (a pre-determined stopping rule): three of these 

participants did not contribute temporal summation of pain data and were excluded from 

analyses; the remaining participant contributed 6 ratings and was included in analyses.

Pain Tolerance

Results of multiple linear regression models are presented in Table 2. Higher levels of 

lifetime racial discrimination were associated with higher heat pain tolerance, controlling for 

gender, age, and education. However, neither early-life adversity nor recent adversity were 

significantly associated with heat pain tolerance. Being female was associated with lower 

heat pain tolerance in all models (p’s < .03).

Temporal Summation

Recent adversity significantly moderated both linear and quadratic changes in pain ratings, 

though it was not associated with initial pain ratings (Table 3). Simple slope analysis 
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revealed that temporal summation of pain was higher among adults with greater (+1 SD) 

levels of recent adversity (b=4.64, SE=1.41, t=3.29, p<.001) compared to adults with lower 

(−1 SD) levels of recent adversity (b=3.55, SE=1.40, t=2.53, p=.01). In addition, more rapid 

deceleration in pain ratings (i.e., faster habituation) was observed for adults with higher (+1 

SD) compared to those with lower (−1 SD) levels of recent adversity (Figure 2).

Early-life adversity was neither associated with initial pain ratings nor with linear or 

quadratic changes in pain ratings (Table 4). Similarly, lifetime racial discrimination was 

neither associated with initial pain ratings nor with linear or quadratic changes in pain 

ratings (Table 5).

DISCUSSION

The present study evaluated how different types and timing of adversity exposure are 

associated with evoked pain responses in healthy AA adults. Improved understanding of 

these associations could elucidate pathways linking adverse exposures to the development 

of chronic pain and, ultimately, help to mitigate well-established racial disparities in pain 

severity, pain-related life interference, and pain sensitivity that disproportionately affect AA 

compared to non-Hispanic White adults (Anderson et al., 2009; Institute of Medicine, 2011). 

Consistent with our hypothesis, higher levels of recent adversity (i.e., chronic stress burden, 

perceived stress levels) were associated with increased temporal summation of pain - an 

indicator of central sensitization to painful stimuli and a risk factor for the development 

of chronic pain (Greenspan et al., 2013; Petersen et al., 2018). However, contrary to 

hypotheses, higher levels of recent adversity were also associated with more rapid pain 

habituation. The following sections explore several potential explanations for differential 

associations between adversity and evoked pain responses that could explain discrepancies 

in this study and in the extant literature.

The present findings suggest that among healthy AA adults, greater exposure to recent 

adversity was associated with elevated temporal summation of pain, which is considered 

a pro-nociceptive experimental pain response index. Results suggest that lifetime racial 

discrimination and early life adversity have less bearing on temporal summation of pain 

among AA adults as compared to more recent, ongoing stress levels. This finding contrasts 

with research showing that cumulative, lifespan approaches to measuring adversity are more 

fruitful for determining long-term physical and mental health risk compared to specific 

measures of childhood or adulthood adversity (Felitti et al., 1998; Kessler, 2000). Whereas 

indicators of lifetime or cumulative adversity have shown promise as predictors of relatively 

stable negative health conditions such as chronic pain, they may be less sensitive than 

acute stress indicators as predictors of relatively variable risk markers for chronic pain 

such as temporal summation of pain. The stability of temporal summation of pain, as 

evident in test-retest reliability, is considered strong for within-day and one-week intervals 

(Kong, Johnson, Balise & Mackey, 2013) but only poor-to-good over longer (i.e., two 

weeks to 4-months) intervals in healthy individuals (Alappattu et al., 2011; Marcuzzi et 

al., 2017). Evidence of temporal summation of pain variability over time suggests that 

this risk marker is more likely to be influenced by contextual than constitutional factors. 

Elevated temporal summation of pain in the context of short-term stress may represent 
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an intermediate point along theoretical pathways linking long-term stress to cumulative 

biopsychosocial vulnerabilities (Myers, 2009) and, ultimately, the development of chronic 

pain.

The Oklahoma Study of Native American Pain Risk (OK-SNAP; Rhudy et al., 2020) – 

another minoritized group disproportionately impacted by adversity (Beals et al., 2013; 

Manson et al., 2005; Turner & Lloyd, 2004) - showed that greater cumulative exposure 

to traumatic events was associated with enhanced temporal summation of nociceptive 

flexion reflex, which is also considered an indicator of (spinal) central sensitization to 

painful stimuli. Although lifetime trauma exposure was associated with higher overall 

pain (i.e., intercept) during the electrical temporal summation of pain protocol among 

healthy Native American adults, it was not associated with electrical temporal summation 

of pain (i.e., slope) (Sturycz et al., 2019). Comparisons between the present study and 

OK-SNAP are challenging due to differences in pain stimulus (heat versus electrical, 

respectively), temporal summation of pain rating method (10 ratings following each pulse at 

a frequency of 0.4 Hz versus ratings made after five trains of three stimuli, respectively), and 

measurement of adversity (early/recent adversity and lifetime discrimination versus lifetime 

trauma exposure). One possible interpretation of divergent findings is that initial pain 

ratings in multilevel models were higher in the OK-SNAP electrical temporal summation 

of pain (mean rating = 48.7 out of 100) as compared to the present study heat temporal 

summation of pain (mean rating = 41.5 out of 100), which suggests that the electrical 

stimulus was perceived as more painful than the heat stimulus and may have increased 

problems with ceiling effects. However, temporal summation of pain effects were detected in 

both studies despite differential associations with adversity measures; moreover, OK-SNAP 

participants who gave maximum pain ratings for all stimuli were excluded from analyses 

and covariance between intercept (initial pain) and slope of pain ratings (i.e., summation) 

was non-significant (Sturycz et al., 2019).

As alluded to above, the differential associations with temporal summation of pain between 

studies might be due to discrepancies in the measurement of adversity. The recent adversity 

composite used in the current study included the impact of chronic stress burden and 

perceived stress levels whereas in the aforementioned OK-SNAP study, the Life Events 

Checklist (LEC) captured lifetime trauma exposure. However, more recent OK-SNAP 

findings also revealed that psychological stress (a composite of PSS-10 and the Global 

Severity Index of the SCL90-R) contributed to enhanced temporal summation of pain via 

sleep problems in Native American adults (Kell et al., 2022). Whereas the LEC-based 

adversity measure linked to temporal summation of nociceptive flexion reflex in OK-SNAP 

more closely approximated the traumatic events captured by this study’s early-life adversity 

measure, the psychological stress composite in OK-SNAP included the same measure 

(PSS-10) as this study’s recent adversity composite. Thus, across both AA and Native 

American adults, greater temporal summation of pain was associated with higher ongoing 

stress levels.

Our prior work showed greater temporal summation of pain among chronic pain patients 

who reported early-life adversity (i.e., childhood physical or sexual assault or abuse) 

compared to chronic pain patients without early-life adversity or healthy controls (Sherman 
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et al., 2015). This finding suggests that enhanced temporal summation of pain could be 

one mechanism through which early-life adversity confers increased risk for development 

of chronic pain. Another study found enhanced heat temporal summation of pain (mean 

target of 48.5°C) in healthy young adults with higher compared to lower levels of early-life 

adversity (a measure that assessed incidents involving physical, sexual, and emotional abuse 

as well as general adversity) (You & Meagher, 2016). Although this finding appears to 

conflict with our own, it is possible given the mean age of that sample (18 years) that more 

proximal childhood adverse events (defined as occurring before age 18) could have also 

been capturing recent adversity. Future experimental pain studies should examine temporal 

windows that best capture recent adversity in healthy adult samples in order to distinguish 

stressor characteristics most likely to influence temporal summation of pain, including 

chronicity, timing of most recent event, levels of perceived stress, and whether or not the 

stressor could be considered ongoing.

Contrary to hypotheses, greater exposure to racial discrimination was associated with higher 

heat pain tolerance and greater exposure to recent adversity was associated with stronger 

pain habituation. Higher heat pain tolerance and stronger pain habituation are considered 

anti-nociceptive experimental pain response indices. These findings contrast with prior work 

showing that greater racial discrimination was associated with lower heat pain tolerance 

in older AA adults with chronic pain (symptomatic knee osteoarthritis) (Goodin et al., 

2013). One interpretation of these discrepancies in the direction of relations between 

discrimination and pain tolerance is that they capture distinct phases along the transition 

from acute pain (discrimination associated with anti-nociceptive profile) to chronic pain 

(discrimination associated with pro-nociceptive profile). Goodin and colleagues highlight 

hypervigilance to threat and alterations in stress response systems as potential mechanisms 

linking racial discrimination and lower pain tolerance (Goodin et al., 2013). Meta-analytic 

reviews of chronic stress and hypothalamic-pituitary-adrenal (HPA) secretion suggest that 

positive associations between stressors and cortisol secretion (hyperactivity) during the acute 

phase eventually switch to negative associations (hypoactivity) as stressors become more 

chronic (Miller et al., 2007). Older AA adults are likely to have experienced more chronic 

racial discrimination during their lifetimes than younger AA adults due to the passage of 

time and changing sociocultural circumstances, and as a result are more likely to exhibit 

hypoactive (as opposed to hyperactive) stress response systems. Whereas younger AA adults 

may experience robust cortisol stress responses and stress-induced analgesic (SIA) effects, 

older AA adults may exhibit blunted cortisol stress responses and SIA effects due, in part, to 

downregulation of the HPA axis in the context of chronic discrimination experiences (Fries 

et al., 2005; Heim et al., 2000). Hence, SIA effects may account for differences between 

the current study - which consisted of young, healthy AA adults, for whom discrimination 

is likely associated with anti-nociceptive features – and previously described studies that 

consisted of primarily older AA adults with chronic pain, for whom discrimination is likely 

associated with pro-nociceptive features. Our prior work with healthy young adults suggests 

that a social-evaluative laboratory stressor elicits SIA effects, as evident in reduced initial 

pain ratings during a temporal summation of pain protocol, but was not associated with 

temporal summation slopes; these SIA effects on initial pain ratings were most pronounced 

among individuals who were high stress responders (Bruehl et al., 2022). Future studies are 
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needed to evaluate changes in SIA effects over time as a potential mechanism contributing to 

the transition from acute to chronic pain.

Chronic pain conditions are more prevalent among women than men (Tsang et al., 

2008), with gender differences in experimental pain responses proposed as an important 

contributing factor (Fillingim, 2017). Consistent with this literature, women in the present 

study exhibited lower heat pain tolerance compared to males. A variety of mechanisms have 

been proposed to account for gender differences in pain experiences, including differences 

in pain-related fear, pain catastrophizing, and gender role expectations (Sorge & Strath, 

2018). Future studies are needed to evaluate psychosocial and neuroimmune factors that may 

account for gender disparities in pain sensitivity and chronic pain prevalence (Gregus et al., 

2021).

One important methodological contribution of the present study was the use of both linear 

and quadratic change components in a temporal summation of pain protocol to evaluate 

temporal summation of pain and pain habituation, respectively. This permitted identification 

of a unique pattern of stronger temporal summation of pain and pain habituation among AA 

adults who reported higher levels of recent adversity, suggesting that temporal summation 

of pain effects were present but relatively short-lived. Thermal experimental pain studies 

have previously reported patterns of increases in pain ratings with rapidly repeated stimuli 

within sessions (i.e., sensitization) and decreases in pain ratings across successive sessions 

(i.e., habituation) (Agostinho et al., 2009; Breimhorst et al., 2012; May et al., 2012). 

The present study demonstrated that both temporal summation of pain and within-session 

habituation are observed with a 48°C target among healthy, young AA adults. Prior work 

examining temporal summation of pain in both younger and older adults using a similar 

site (forearm) and thermal stimulus to the one administered in the present study showed 

temperature-dependent patterns reflecting temporal decreases in pain (47°C target), both 

temporal summation of pain and habituation (50°C target), and temporal summation of pain 

only (53°C target) (Edwards & Fillingim, 2001). Together with the present findings, this 

suggests that target temperatures between 48°C and 50°C may elicit a pattern of quadratic 

change capturing both temporal summation of pain and habituation.

LIMITATIONS

One important limitation of the present study is the absence of acute stress reactivity 

measures. Activation of stress response systems and associated SIA effects may reflect one 

potential mechanism linking discrimination and recent adversity to higher pain tolerance 

and more rapid pain habituation, respectively. Future studies including laboratory stress 

tasks are needed to examine associations among adversity/discrimination measures, acute 

stress reactivity, and potential SIA effects on experimental pain response indices. Second, 

participants in this study completed an average of 15 or more years of education, which 

is likely to be consistent with other experimental pain studies conducted in predominantly 

undergraduate samples (for a review see Kim et al., 2017), though comparisons are difficult 

due to infrequent reporting of SES. A relatively high average SES in the present sample 

may have been influenced by recruitment methods (e.g., participant registries on university 

webpages). Given the complex relations among race, SES, and pain experiences (Meghani 
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& Chittams, 2015), higher levels of education in this study should be considered whenever 

comparing to experimental pain studies conducted with minoritized individuals reporting 

lower SES (e.g., Riley et al., 2002). Finally, the present study recruited healthy AA adults 

and findings regarding relations between adversity and experimental pain response indices 

may not generalize to AA adults with chronic pain. Although healthy AA adults are more 

likely than their non-Hispanic White counterparts to experience adversity and to transition 

from acute to chronic pain (McLaughlin et al., 2016; McLean et al., 2005; McLean et al., 

2014), it is likely that the present sample contains heterogeneity with regard to both risk and 

resilience factors for pain. Future studies should examine the role of cognitive factors (e.g., 

pain catastrophizing and pain resilience) as moderators of relations between adversity and 

experimental pain response indices.

CONCLUSIONS

The present study has several important conceptual and methodological implications. First, 

higher temporal summation of pain was associated with recent adversity but not with 

early-life adversity or lifetime racial discrimination, which suggests that current stress levels 

may be key determinants of this pro-nociceptive experimental pain response index. Future 

research is needed to identify physiologic stress-relevant mediators of temporal summation 

of pain (e.g., neuroendocrine, inflammation) and to determine whether stress management 

interventions have an impact on temporal summation of pain. Importantly, experimental 

pain response indices have previously been shown to predict clinical outcomes (i.e., pain-

related interference with daily activities) over and above the effects of cognitive-behavioral 

treatment for chronic pain (Morris et al., 2021a). Elevated temporal summation of pain 

may complement psychosocial risk measures in determining personalized pain-risk profiles 

among healthy adults, which could help to identify individuals who may benefit from 

early interventions to prevent development of chronic pain. Second, temporal summation 

of pain protocols that include 10 ratings can be used to simultaneously capture temporal 

summation of pain and pain habituation (protocols with 5 or fewer ratings may be optimal 

for capturing temporal summation of pain only). These two dimensions of pain experiences 

may be analogous to acute psychosocial stress paradigms that capture stress reactivity and 

recovery: although these dimensions are correlated, exaggerated (or blunted) responses to 

stress and delayed return to baseline levels (i.e., prolonged activation) are differentially 

associated with physical and mental health outcomes (Brosschot et al., 2005; McEwen, 

1998). Examining both dimensions simultaneously during temporal summation of pain 

protocols could improve understanding of differential pain risk phenotypes. Future studies 

could evaluate whether stronger pain habituation buffers healthy AA adults who exhibit 

higher temporal summation of pain against risk for developing persistent pain complaints. 

Alternately, individuals who exhibit both stronger temporal summation of pain (‘pain 

reactivity’) and weaker pain habituation (‘prolonged pain activation’) could be at greatest 

risk for developing chronic pain.
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Figure 1. 
Multilevel model testing linear and quadratic change in temporal summation pain ratings 

among healthy African-American adults. Note: NRS = numerical rating scale.
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Figure 2. 
Multilevel model testing recent adversity as a moderator of both temporal summation of pain 

and pain habituation among healthy African-American adults. Note: NRS = numerical rating 

scale.

Morris et al. Page 20

J Behav Med. Author manuscript; available in PMC 2024 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morris et al. Page 21

Ta
b

le
 1

.

D
es

cr
ip

tiv
e 

St
at

is
tic

s 
Su

m
m

ar
y 

fo
r 

A
fr

ic
an

-A
m

er
ic

an
 A

du
lts

.

V
ar

ia
bl

es
M

ea
n

SD
A

ge
E

du
ca

ti
on

E
ar

ly
-l

if
e 

A
dv

er
si

ty
R

ec
en

t 
A

dv
er

si
ty

D
is

cr
im

in
at

io
n

A
ge

25
.8

9
6.

39
-

E
du

ca
tio

n
15

.7
1

3.
61

.2
1*

*
-

E
ar

ly
-l

if
e 

A
dv

er
si

ty
0.

00
1.

82
.2

0*
−

.0
4

-

R
ec

en
t A

dv
er

si
ty

0.
00

1.
67

.0
7

−
.0

7
.4

5*
**

-

D
is

cr
im

in
at

io
n

31
.4

5
10

.0
0

.1
5

−
.0

2
.3

6*
**

.5
3*

**
-

H
ea

t p
ai

n 
to

le
ra

nc
e

47
.1

3
2.

02
−

.0
1

.1
1

−
.0

0
−

.0
6

.2
0*

**
* <

p.
00

1;

**
p<

.0
1;

* p<
.0

5.

N
ot

e.
 E

ar
ly

-l
if

e 
A

dv
er

si
ty

 =
 c

om
po

si
te

 o
f 

ch
ild

ho
od

 tr
au

m
a 

an
d 

fa
m

ily
 a

dv
er

si
ty

 z
-s

co
re

s;
 R

ec
en

t A
dv

er
si

ty
 =

 c
om

po
si

te
 o

f 
ch

ro
ni

c 
bu

rd
en

 a
nd

 p
er

ce
iv

ed
 s

tr
es

s 
z-

sc
or

es
; D

is
cr

im
in

at
io

n 
=

 li
fe

tim
e 

ra
ci

al
 

di
sc

ri
m

in
at

io
n.

J Behav Med. Author manuscript; available in PMC 2024 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morris et al. Page 22

Table 2.

Multiple Regression Models Predicting Pain Tolerance.

Predictor Estimate SE t p F R 2 p

Model 1 2.13 .06 .08

 Gender −.72 .32 2.24 <.03

 Age −.03 .02 1.18 .24

 Education .07 .04 1.69 .09

 Recent adversity −.05 .09 0.53 .60

Model 2 2.08 .06 .09

 Gender −.72 .32 2.26 <.03

 Age −.03 .03 1.26 .21

 Education .08 .04 1.76 .08

 Early adversity .03 .09 0.31 .76

Model 3 4.03 .10 <.01

 Gender −.70 .31 2.24 <.03

 Age −.04 .02 1.66 .10

 Education .08 .04 1.91 .06

 Racial discrimination .42 .15 2.73 <.01

Note: Benjamini-Hochberg critical values: p = .13 (Model 1); p = .06 (Model 2); p = .25 (Model 3).
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Table 3.

Multilevel Model: Recent Adversity Predicting Temporal Summation of Pain.

Predictor Coefficient SE t df p

 Intercept 41.50 13.04 3.18 139 <.01

  Gender 2.05 4.23 .48 139 .63

  Age .13 .34 .40 139 .69

  Education −.83 .58 1.44 139 .15

  Recent adversity −.78 1.23 .63 139 .53

 Linear change 4.10 1.39 2.94 1282 <.01

  Gender −.59 .45 1.30 1282 .19

  Age −.06 .04 1.56 1282 .12

  Education −.04 .06 .63 1282 .53

  Recent adversity .33 .13 2.48 1282 .01

 Quadratic change −.36 .15 2.44 1282 <.02

  Gender .03 .05 .61 1282 .54

  Age .00 .00 .79 1282 .43

  Education .01 .01 .83 1282 .40

  Recent adversity −.03 .01 2.13 1282 .03

Note: Benjamini-Hochberg critical values: p = .13 (linear change); p = .06 (quadratic change).
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Table 4.

Multilevel Model: Early-Life Adversity Predicting Temporal Summation of Pain.

Predictor Coefficient SE t df p

 Intercept 41.60 13.07 3.18 139 <.01

  Gender 2.00 4.23 .47 139 .64

  Age .12 .34 .35 139 .73

  Education −.81 .58 1.40 139 .16

  Early-life adversity −.12 1.19 .10 139 .92

 Linear change 4.14 1.40 2.97 1282 <.01

  Gender −.58 .45 1.29 1282 .20

  Age −.05 .04 1.51 1282 .13

  Education −.04 .06 .72 1282 .47

  Early-life adversity .17 .13 1.31 1282 .19

 Quadratic change −.37 .15 2.46 1282 <.02

  Gender .03 .05 .60 1282 .55

  Age .00 .00 .73 1282 .47

  Education .01 .01 .92 1282 .36

  Early-life adversity −.01 .01 1.01 1282 .31

Note: Benjamini-Hochberg critical values: p = .06 (linear change); p = .06 (quadratic change).

J Behav Med. Author manuscript; available in PMC 2024 December 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Morris et al. Page 25

Table 5.

Multilevel Model: Racial Discrimination Predicting Temporal Summation of Pain.

Predictor Coefficient SE t df p

 Intercept 40.41 12.99 3.11 139 <.01

  Gender 1.89 4.20 .45 139 .65

  Age .18 .34 .55 139 .59

  Education −.83 .57 1.45 139 .15

  Racial discrimination −2.64 2.06 1.28 139 .20

 Linear change 4.05 1.40 2.89 1282 <.01

  Gender −.56 .45 1.24 1282 .22

  Age −.05 .04 1.36 1282 .17

  Education −.05 .06 .81 1282 .42

  Racial discrimination .06 .22 .26 1282 .80

 Quadratic change −.36 .15 2.44 1282 <.02

  Gender .03 .05 .55 1282 .58

  Age .00 .00 .70 1282 .48

  Education .01 .01 .98 1282 .33

  Racial discrimination −.02 .02 .68 1282 .49

Note: Benjamini-Hochberg critical values: p = .06 (linear change); p = .06 (quadratic change).
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