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Abstract

Native Americans (NAs) have higher pain rates than the general U.S. population. It has been
found that increased central sensitization and reduced pain inhibition are pronociceptive processes
that increase pain risk; yet, little attention has focused on the influence of psychosocial factors.
Discrimination is a psychosocial factor associated with increased pain in other minoritized groups;
however, it is unclear whether it also promotes pain in NAs. This study analyzed data from

269 healthy, pain-free participants (N=134 non-Hispanic whites [NHWSs], N=135 NAs) from

the Oklahoma Study of Native American Pain Risk. Experienced discrimination was measured
using the Everyday Discrimination Scale (EDS). Nociceptive processes were measured via static
measures of spinal sensitivity (nociceptive flexion reflex [NFR] threshold, 3-stimulation NFR
threshold), temporal summation of pain (TS-Pain) and nociceptive flexion reflex (TS-NFR), and
conditioned pain modulation of pain (CPM-Pain) and NFR (CPM-NFR). Results demonstrated
that greater discrimination was associated with enhanced TS-NFR and impaired CPM-NFR but
not static measures of spinal sensitivity or measures of pain modulation (TS-Pain, CPM-Pain).
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Although the effects of discrimination on outcomes were similar in both groups (not moderated
by ethnicity), NAs experienced higher levels of discrimination and therefore discrimination
mediated a relationship between ethnicity and impaired CPM-NFR. This indicates experienced
discrimination may promote a pain risk phenotype in NAs that involves spinal sensitization
resulting from impaired inhibition of spinal nociception without sensitization of pain experience.

Keywords

central sensitization; temporal summation; descending inhibition; conditioned pain modulation;
discrimination; ethnic differences; Native Americans

Introduction

Numerous studies have explored pain in minoritized groups, but they infrequently include
Native Americans (NAs)L24, This is a problem because NAs have the highest prevalence
rates of disability, migraines, comorbidity with psychiatric disorders, rheumatoid arthritis,
juvenile arthritis, chronic joint symptoms, lower back, neck, face, jaw and dental pain than
other minoritized groups’-28:38.71.75.88,89,

Pain is influenced by an interaction of biological (e.g., nociception), psychological (e.g.,
mood), and sociocultural (e.g., context) variables04043 and interactions among these
factors also make up a person’s ethnicity3. According to a survey?, 69% of U.S.

adults report experiencing discrimination, with 61% reporting everyday discrimination
(e.g., harassment). Moreover, minoritized groups report experiencing discrimination at
higher rates? (e.g., 81% of NAs report everyday discrimination). Thus, the experience of
discrimination is a psychosocial factor that could contribute to NA pain disparities.

Indeed, discrimination is associated with poor physical and mental
health20.49,51,66,76,79,106,108,109,124-127 'ayen after controlling for gender, race,
socioeconomic status, and age’®, and this relationship is stronger among minoritized
groups’®. Studies demonstrated an association between discrimination and enhanced
experimental and/or clinical pain13.15.17.19,29,31,44.48,54,56,59.116.118 bt most focused on
differences between NHWs and African Americans (AAs)13:15.17.19,29,44,48,54,56,59,116,118
To our knowledge, only 2 studies have examined this relationship in NAs. One study19
found two-spirit NAs (those identifying as having both masculine and feminine spirits)
experiencing discrimination were more likely to report physical pain and impairment.
Another found racial discrimination increased the likelihood of smoking among two-spirit
NAs, a relationship mediated by higher pain°.

Studies using experimental stimuli are necessary to explore the mechanisms associated
with the effects of discrimination (e.g., central sensitization, impaired pain inhibition). For
example, temporal summation (TS) of pain is produced by repetitive, constant-intensity
suprathreshold stimulation3468 in which stimulations become increasingly more painfulll’.
This summation is believed to result from CNS hyper-responsivity, a mechanism similar

to central sensitization — a key driver of chronic pain®:34.85.111.112,129,130 pgjn jnhibition

is often measured by conditioned pain modulation (CPM), in which the application
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of a painful conditioning stimulus inhibits pain evoked at another body site32, CPM
reflects brain-to-spinal cord mechanisms that inhibit spinal nociception4103.122 \hile
experimental pain is different from clinical pain, there are significant associations

between them (e.g., enhanced TS and impaired CPM are associated with greater clinical
pain)*-6.30.34,39.41,67,69,72,81,83,110,131

However, few studies have examined the relationship between discrimination and
experimental pain. One study found greater heat pain sensitivity among AAs experiencing
symptomatic knee osteoarthritis*8:59.116 Another study found discrimination moderated the
relationship between greater clinical pain severity and greater TS in a sample with sickle cell
disease’4. Therefore, experiences of discrimination may promote pronociceptive processes,
but studies have not examined this in NAs.

To address this gap in the literature, the current study examined the relationship between
experienced discrimination and pronociceptive processes (TS, CPM) in participants from
the Oklahoma Study of Native American Pain Risk (OK-SNAP). We assessed perceptual
outcomes as well as the nociceptive flexion reflex (NFR), an electrophysiological correlate
of spinal nociception®1105117 Thys, the dependent variables were static measures of spinal
sensitivity (NFR threshold, 3-stimulation NFR threshold) and dynamic measures of central
sensitization (TS of pain/NFR) and pain inhibition (CPM of pain/NFR). To fully explore the
role of discrimination, moderation analyses examined whether the effect of discrimination
was similar in NAs and non-Hispanic whites (NHWSs), whereas mediation analyses
examined whether discrimination promoted a NA disparity in pronociceptive processes.
Given we have previously found trauma exposure is associated with pronociception, we
controlled for this variable to determine the unique contribution of discrimination. We
predicted that: 1) discrimination would be associated with pronociceptive processes, 2) the
effect would be stronger in NAs, and 3) discrimination would mediate a NA pain disparity in
pronociceptive processes.

Materials and Methods

Participants

The participants in this study were healthy, pain-free individuals primarily from northeastern
Oklahoma. Recruitment was through newspaper ads, posted advertisements on the
laboratory website, radio and newspaper interviews, posted fliers, personal communications
with NA groups, online social media postings (e.g., Facebook), email announcements, and
word of mouth. Participants agreed to take part in a larger multi-year study that investigated
risk factors for chronic pain in NA populations, the Oklahoma Study of Native American
Pain Risks (OK-SNAP). Participants received a $100 honorarium for completion of each
testing day (or $10/hour of non-completed days). Data collection occurred between March
2014 and October 2018.

Participants were excluded based on the following self-reported conditions: neurological,
cardiovascular, neuroendocrine, musculoskeletal or circulatory problems; chronic or
persistent pain; use of over-the-counter pain medication within 2 weeks of participation;
current use of antidepressant, stimulant, anxiolytic, or high blood pressure medications;
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current psychotic symptoms, as screened by the Psychosis Screening Questionnaire?;
substance use problems; an inability to read/speak English; and being under 18 years

of age. Participants were also excluded for having a body mass index (BMI) of 35 or

above (due to difficulties obtaining NFR because of high adiposity). NA status was verified
from Certificate of Degree of Indian Blood or tribal membership cards. NA participants

in the current study represent tribal nations predominately from the southern plains and
eastern Oklahoma tribes, but to respect tribal confidentiality, tribal affiliations are not
reported. Participants were given information about the study procedures and provided
informed consent prior to testing. Participants were told that they were free to discontinue
participation at any time during the study and were compensated for the time they
participated in the study regardless of completion of study. All procedures were approved
by The University of Tulsa, Cherokee Nation, and the Oklahoma City Area Indian Health
Services Institutional Review Boards prior to data collection. Participants were pre-screened
over the phone to determine if they met the inclusion criteria and were also screened before
testing on their first scheduled testing day session.

Sample Size and Power Analysis

Procedures

A total of 391 participants attended the first laboratory visit, but 62 did not meet inclusion
criteria. Of the 329 who were deemed eligible, 22 were non-NA minorities (n=22) who
were not excluded from participation but were excluded from the present analyses. Two
participants’ data were lost due to a computer malfunction and 3 participants were later
determined to have type 1 or 2 diabetes and were also excluded. This resulted in 302
participants (NA=153, NHW=149) with at least partial data available for analysis. 227
completed both testing days, 46 completed one testing day, and 29 completed part of one
testing day. This resulted in 269 participants (NA=135, NHW=134) with data available for
analysis in the current study. Table 1 presents differences in study variables for those with
and without data, and Table 2 presents ethnic differences in participant characteristics.

This sample should provide power=.80 to detect associations =0.17 (with a=.05, 2-tailed).
Therefore, with an a.=.05 and a power=.80, this study should be able to detect an indirect
(mediated) path > 0.04, as calculated using MedPower65.84,

These were secondary analyses of OK-SNAP. The primary OK-SNAP study was conducted
over a 2-day period, each lasting 4-6 hours (for a thorough description see%8). Order of
testing day was counterbalanced, blocking for race and sex. Informed consent and inclusion/
exclusion screening were conducted on the first day, followed by a brief semi-structured
interview about the meaning of pain (data presented elsewhere33). On one of the testing
days the following nociceptive tests were administered and used for the current study:

NFR threshold, Pain30 threshold (if necessary), temporal summation of NFR threshold,
single electric stimulations (for temporal summation of pain, see description below),
temporal summation of NFR and electric pain, and CPM. Tests within each day were
partly randomized and breaks were provided between tasks to minimize carryover and
sensitization. Questionnaires were administered on each testing day at the beginning and
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during breaks to assess background characteristics, as well as psychosocial and health
predictors.

Background Variables and Physical Characteristics

Age was calculated as the years since birth at the time of study enrollment. Weight and
height were assessed from a medical scale to calculate BMI in kg/m2. A medical grade
device (Dinamap; Tampa, FL) was used to measure resting systolic and diastolic BP 3 times
at the beginning of each testing session (3 min inter-test interval) while the participant sat
comfortably in a recliner with their arm resting on the arm of the chair. The average of each
variable from the first testing day was used in this study.

Socioeconomic status (SES) was assessed by education level and household income.
Education level was assessed by a single variable that asked participants to report their
highest completed level of education. Responses were: less than 7t grade, junior high
school (9t grade), partial high school (10t or 11t grade), high school graduate, partial
college, standard college or university graduation, graduate professional training. Due to
limited variability at the lower and upper ends of the scale, the variable was winsorized into
3 levels: less than high school or high school graduate, partial college, college/graduate
school graduate. A single item asked participants to report on their annual household
income from earnings, unemployment, worker’s compensation, social security, alimony,
child support, etc. during the previous year. Ten response categories were provided:

<$10K, $10K-14.9K, $15K-24.5K, $25K-34.9K, $35K-$49.9K, $50K-74.9K, $75K-$99.9K,
$100K-149.9K, $150K-199.9K, and =$200K. However, due to limited variability at the
upper end of the scale, all responses above $50K were winsorized into a single category)
thus truncating the scale to 6 levels.

The General Health Perceptions subscale of the Medical Outcomes Study 36-item Short
Form Health Survey (SF-36)119 was used to assess perceptions of physical health. Scores are
standardized to a possible range from 0 to 100, with higher scores indicating better physical
health.

Psychosocial Variables

Experienced Discrimination.—The Everyday Discrimination Scale (EDS) is a 9-item
measure about experiences of daily discrimination, that measures the frequency of
chronic, routine, and relatively minor experiences of unfair treatment in day-to-day life
experiences36:128  Participants were asked, “In your day to day life, how often do any of
the following things happen to you?” and responded to each of the 9-items on a 6-point
Likert-scale ranging from 1 to 6: “1=Almost every day,” “2=At least once a week,” “3=A
few times a month,” “4=A few times a year,” “5=Less than once a year,” and “6=Never.”
Items were reverse scored and then a mean was computed with a possible range of 1 to 6,
with higher scores indicating greater experienced discrimination.

Trauma Exposure.—To assess for exposure to potentially traumatic events, the Life
Events Checklist (LEC) for the Diagnostic and Statistical Manual of Mental Disorders, 4th
edition, Text Revision, was administered®. The LEC is a self-report measure containing
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17 items asking participants whether they have directly experienced, witnessed, or learned
about various potentially traumatic events in their lifetime; each item assesses a single
stressful/traumatic event (e.g., natural disaster, transportation accident, physical assault,
sexual assault). The LEC has been found to be a reliable and valid measure of exposure

to potentially traumatic events®C. In the current study, trauma exposure was operationally
defined as having direct exposure (answering “happened to me”) to any items on the LEC.
Thus, the number of traumatic events that happened to the participants was summed to
generate a cumulative exposure score83113 with a possible range of 0-17.

Perceived Stress.—The Perceived Stress Scale (PSS) is a 14-item questionnaire that
assesses how much participants appraised life situations as stressful. It has been used
extensively to assess perceived stress in research on ethnicity and pain’’. The PSS asked
about feelings and thoughts for the past month2L. Scores were summed such that they ranged
from 0 to 40, with higher scores indicating higher perceived stress.

Psychological Distress.—The Symptom Checklist-90-Revised (SCL-90-R) was used to
assess general psychological functioning?’. The scale consists of 90 items that assess various
psychological symptoms (e.g., depression, phobic anxiety, paranoia). The Global Severity
Index (GSI) of the SCL-90-R was used to assess overall psychological distress. Total GSI
scores had a possible range from 0 to 4 with higher scores indicating greater psychological
distress.

Processes

Nociceptive Flexion Reflex (NFR) Threshold.—NFR is a polysynaptic, spinal reflex
elicited in response to A8 fiber activation, so it is used as a measure of spinal nociception19°,
NFR was measured from left biceps femoris (hamstring) EMG using 2 Ag-AgCl electrodes
positioned approximately 10 cm superior to the popliteal fossa*2%0, A common reference
electrode was placed over the lateral epicondyle of the femur. Sensors were filled with
conductive gel (EC60; Grass Technologies). The EMG signal was collected, filtered (10 Hz
to 300 Hz), and amplified (x10,000) using a Grass Technologies (West Warwick, RI) Model
15LT amplifier (with AC Module 15A54). The skin was cleaned with alcohol and exfoliated
(Nuprep gel; Weaver and Company, Aurora, CO) to achieve impedances <5kQ. EMG was
sampled and digitized at 1000 Hz using a National Instruments analog-to-digital converter
(Austin, TX).

NFR threshold (the stimulus intensity necessary to reliably elicit the reflex) was used as a
static measure of spinal nociceptive sensitivity (lower thresholds=greater sensitivity). NFR
threshold was assessed from 3 ascending-descending staircases of stimulations®L. Each
stimulus consisted of a train of 5 1-ms pulses with 3-ms interstimulus interval that was
experienced as a single stimulus. The first staircase began at 0 mA and increased in 2

mA increments until a reflex was observed (defined as when the averaged, rectified EMG
activity of the biceps femoris in the 90 to 150 ms post-stimulus interval was 1.4 SD greater
than the averaged, rectified biceps femoris EMG activity during the 60 ms pre-stimulus
baseline interval) 91. Once an NFR was obtained, the stimulus intensity decreased in 1 mA
steps until a reflex was not observed. The second and third ascending-descending staircases
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used 1 mA step increments. The interval between electric stimuli varied randomly (8 to 12 s)
to minimize predictability and reflex habituation. NFR threshold was defined as the average

stimulus intensity (mA) of the two peaks and two troughs of the last 2 ascending-descending
staircases.

In the event that stimulations at NFR threshold were not experienced as painful, the
stimulation intensity was increased from NFR threshold in 2 mA steps until a rating of
30 was achieved on the VAS (i.e., Pain30; this was only used for stimulation intensity
determination for CPM and thus not reported further).

3-Stimulation NFR Threshold.—3-stimulation NFR threshold is a measure of spinal
nociceptive sensitization. It was defined as the stimulus intensity required to evoke an
NFR on the last stimulus of a series of 3 electric stimulations. Each stimulus consisted
of a train of 5 1-ms pulses with 3-ms interstimulus interval. To assess this 3-stimulaton
NFR threshold, a series of 3 electric stimulations were delivered with an inter-stimulus
interval of 0.5 s (2.0 Hz). The series started at 0 mA and increased in 2 mA steps until an
NFR was evoked by the third stimulus in the series. The stimulus intensity at which the
NFR was evoked was used as 3-Stimulation NFR threshold. This task is akin to what has
been described in the literature as temporal summation of NFR threshold?3:80; however, its
definition does not require summation of the reflex across the 3-stimulus series (reflexes
could decrease across the 3 stimulations, although this is rare).

Conditioned Pain Modulation.—A CPM task was used to assess descending inhibition.
In this study, CPM involved the assessment of pain and NFR in response to test stimuli
before, during, and after a tonic conditioning stimulus (CS) delivered at a distal body site
from the test stimulus. In healthy humans, the CS should inhibit pain evoked by the test
stimuli®4. The test stimuli were electrical stimulations (intensity = highest of 120% NFR
threshold, 120% temporal summation threshold, or 100% electric Pain30) delivered to the
left ankle. The CS was exposure to a 2-min long circulating cold-water bath maintained

at a temperature of 10+0.1°C. CPM consisted of three 2-min phases: baseline (test

stimuli delivered prior to cold water), conditioning (test stimuli delivered while hand/arm
is submerged in cold water), and post-test (test stimuli delivered after conditioning). A
2-min rest occurred between baseline and conditioning and a 5-min rest occurred between
conditioning and post-test. During conditioning, participants were instructed to submerge
their right hand up to their forearm in the painfully cold water and to keep their hand palm
down with fingers spread. Each 2-min phase, consisted of a 20 s wait period, followed

by 5 electric test stimuli (random 8-12 s inter-stimulus interval). Participants provided

pain ratings in response to the electric stimulations verbally using a numerical rating scale
(NRS) that was constantly displayed on a computer screen (0 “no pain”, 20 “mild pain”, 40
“moderate pain”, 60 “severe pain”, 80 “very severe pain”, and 100 “worst possible pain”)
and an experimenter recorded the ratings. NFR magnitudes in response to electric stimuli
were used to assess within-subjects changes in spinal nociception®2. NFR magnitudes were
calculated as a d-score [NFR d = (mean rectified EMG of 90 to 150 ms post-stimulation
interval minus mean of rectified EMG from —60 to 0 ms prestimulation interval) divided
by the average standard deviation of the rectified EMG from the two intervals]. Trials with
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NFR baselines higher than 3.0 pV were excluded from analyses due to excessive muscle
tension and/or noise in the recording (3% of trials were excluded). CPM of pain/NFR was
conceptualized as the difference in the electric pain/NFR during the CS relative to the
electric pain/NFR during the baseline phase.

Temporal Summation.—Temporal summation of the nociceptive flexion reflex (TS-
NFR) assesses the degree of spinal neuron hyper-excitability following a series

of suprathreshold stimulations1’, and is believed to be a correlate of windup in
animals’8134.135 The suprathreshold stimulus intensity used for this task was set at 120%
of NFR threshold or 120% of 3-Stimulation NFR threshold, whichever was higher (in mA).
Each stimulus consisted of a train of 5 1-ms pulses with 3-ms interstimulus interval. In

the present study, TS-NFR was defined as the change in reflex magnitude across a series
of 3 suprathreshold stimuli. To assess this, 5 trains of 3 suprathreshold stimuli (0.5 s ISI)
were used to assess temporal summation. After each train of stimuli, participants were
instructed to rate their pain intensity in response to each of the 3 stimulations, using a set
of 3 computer-presented VASs ranging from “no pain sensation” to “the most intense pain
sensation imaginable.” After the participant completed the ratings, there was an inter-train
interval of 8-12 s. The baseline EMG in the 60 ms prior to the third stimulus in the stimulus
series was visually inspected in real-time by the experimenter for excessive muscle tension
or voluntary movement. If the mean rectified EMG exceeded 5 UV, the train was repeated
in order to ensure that EMG activity in the post-stimulus interval was not contaminated by
muscle tension unrelated to the NFR117. NFR magnitudes in response to each stimulus in
the 3-stimulus train were calculated in d-units by first subtracting the 60 ms baseline prior
to the first stimulus in each train from the EMG response 70-150 ms after each stimulus

in the train. This difference was then divided by the average of the standard deviations of
the rectified EMG from these two intervals. Of note, the post-stimulus interval used here
differs from the assessment of NFRs during NFR threshold and CPM (i.e., 90-150 ms
post-stimulus) because repeated stimulations with a short (0.5 s) inter-stimulus interval can
result in a shorter NFR onset latency3:117,

Temporal summation of pain is believed to be the psychophysical correlate of spinal neuron
facilitation34:86, but TS-NFR and TS-Pain can diverge®® indicating that the nociceptive
signal may undergo additional supraspinal modulation after ascending from the spinal level
to impact the degree of pain perception facilitation. Assessing TS-Pain from the 3-stimulus
series noted above is not ideal, because the 2 Hz series (i.e., 0.5 ISI) is too fast for
participants to make pain ratings immediately following each stimulus. As such, all 3 ratings
must be made after the third stimulus, which can be affected by recall bias, especially

for the first two stimuli in the series. Therefore we took an approach to define TS-Pain
similar to other studies using both electric3” and mechanical®’ stimuli. 5 single electric
stimuli were delivered using the same suprathreshold intensity as that used during TS-NFR.
However, these stimuli had an interstimulus interval that would preclude the evocation of
temporal summation (8-12 s ISI; i.e., 0.125 to 0.08 Hz). Participants made pain ratings
immediately after each stimulus using the same VAS described above. TS-Pain was defined
as the difference in pain rating of these single stimuli (in which no pain summation had
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occurred) and the rating of the 3™ stimulus in the 3-stimulus train delivered during TS-NFR
(in which pain summation had occurred).

Data Analysis

Unless otherwise noted, analyses and data screening were conducted with SPSS (IBM; v27).
Prior to primary analyses, variable distributions were screened using boxplots, histograms,
and normality statistics. Variables with positive skew were log10 transformed (i.e.,
psychological distress, discrimination). Next, outliers were identified using Wilcox’s MAD-
median procedure (using the recommended 2.24 cutoff) and then winsorized by replacing
the outlier value with the next nearest non-outlier value!?L. The following variables were
winsorized: mean arterial blood pressure, health perception, ALEs, discrimination, perceived
stress, psychological distress, NFR threshold, 3-Stimulation NFR threshold, CPM-pain,
CPM-NFR, TS-pain, TS-NFR. For all analyses, significance was set at p<.05.

To analyze univariate group differences (completers vs. non-completers; NAs vs. NHWS5),
independent samples t-tests were conducted on continuous-like variables and chi-squared
tests were conducted on categorical variables.

Several control variables were used in the analyses because prior or current OK-SNAP
analyses have found ethnic group differences that need to be controlled (i.e., general

health perception, blood pressure, BMI, age). Further, biological sex was controlled due

to well established sex differences in pain and nociceptive processing®14100. Analyses also
included education level and household income to control for socioeconomic status2>101,
To establish that discrimination predicts pain processing above and beyond the effect of
other psychological stressors, ALES, perceived stress, and psychological distress were also
included®3.113,

Prior to primary analyses, missing values on predictors and control variables were

imputed using the expectation maximization algorithm in LISREL v8.8 (Scientific Software
International; Lincolnwood, IL)61. Missingness for each variable was: general health
perception, stress, psychological distress, education, ALEs, and discrimination had 0.7%
each missing; BM1=1.8%, income=2.6%, and MAP=2.2%. All others had complete data.
Imputation helped maintain the entire sample because regression and mediation analyses use
listwise deletion.

To examine the moderated relationships between discrimination and static markers of spinal
sensitization (NFR threshold, 3-Stimulation NFR threshold), multiple regression analyses
were conducted in PROCESS and bootstrapped estimates and confidence intervals were
created for the unstandardized regression weights.

To analyze TS and CPM variables, multilevel growth models were conducted with pain
ratings or NFR magnitudes as the dependent variable. Data for these models were kept in
“long form,” meaning that each participant had multiple rows of data that corresponded

to each stimulation they received during each task. Participants served as level 2 units in
the models and stimulations served as level 1 units. The within-subject variance covariance
structure was modeled as a first-order autoregressive matrix (AR1) to account for the
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significant autocorrelation in the repeated measures. A variable called Stimulus Number
was entered into these analyses to model the linear slope of temporal summation (i.e.,

the change in pain/NFR across the TS stimulations) or the linear slope of descending
inhibition (i.e., the change in pain/NFR from baseline and conditioning during CPM). Train
Number was also entered as a predictor to account for variance in pain/NFR across the 5
trains (for TS analyses only). Discrimination, ethnicity, and their interactions with Stimulus
Number were the primary predictors of interest. All continuous variables were centered

by subtracting the grand mean to reduce multicollinearity and aid interpretation. Ethnicity
was coded 0=non-Hispanic White, 1=Native American. Sex was contrast coded (Male=-1,
Female=1). The models included a random intercept and a random slope for Stimulus
Number (to allow summation to vary across participants). Finally, the intercepts and slopes
were allowed to covary to control for the law of initial values (i.e., pain/NFR that is higher
in response baseline values is less likely to summate but more likely to inhibit for TS and
CPM, respectively). The main effects of discrimination and ethnicity examined whether
these variables were associated with overall levels (i.e., the intercept) of pain/NFR. The
interactions of Discrimination X Stimulus Number and Ethnicity X Stimulus Number tested
whether discrimination or ethnicity (respectively) were associated with TS-pain, TS-NFR,
CPM-pain, or CPM-NFR. The Discrimination X Ethnicity X Stimulus Number interaction
tested whether the relationship between discrimination and TS/CPM differed in NAs.
Control variables that were entered included: Age, Sex, Perceived Stress, Psychological
Problems, Negative Affect, Positive Affect, and Suprathreshold Stimulus Intensity. In the
event of a significant interaction, simple effects for CPM phase or Stimulus Number were
calculated for each of the low, medium, and high values of the discrimination variable (i.e.,
-1 SD, mean, +1SD) to evaluate the effect of discrimination on CPM/TS.

To examine whether discrimination mediated a NA disparity in pronociceptive processes,
PROCESS software (v3.3) was used to conduct bootstrapped mediation analyses from
5000 random samples®®. Significant mediation occurs when 0 is not contained in the 95%
bootstrapped confidence interval for the indirect effect.

For these analyses, CPM of pain/NFR was defined as the difference in the average electric
pain/NFR during the CS minus the average electric pain/NFR during the baseline phase.
TS-Pain was defined as the difference between average rating of these single stimuli and the
average rating of the 3" stimulus in the 3-stimulus train delivered during TS-NFR.

Differences in Those with and without Data

Table 1 presents differences between those with and without data. As can be seen,
those included in the study reported higher psychological distress and higher educational
attainment. No other differences were statistically significant.

Ethnic Differences on Study Predictors

Table 2 presents results of ethnic group differences for participants included in the current
study. As shown, when compared to NHWSs, NAs were slightly older, had higher BMI and
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blood pressure, reported more psychological distress and discrimination, and had a higher
NFR threshold and stimulus intensity used during TS testing.

Is Discrimination Differentially Associated with Nociception for NAs and NHWs?: Tests of

Moderation

Static Measures of Spinal Nociception.—Table 3 depicts the results of the regression
analyses predicting NFR threshold and 3-Stimulation NFR threshold. The only significant
predictor of NFR threshold was age, with higher age being associated with a higher
threshold. Discrimination and the Ethnicity x Discrimination interaction were significant
predictors of 3-Stimulation NFR Threshold. On average, discrimination was associated
with a higher threshold, but the interaction suggests this differs by ethnicity. For NAs,

the relationship between discrimination and 3-Stimulation NFR threshold was negative,
whereas the relationship for NHWs was positive (Fig 1). However, neither simple effect
was significant (NHW: simple slope=7.1947, p = 0.061; NA: simple slope = —4.9865, p

= 0.131); therefore, neither relationship is statistically reliable. As a result, discrimination
did not significantly predict static measures of spinal nociception (the significant interaction
negates the main effect of discrimination on 3-Stimulation NFR threshold).

Conditioned Pain Modulation.—Table 4 presents the results of the multilevel model
predicting CPM-pain. There was a significant main effect of CPM Phase indicating that
pain was inhibited by the cold water CS (Fig 2A). However, this effect was not moderated
by discrimination or ethnicity. The significant effect of stimulus intensity indicated that
ratings were higher when stimulus intensity was higher. The significant effect of stimulus
number indicated that pain ratings increased across the 5-stimulus series in each CPM phase.
Higher education and lower health perceptions were associated with higher pain ratings.
Results of the random effects indicated that there was still significant variance left in the
intercept, slope of stimulus number, and slope of CPM phase to be explained. There were
also significant covariances between the intercept and slope of CPM Phase, suggesting

that persons with higher pain during the baseline phase were more likely to show greater
inhibition during the cold water CS, and vice versa. The significant covariance between the
intercept and slope of stimulus number suggests that persons with higher pain ratings during
the baseline phase were more likely to show greater pain habituation in the 5-stimulus series
in each CPM phase.

Table 5 presents the results of the multilevel model predicting CPM-NFR. There was a
significant CPM Phase x Discrimination interaction indicating that NFR inhibition due

to the cold water CS was strongest for those experiencing lower discrimination, but
impaired for those experiencing moderate discrimination, and transitioned to facilitation
for those experiencing high discrimination (Fig 2B). This effect was not moderated by
ethnicity. The significant effect of stimulus intensity indicated that NFRs were larger when
stimulus intensity was higher. The significant effect of stimulus number indicated that NFRs
decreased (habituated) across the 5-stimulus series in each CPM phase. Results of the
random effects indicated that there was still significant variance left in the intercept, slope
of stimulus number, and slope of CPM phase to be explained. There were also significant
covariances between the intercept and slope of CPM Phase, suggesting that persons with
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larger NFRs during the baseline phase were more likely to show greater NFR inhibition
during the cold water CS, and vice versa. The significant covariance between the intercept
and slope of stimulus number suggests that persons with larger NFRs during the baseline
phase were more likely to show greater NFR habituation in the 5-stimulus series in each
CPM phase. The significant stimulus number and CPM phase covariance suggests that NFR
inhibition during the cold water CS was larger for those showing stronger NFR habituation
across the 5 stimulus series in each CPM phase.

Temporal Summation.—Table 6 presents the results of the multilevel model predicting
TS-Pain. The significant main effect of stimulus number/summation indicated that pain
ratings summated. This summation was not moderated by ethnicity or discrimination (Fig
3A). The main effect of train number suggests that pain ratings increased across each of
the 5 trains of stimuli. The main effect of stimulus intensity indicates that higher stimulus
intensity was associated with higher pain ratings. Results of the random effects indicated
that there was still significant variance left in the intercept and the summation slopes. There
was also significant covariance between the intercept and summation slope suggesting that
persons with higher pain ratings in response to the single stimuli showed greater pain
summation.

Table 7 presents the results of the multilevel model predicting TS-NFR. The significant
main effect of stimulus number/summation indicated that NFR summated, but this was
moderated by discrimination. As shown in Fig 3B, summation of NFR increased with
greater experienced discrimination. This was not moderated by ethnicity. The main effect

of train number suggests that NFRs decreased across each of the 5 trains of stimuli. The
main effect of education indicated that higher education was associated with smaller NFRs.
Results of the random effects indicated that there was still significant variance left in the
intercept and the summation slopes. There was also significant covariance between the
intercept and summation slope suggesting that persons with larger NFRs to the first stimulus
in each series showed less summation.

Does Discrimination Promote Pronociceptive Processes in NAs?: Indirect (Mediated)

Effect Tests

Table 8 presents the results of PROCESS bootstrapped indirect effect tests.

Static Measures of Spinal Nociception.—Discrimination did not contribute to a NA
disparity in NFR threshold or 3-Stimulation NFR threshold.

Conditioned Pain Modulation.—Discrimination did not contribute to a NA disparity in
in pain inhibition (CPM-pain) but did contribute to a NA disparity in impaired inhibition

of spinal nociception (CPM-NFR). The positive sign of the indirect effect indicates that
NAs experienced higher discrimination that in turn impaired descending inhibition of spinal
nociception.

Temporal Summation.—Discrimination did not contribute to a NA disparity in TS-pain
or TS-NFR.
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Discussion

This study examined the effects of discrimination on pronociceptive processes in NAs

and NHWs. Discrimination was associated with greater TS-NFR (central sensitization) and
impaired CPM-NFR (impaired inhibition of spinal nociception), even after controlling for
exposure to traumatic events, perceived stress, and psychological distress. The strength

of the relationships did not differ between ethnic groups, but discrimination served as a
mediator between NA ethnicity and CPM-NFR, suggesting it promotes impaired descending
inhibition of spinal nociception in NAs. Discrimination was not related to static measures of
spinal sensitivity (NFR threshold, 3-Stimulation NFR threshold; suggesting results are not
due to a general sensitization of motoneurons), TS-Pain, or CPM-Pain.

Discrimination is Associated with Modulation of Spinal Nociception

To our knowledge, this is the first study to find that discrimination is associated with
enhanced spinal nociception (TS-NFR, CPM-NFR). Prior studies have found a positive
relationship between discrimination and chronic pain conditions1324, including back pain31,
osteoarthritis*®116 knee painl18, and frequent/severe headaches*4. Although it is rarely
studied in experimental settings, experienced discrimination is associated with greater heat
pain sensitivity*® and greater mechanical TS-Pain’# in chronic pain samples.

Our finding that discrimination led to spinal sensitization, but not pain sensitization (TS-
Pain) or impaired pain inhibition (CPM-Pain), is somewhat surprising, as enhanced spinal
nociception should contribute to greater pain. This discrepancy between spinal nociception
and subjective pain ratings may result from separate modulatory processes occurring at
spinal and supraspinal levels, respectively. Indeed, an imaging study®? found that CPM-
Pain and CPM-NFR are mediated by distinct cerebral and cerebrospinal mechanisms,
respectively. Similarly, TS-NFR and TS-Pain are also likely modulated by separate circuits
and have been found to diverge (e.g., pain catastrophizing influences TS-Pain but not
TS-NFR99). Consistent with this interpretation, the correlation between CPM-pain and
CPM-NFR was r=-.009 (p=.88) and between TS-pain and TS-NFR was r=.195 (p=.001).

Although discrimination predicted enhanced TS-NFR, it was not related to static measures
of spinal sensitivity (i.e., NFR threshold, 3-stimulation NFR threshold). This implies
discrimination may contribute to spinal sensitization via increased N-methyl-D-aspartate
receptor activity, which is believed to be responsible for TS-NFR®3. Together, our results
indicate that discrimination may contribute to impaired descending inhibition of spinal
nociception as well as spinal facilitation without similarly impairing pain inhibition or pain
facilitation.

Does Discrimination Lead to Latent Sensitization?

Since discrimination predicted enhanced spinal nociception without predicting enhanced
pain, discrimination may promote /atent sensitization (LS; see Fig 4), a chronic pain
vulnerability observed in animal models defined as the presence of spinal sensitization

in “silent form” without signs of pain hypersensitivityl1>. LS can be initiated after
injuries (e.g., paw incision) or non-nociceptive environmental stressors’%:87:102 that cause
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initial hyperalgesia. However, hyperalgesia is brief because it is offset by compensatory
endogenous inhibitory processes, which resolve the hyperalgesia. Yet, spinal sensitization
remains23. The sensitization is “latent” because it occurs without pain behaviors or
hyperalgesia. According to the LS model, subsequent injuries/stressors can then trigger a
re-emergence of hyperalgesia, promoting chronic pain onset. Correspondingly, psychosocial
stressors, like discrimination, may serve as triggering events for LS-like states in
humans87-102115 Together, the cumulative effects of discrimination and other psychosocial
stressors may cause fatigue in compensatory inhibitory systems, leading to hyperalgesia
and chronic pain. LS may help explain the novel findings in the current study and serves
as a potential phenotype for chronic pain risk in NAs. Importantly, these findings add to

a growing body of evidence that a number of stress-related factors (e.g., sexual assault,
cumulative trauma exposure, cardiometabolic allostatic load) may contribute to spinal
sensitization without impacting pain perception®”:95:97, Therefore, discrimination seems to
also promote chronic pain risk through a LS-like mechanism.

Discrimination Hurts, Regardless of Ethnicity

The current and prior3:48.74.118 sty dies support the argument that discrimination is
associated with chronic pain risk. But the present study extends the body of research

on the pronociceptive effects of discrimination by assessing healthy, pain-free individuals
without chronic pain. Importantly, this difference in our sample may explain why studies
with chronic pain patients found a relationship between discrimination and hyperalgesia
while the present study did not*8.74 (Fig 4). Indeed, discrimination would be expected

to promote hyperalgesia once endogenous pain inhibition fails and chronic pain ensues.
By contrast, the model in Figure 4 hypothesizes that discrimination would only lead to a
temporary hyperalgesia in individuals who are currently pain-free, because compensatory
pain inhibitory mechanisms would activate to offset it.

Contrary to our hypothesis that the effect of discrimination would be stronger in NAs

than in NHWs, discrimination was equally associated with enhanced spinal sensitization
and impaired descending inhibition of spinal nociception in both groups. However,
discrimination may still lead to increased pain risk in NAs because they report higher
experienced discrimination. Consistent with this, we found that discrimination was a
mediator for impaired descending inhibition of spinal nociception (CPM-NFR) for NAs.
Indeed, recent analyses of longitudinal follow-up data from OK-SNAP found that impaired
CPM-NFR prospectively predicted individuals who developed chronic pain, that NAs
developed chronic pain at higher rates, and that impaired CPM-NFR mediates this NA
pain disparity®. Therefore, experienced discrimination appears to contribute to chronic pain
risk in NAs given that NAs experience higher rates of discrimination and discrimination is
associated with impaired CPM-NFR.

Treatment and Clinical Implications

Health inequities are often explained by innate or biological deficits in minoritized groups
in comparison to NHWSs, when in reality, there are larger, systemic factors not considered
or insufficiently measured!1:12:62 |ndeed, public health experts recommend that in order to
reduce health inequities, it is vital to better define, understand, and address societal factors
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that perpetuate them23. Unfortunately, developing interventions that specifically target the
intersectional effects of discrimination is challenging due to the nature of discrimination as a
structural and systematic psychosocial construct.

Additionally, research shows that disease trajectories may often start early and persist
throughout the lifespan unless addressed?6:62, Exposure to early life adversity during
sensitive developmental periods may be associated with pronociceptive effects in the
future197, such as pain amplification132 and spinal sensitization®2132.133 |t js recommended
to develop and implement interventions that address early life adversity (perhaps through
a traumatic-stress perspectivel8) and focus on early-childhood to foster protective factors
and encourage adaptation to persistent stress62. For instance, researchers have found that
intergenerational communication between youth, adults, and elders about the meaning of
cultural identity and group membership can foster resiliency in young NAs20, The pain
research community has also long-considered how to address pain inequities by increasing
advocacy and enacting policy to increase the reach of relevant findingsZ.

Providers may also benefit from routine assessment of discrimination and its potential

effect on the patient’s well-being!14, particularly for those who are already at high-risk

for chronic pain1®. Importantly, practitioners are urged to continuously seek understanding
of the cultures of the communities they serve2258, Additionally, brief cognitive-behavioral
interventions have been found to reduce spinal sensitization1%4, and relaxation strategies
increase inhibition of spinal nociception3®%4 Finally, it is vital to consider these implications
within a social justice framework, as this may encourage the advocacy necessary to bring
forth systemic changes that are long overdue.

Limitations and Future Directions

Since only healthy and pain-free individuals were recruited, the generalizability of

our findings to other populations is limited. Further, variances for the discrimination
variable were unequal. Results should be interpreted with caution given this might have
impacted the magnitude of the group-level relationships. Although multiple tribes were
represented, results may not generalize to NAs from other regions. In fact, NA scholars
often lament that the heterogeneity of tribal nations is overlooked, and instead NAs

are considered one monolithic group®®. Additionally, requiring CDIB/tribal membership
cards as proof of ethnic identity can limit inclusion of participants that are unable

to obtain such documentation. Given that pain risk is influenced by the experience of
discrimination, extending our findings to others that self-identify as NA (but without CDIB/
tribal membership) may be important. Next, the current study was cross-sectional and
correlational which does not allow for determination of causal effects. Also, no family-wise
Type | error correction was conducted, thus results should be interpreted with caution until
replicated. Further, our assessment of TS-pain and TS-NFR involved different procedures
that might have led to divergent relationships with discrimination, although this cannot
explain the divergent findings with CPM-pain and CPM-NFR.

The EDS is a widely-used instrument, but it does not measure several important
aspects of discrimination (e.g., frequency, chronicity, distress caused) thus, assessment of
discrimination could be improved. It might also be important to assess the developmental
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period during which discrimination occurred, given that early life adversity can be related
to pain risk!32133, Finally, participants in this study reported more psychological distress
and higher education than participants who did not contribute data, which may limit the
generalizability of the results.

Discrimination was associated with spinal sensitization (enhanced TS-NFR, impaired CPM-
NFR) in NAs and NHWs, but produced a NA disparity in impaired descending inhibition

of spinal nociception. These findings provide preliminary evidence that discrimination
promotes latent sensitization (spinal sensitization in the absence of hyperalgesia), which
might increase chronic pain risk.
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Perspective:

This study found that discrimination was associated with spinal sensitization and
impaired descending inhibition of spinal nociception. These findings bolster our
understanding of how social stressors experienced disproportionately by minoritized
groups can contribute to pain outcomes.
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Highlights

Native Americans experience higher rates of chronic pain than other U.S.
groups

Native Americans reported greater experienced discrimination
Discrimination mediated an inequity in impaired inhibition of spinal
nociception

Thus, experienced discrimination may contribute to Native American pain
inequities
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Figure 1.
The relationship between experienced discrimination and 3-stimulation nociceptive flexion

reflex (NFR) threshold (a static measure of spinal sensitivity). There was a significant
Ethnicity x Discrimination interaction; however, the simple regression slope between
discrimination and 3-stimulation NFR threshold was non-significant in both ethnic groups.
NA=Native American. NHW=non-Hispanic white.
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Figure 2.

The relationship between experienced discrimination and descending inhibition of pain
(panel A) and the nociceptive flexion reflex (NFR; panel B), as measured by the conditioned
pain modulation (CPM) task. As shown in panel A, pain inhibition was not moderated

by discrimination, but NFR inhibition was (panel B). For those who experienced low
discrimination (=1 SD), there was significant NFR inhibition by the cold-water conditioning
stimulus (CS). However, NFR inhibition was impaired in those with moderate (mean) levels
of discrimination, and NFR was facilitated by the cold-water CS in those experiencing high
discrimination (+1 SD).
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The relationships between experienced discrimination and temporal summation of pain
(TS-Pain; panel A) and temporal summation of the nociceptive flexion reflex (TS-NFR;
panel B). Discrimination did not impact TS-Pain (persons experiencing low, moderate, and
high discrimination all showed similar pain summation), but TS-NFR was moderated by
discrimination. Although persons experiencing low, moderate, and high discrimination all
showed significant summation of NFR, higher discrimination was associated with greater

TS-NFR (panel B).
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Figure 4.

Hypothetical developmental trajectory for the effect of discrimination on latent sensitization
and chronic pain risk, adapted from Rhudy and Hellman®3 and Taylor and Corder1®.
Together, OK-SNAP studies suggest that psychosocial stressors increase pain risk, which
can occur via a process akin to latent sensitization. Under low chronic pain risk, it is
expected that pain regulatory systems function adequately. However, when an injury/stressor
is encountered this can produce spinal sensitization and a temporary hyperalgesia that is
offset via endogenous pain inhibition. Risk increases as time progresses and with an increase
of stressors (e.g., experiences of discrimination). The added burden could lead to an eventual
dysfunction of pain inhibition, allowing pain facilitation, and an “unveiling” of latent spinal
sensitization. The yellow band in the middle represents the time in the trajectory in which
the present sample was likely assessed (after hyperalgesia had been resolved).
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Table 1.

Differences between participants with and without data for the current study

Page 30

Participants without Data

Participants with Data

95% CI for ES

(n=33) (n=269)
Continuous Variables N M SD N M SD t p-value Cohen'g Lower  Upper
Age (years) 33 33.91 14.55 269 29.07 12.86 1.85 0.072 0.41 0.04 0.77
BMI (kg/m?) 33 25.68 3.78 264 24.95 4.30 0.95 0.341 0.18 -0.19 0.54
Blood Pressure (MAP; 31 8863 918 263 8555 994 176  0.080 033 -004 071
mmHg)
General Health
Perception (SF-36; 0— 26 79.62 14.62 267 79.40 13.85 0.03 0.976 0.01  -0.40 0.41
100)
Trauma Exposure -
(LEC: 0-5) 33 2.00 1.64 267 1.91 1.53 0.30 0.762 0.06 0.31 0.42
Perceived Stress (PSS;
0-40) 26 11.77 6.04 267 14.08 6.26 -1.79 0.074 -037 -0.77 0.04
Psychological Distress 26 023 020 267 039 038 -219 0029 -045 -086 005
(GSI; 0-4)
Experienced
Discrimination (EDS; 26 1.89 0.89 267 1.89 0.89 0.00 0.997 0.00 -0.40 0.40
Categorical Variables N % N % X2  p-value
Female Sex 18 54.5% 145 53.9% 0.01 0.944
NA Ethnicity 18 54.5% 135 50.2% 0.22 0.636
Income
<$10K 15 46.9% 81 30.9% 5.09 0.406
$10K-14.9K 3 9.4% 33 12.6%
$15K-24.5K 2 6.3% 33 12.6%
$25K-34.9K 1 3.1% 26 9.9%
$35K-$49.9K 5 15.6% 34 13.0%
2$50K 6 18.8% 55 21.0%
Education
<High School / High
School 16 48.5% 41 15.4% 20.96  <0.001
Partial College 10 30.3% 129 48.3%
College /
Professional School
Grad 7 21.2% 97 36.3%

Note: Ns, means, and standard deviations are from untransformed variables, whereas the t-test, p-values, and Cohen’s d results were from

transformed and winsorized variables (as necessary). Cl for ES=confidence interval for Cohen’s d effect size.
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Table 2.

Differences in background variables by ethnic group.
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NHW (n=134) NA (n=135) 95% ClI for ES

Continuous Variables N M SD N M SD t p-value Cohen’sd Lower Upper
Age (years) 134 2831 1339 135 29.82 1231 -4.86 <.0.001 -0.59 -0.84 -0.35
BMI (kg/m2) 133 2421 387 131 2571 458 -2.95 0.004 -0.36 -0.61 -0.12
Blood Pressure (MAP; mmHg) 133 82.83 8.09 130 8834 1087 -517 <0.001 -0.64 -0.89 -0.39
fgg)era' Health Perception (SF-36,0- 13, go56 1400 133 7823 1356 153 0129 019 -005 043
Trauma Exposure (LEC; 0-5) 133 177 148 134 2.06 157 -157 0.118 -0.19 -0.43 0.05
Perceived Stress (PSS; 0-40) 134 13.42 6.11 133 14.75 6.36 -1.96 0.051 -0.24 -0.48 0.00
Psychological Distress (GSI; 0-4) 134 0.34 0.33 133 0.44 041 -295 0.004 -0.36 -0.60 -0.12
Experienced Discrimination (EDSi 1= 134 170 081 133 207 094 -334 0001 -041 065 017
NFR Threshold (mA) 134 16,74 1021 135 19.67 1114 -2.25 0.025 -0.27 -0.51 -0.03
CPM Stim Intensity (mA) 134 2520 1253 135 27.97 12.09 -1.84 0.066 -0.23 -0.46 0.02
TS Stim Intensity (mA) 134 22,05 1079 135 2510 11.05 -2.29 0.023 -0.28 -0.52 -0.04
Categorical Variables N % N % X2  p-value
Female Sex 68 50.7% 77 57.0% 1.07 0.301
Income

<$10K 48  36.4% 33 25.4% 9.37 0.095

$10K-14.9K 17 12.9% 16 12.3%

$15K-24.5K 17 12.9% 16 12.3%

$25K-34.9K 11 8.3% 15 11.5%

$35K-$49.9K 10 7.6% 24 18.5%

2$50K 29 22.0% 26 20.0%
Education

<High School / High School 18 13.5% 23 17.2% 1.49 0.474

Partial College 69 51.9% 60 44.8%

College / Professional School Grad 46  34.6% 51 38.1%

Note: Ns, means, and standard deviations are from untransformed variables, whereas the t-test, p-values, and Cohen’s d results were from

transformed and winsorized variables (as necessary). Cl for ES=confidence interval for Cohen’s d effect size.

J Pain. Author manuscript; available in PMC 2023 June 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Guereca et al.

Table 3.

Predicting static measures of spinal nociception (N = 269)

DV = NFR Threshold

DV = 3-Stimulation NFR Threshold

Boot 95% Cl

Boot 95% ClI

Predictors BootB  Boot SE Lower  Upper BootB  Boot SE Lower  Upper
Sex 0.070 0.694 -1.304 1.423 -0.238 0.468 -1.126 0.668
Age 0.257 0.118 0.027 0.499 0.051 0.100 -0.130 0.261
Blood Pressure -0.084 0.091 -0.257 0.097 -0.071 0.062 -0.197 0.045
BMI 0.352 0.177 -0.004 0.696 0.169 0.112 -0.045 0.390
General Health Perception  -0.011 0.050 -0.109 0.086 0.002 0.034 -0.062 0.067
Education Level -0.001 0.957 -1.875 1.852 0.125 0.749 -1.355 1.554
Income 0.321 0.358 -0.374 1.041 0.220 0.253 -0.281 0.709
Trauma Exposure 0.112 0.444 -0.764 0.957 0.017 0.256 -0.486 0.515
Discrimination 9.001 4.816 -0.749 18.420 6.980 3.311 0.444  13.266
Ethnicity 1.259 1.480 -1.653 4.187 1.164 0.927 -0.665 2.954
Ethnicity x Discrimination ~ -7.715 7.016 -21.197 6.142 -12.043 4655 -21.140 -2.800
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Note: DV=dependent variable; NFR=nociceptive flexion reflex; Boot=bootstrapped; bolded values are associated with significant predictors
according to a bootstrapped 95% confidence interval. Ethnicity was coded 0=non-Hispanic White, 1=Native American. Sex was coded 0=male,

1=female.
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Results of multilevel model predicting pain ratings during conditioned pain modulation

Table 4.

Estimates of Fixed Effects 95% ClI
Parameter Estimate SE t-test p-value  Lower Upper
Intercept 31.303 2.069 15.13 0.000 27.230 35.376
Ethnicity 0.512 1.086 0.471 0.638 -1.627 2.650
CPM Phase -6.735 0.555 -12.143  <0.001 -7.827 -5.642
Discrimination -9.131 7.162 -1.275 0.203 -23.234 4.971
CPM Phase x Ethnicity -0.944 0.551 -1.713 0.088 -2.029 0.142
CPM Phase x Discrimination 1.806  3.087 0.585 0.559  -4.275 7.888
Ethnicity x Discrimination -1.042 5.814 -0.179 0.858 -12.493 10.410
CPM Phase x Ethnicity x Discrimination 1.978  3.087 0.641 0522  -4.103 8.060
Stimulus Intensity 0.195 0.076 2.569 0.011 0.046 0.345
Stimulus Number 0.742 0.155 4771  <0.001 0.435 1.048
Trauma Exposure 0.506  0.670 0.756 0.450  -0.813 1.826
Sex 0.493 0.978 0.504 0.615 -1.434 2.419
Education 3.031 1.442 2.102 0.037 0.191 5.871
Income 0.599 0.513 1.167 0.244 -0.412 1.610
General Health Perception -0.167 0.075 -2.224 0.027 -0.316 -0.019
Age 0.024 0.174 0.138 0.890 -0.319 0.367
BMI 0.134  0.254 0.525 0.600  -0.367 0.634
Stress -0.099 0.236 -0.418 0.676 -0.563 0.366
Psych Distress 31.438 17.837 1.763 0.079 -3.693 66.568
Blood Pressure -0.038 0.125  -0.307 0.759  -0.285 0.208
Estimates of Random Effects 95% ClI
Parameter Estimate SE z-test p-value  Lower Upper
ARL1 diagonal 31.009 2.022 15338  <0.001 27.290 35.236
AR1 rho 0.383 0.039 9.698  <0.001 0.303 0.457
Intercept Variance 248.385 25.618 9.696 <0.001 202.925 304.031
Intercept, StimNum Covariance -8.135 2.832 -2.873 0.004 -13.686 -2.585
StimNum Variance 4.462 0.541 8.241  <0.001 3.518 5.660
Intercept, CPM Phase Covariance -46.265 10.267 -4506 <0.001 -66.388 -26.143
StimNum, CPM Phase Covariance 1.358 1.378 0.985 0.325 -1.344 4.059
CPM Phase Variance 53.884 6.893 7.817  <0.001 41.934 69.238
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Note: CPM=conditioned pain modulation; Phase=codes for modulation during the conditioning stimulus; AR=autoregressive; Bolded values are

associated with significant estimates. Ethnicity was coded 0=non-Hispanic White, 1=Native American. Sex was coded 0=male, 1=female.
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Results of multilevel model predicting nociceptive flexion reflexes during conditioned pain modulation

Table 5.

Estimates of Fixed Effects

95% ClI

Parameter Estimate SE t-test p-value Lower Upper
Intercept 1.249 0.078 15.925 0.000 1.095 1.404
Ethnicity 0.010 0.040  0.255 0.799 -0.069  0.089
CPM Phase -0.028 0.026 -1.047 0.296 —0.080 0.024
Discrimination -0.301 0.262 -1.152 0.250 -0.816 0.214
CPM Phase x Ethnicity 0.015 0.026  0.582 0561 -0.036  0.066
CPM Phase x Discrimination 0.587 0.145 4.038 <0.001 0.301 0.874
Ethnicity x Discrimination 0.062 0.214 0.289 0.773 -0.360 0.484
CPM Phase x Ethnicity x Discrimination 0.113 0.145 0.777 0.438 -0.174 0.399
Stimulus Intensity 0.015 0.003 5470  <0.001 0.010 0.021
Stimulus Number -0.046 0.007 -6.673 <0.001 -0.060 -0.032
Trauma Exposure 0.008 0.024 0.337 0.736  —0.040 0.056
Sex -0.039 0.036 -1.079 0.282 -0.109 0.032
Education -0.026 0.053 -0.493 0.622 -0.130 0.078
Income -0.037 0.019 -1.963 0.051 -0.074  0.000
General Health Perception 0.002 0.003 0.614 0.540 -0.004 0.007
Age 0.004 0.006 0.711 0.478 —0.008 0.017
BMI -0.006 0.009 -0.655 0513 -0.024  0.012
Stress -0.001 0.009 -0.117 0.907 -0.018 0.016
Psych Distress 0.121  0.654 0.185 0.853 -1.167 1.409
Blood Pressure -0.006 0.005 -1.385 0.167 -0.015 0.003
Estimates of Random Effects 95% CI

Parameter Estimate SE Z-test p-value Lower Upper
ARL1 diagonal 0.141 0.005 26.032 <0.001 0.131 0.152
AR1 rho 0.020 0.030 0.669 0.503 -0.039 0.079
Intercept Variance 0.375 0.044 8.502  <0.001 0.298 0.472
Intercept, StimNum Covariance -0.018 0.006 -3.150 0.002 -0.029 -0.007
StimNum Variance 0.004 0.001 3.818 <0.001 0.003 0.007
Intercept, CPM Phase Covariance -0.093 0.020 -4.669 <0.001 -0.132 -0.054
StimNum, CPM Phase Covariance 0.007 0.003 2.556 0.011 0.002 0.013
CPM Phase Variance 0.102 0.015 6.745  <0.001 0.076 0.137
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Note: CPM=conditioned pain modulation; NFR=nociceptive flexion reflex; Boot=bootstrapped; AR=autoregressive; Bolded values are associated

with significant estimates. Ethnicity was coded 0=non-Hispanic White, 1=Native American. Sex was coded 0=male, 1=female.
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Table 6.

Results of multilevel model predicting pain ratings during temporal summation

Estimates of Fixed Effects 95% ClI
Parameter Estimate SE t-test p-value Lower Upper
Intercept 45.414 3.104 14633 <0.001 39.301 51.526
Ethnicity 0.709 1576  0.450 0.653  -2.396 3.814
Stimulus Number (Summation) 3.055 0.240 12,747  <0.001 2.583 3.527
Discrimination 0.849 10.333 0.082 0.935 -19.504 21.202
Summation x Ethnicity 0209 0.240 0.873 0.383  -0.263 0.681
Summation x Discrimination 1.760 1.324 1.329 0.185  -0.849 4.369
Ethnicity x Discrimination 2.568 8.206 0.313 0.755 -13.598 18.734
Summation x Ethnicity x Discrimination 0.719 1.324 0.543 0.588  -1.890 3.328
Train Number 1.651  0.156 10.550  <0.001 1.343 1.958
Stimulus Intensity 0.535 0.134 3.992 <0.001 0.271 0.799
Trauma Exposure 0.736 1.012 0.728 0.467 -1.257 2.729
Sex -0.340 1475 -0.231 0.818 —-3.245 2.564
Education 0.848 2.209 0.384 0.701 -3.504 5.199
Income 0484 0785  0.616 0.538  -1.063 2.030
General Health Perception -0.171 0.114 -1.496 0.136 -0.396 0.054
Age -0.261 0.258 -1.012 0.312 -0.769 0.247
BMI 0.746 0.390 1.915 0.057 -0.021 1.514
Stress -0.639 0.347 -1.845 0.066 -1.322 0.043
Psych Distress 36.897 26.272 1.404 0.161 -14.855 88.649
Blood Pressure -0.220  0.193 -1.138 0.256  -0.601 0.161
Estimates of Random Effects 95% CI
Parameter Estimate SE z-test p-value  Lower Upper
ARL1 diagonal 83.465 3.131 26.661  <0.001 77.549 89.832
AR1 rho 0.272 0.030 9.057  <0.001 0.212 0.330
Intercept Variance 474538 44.641 10.630 <0.001 394.635 570.618
Intercept, Summation Covariance 16.361 5.504 2.972 0.003 5.573 27.148
Summation Variance 12.092 1.217 9.933  <0.001 9.927 14.730
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Note: Stimulus Number/Summation=codes for temporal summation; AR=autoregressive; Bolded values are associated with significant estimates.

Ethnicity was coded 0=non-Hispanic White, 1=Native American. Sex was coded 0=male, 1=female.
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Results of multilevel model predicting nociceptive flexion reflexes during temporal summation

Table 7.

Estimates of Fixed Effects

95% ClI

Parameter Estimate SE t-test p-value Lower Upper
Intercept 1.013 0.053 19.038  <0.001 0.908 1.117
Ethnicity -0.033 0.028 -1.163 0.246 -0.088  0.023
Stimulus Number (Summation) 0.270 0.017 16.323 <0.001 0.237 0.302
Discrimination -0.080 0.179 -0.449 0.654 -0.432 0.271
Summation x Ethnicity 0.015 0.017 0.933 0.352 -0.017 0.048
Summation x Discrimination 0.186 0.091 2.034 0.043 0.006 0.366
Ethnicity x Discrimination -0.096 0.147 -0.654 0.514 -0.386 0.194
Summation x Ethnicity x Discrimination -0.020 0.091 -0.221 0.825 -0.200 0.160
Train Number -0.020 0.004 -1.420 <0.001 -0.028 -0.011
Stimulus Intensity 0.002 0.002 0.663 0.508 -0.003 0.006
Trauma Exposure 0.012 0.017 0.695 0.488 -0.022 0.046
Sex -0.022 0.025 -0.863 0.389 -0.071 0.028
Education -0.079 0.037 -2.116 0.035 -0.152 -0.005
Income 0.020 0.013  1.482 0.140 -0.006  0.046
General Health Perception -0.002 0.002 -0.795 0.427 -0.005 0.002
Age 0.006 0.004 1.306 0.193 -0.003 0.014
BMI -0.002 0.007 -0.321 0.749 -0.015 0.011
Stress 0.005 0.006 0.819 0.413 -0.007 0.017
Psych Distress -0.140 0.447 -0.314 0.754 -1.021 0.740
Blood Pressure -0.001 0.003 -0.279 0.781 -0.007  0.006
Estimates of Random Effects 95% ClI

Parameter Estimate SE z-test p-value Lower Upper
ARL1 diagonal 0.128 0.003 39.247  <0.001 0.122 0.134
AR1 rho 0.089 0.019 4,634  <0.001 0.051 0.126
Intercept Variance 0.145 0.015 9.615  <0.001 0.118 0.178
Intercept, Summation Covariance -0.028 0.007 -3.719 <0.001 -0.042 -0.013
Summation Variance 0.055 0.006 9.097 <0.001 0.044 0.068
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Note: Stimulus Number/Summation=codes for temporal summation; AR=autoregressive; Bolded values are associated with significant estimates.
Ethnicity was coded 0=non-Hispanic White, 1=Native American. Sex was coded 0O=male, 1=female.
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Results of bootstrapped indirect effects tests predicting nociceptive outcomes

Table 8.

Boot 95% ClI

Dependent Variable Indirect Effect BootSE  Lower Upper R?
NFR Threshold 0.282 0.259 -0.172 0.869 0.088
3-Stimulation NFR Threshold 0.010 0.172 -0.372 0.341 0.027
CPM-Pain 0.203 0.181 -0.102 0.633 0.097
CPM-NFR 0.033 0.017 0.006 0.073 0.126
TS-Pain 0.548 0371 -0.014 1.406 0.079
TS-NFR 0.019 0.014 -0.003 0.052 0.152

Note: All models included the following covariates: sex, age, MAP, BMI, general health perception, education, income, and trauma
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exposure. CPM/TS models controlled for the stimulation intensity of the electric stimulations delivered. CPM=conditioned pain modulation.
NFR=nociceptive flexion reflex. TS=temporal summation. R-squared values represent the proportion of variance explained in the nociceptive

outcome by the model.
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