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Abstract

Background Native Americans (NAs) are more likely to experience chronic pain than non-Hispanic Whites (NHWSs); however, the proximate
causes predisposing NAs to chronic pain remain elusive. Likely due to centuries of adversity, discrimination, and marginalization, NAs report
greater psychological stress than NHWs, which may place them at risk for sleep problems, a well-established risk factor for chronic pain
onset.

Purpose This study examined the effects of psychological stress and sleep problems on subjective and physiological measures of pain process-
ing in NAs and NHWs.

Methods Structural equation modeling was used to determine whether ethnicity (NA or NHW) was associated with psychological stress or
sleep problems and whether these variables were related to conditioned pain modulation of pain perception (CPM-pain) and the nociceptive
flexion reflex (CPM-NFR), temporal summation of pain (TS-pain) and NFR (TS-NFR), and pain tolerance in a sample of 302 (153 NAs) pain-free
participants.

Results NAs experienced more psychological stress (Estimate = 0.027, p = .009) and sleep problems (Estimate = 1.375, p = .015) than NHWs.
When controlling for age, sex, physical activity, BMI, and general health, NA ethnicity was no longer related to greater sleep problems.
Psychological stress was also related to sleep problems (Estimate = 30.173, p = <.001) and psychological stress promoted sleep problems in
NAs (indirect effect = 0.802, p = .014). In turn, sleep problems were associated with greater TS-pain (Estimate = 0.714, p = .004), but not other
pain measures.

Conclusions Sleep problems may contribute to chronic pain risk by facilitating pain perception without affecting facilitation of spinal neurons or
endogenous inhibition of nociceptive processes. Since psychological stress promoted pain facilitation via enhanced sleep problems, efforts to
reduce psychological stress and sleep problems among NAs may improve health outcomes.
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Introduction [13]. Together, these stressors faced by NAs may contribute
to enhanced psychological stress, a state characterized as feel-
ing that one’s ability to cope is outweighed by environmen-
tal demands [14]. Psychological stress has been hypothesized
to predict chronic pain onset [15], and it is a risk factor for
myriad adverse health outcomes (e.g., stroke, cancer, cardio-
vascular disease, and diabetes) [16—19]. Results from studies
attempting to link psychological stress with specific prono-
ciceptive (i.e., pain-promoting) mechanisms, however, have
been mixed [20, 21], suggesting that this relationship may be
influenced by other pain-promoting factors [22].

One such factor linking psychological stress and chronic
pain is impaired sleep. Higher psychological stress predicts
poorer outcomes on multiple sleep parameters, including
lower sleep duration [23], increased physiological arousal
during nonrapid eye movement sleep [24], and diminished

Population studies suggest that chronic pain affects 11%-—
40% of Americans [1]. Beyond the physical and emotional
toll, the estimated annual national costs associated with
chronic pain (e.g., treatment, disability services, lost produc-
tivity) range from $560 to $635 billion [2]. Relative to the
general US population, Native Americans (NAs) are more
likely to develop chronic pain [3-8]. Despite this, there is a
dearth of research seeking to identify the proximate and ulti-
mate mechanisms predisposing NAs to chronic pain.

In the wake of centuries of adversity (e.g., genocide, colo-
nization, forced relocation), NAs disproportionately face sev-
eral psychosocial stressors relative to non-Hispanic Whites
(NHWs). For example, NAs are more likely to experience
childhood and adult trauma [3, 9], food insecurity [10], pov-
erty [11, 12], and report greater experiences of discrimination
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sleep quality [25, 26]. Moreover, there is evidence suggesting
that NAs may experience more sleep problems than NHWs,
perhaps as a function of increased psychological stress [27].
In one study [27], NAs reported insufficient sleep more fre-
quently than NHWs, and this relationship remained statisti-
cally significant when controlling for potentially confounding
variables, including education, sex, obesity, and lifestyle fac-
tors. After controlling for frequent mental distress (i.e., sub-
jective reports of stress, depression, and emotional difficulties
on 14 or more of the past 30 days), however, the difference
between NHWs and NAs on insufficient sleep was no longer
statistically significant. In contrast, somewhat contradictory
findings were reported by another study [28]. They found life-
time discrimination was associated with poorer self-reported
sleep in NAs even when controlling for variables similar to
psychological stress, including perceived stress and depressive
symptoms [28]. Together, this literature suggests that NAs
may experience worse sleep than NHWs, although the extent
to which psychological stress may promote sleep impairment
remains unclear.

Over time, people who experience impaired sleep are more
likely to develop chronic pain [29]. The comorbidity between
sleep problems and chronic pain is also well established, with
studies finding that between 45% and 88% of chronic pain
patients also report significant sleep complaints [30-33].
Early research linking impaired sleep to chronic pain hypoth-
esized a reciprocal relationship [32], with recent studies find-
ing that sleep impairment predicts chronic pain onset above
and beyond chronic pain predicting sleep impairment [30,
34-36], implicating insufficient sleep as a salient pain-pro-
moting factor.

Indeed, people with impaired sleep demonstrate similar
patterns of psychophysiological functioning as people with
chronic pain. For instance, a study of healthy, pain-free par-
ticipants found that sleep restriction was associated with
impaired pain inhibition during a quantitative sensory testing
task called conditioned pain modulation (CPM), suggesting
that sleep restriction disrupts the body’s descending inhibi-
tory pain circuits [37], perhaps via reduced endogenous opi-
oid responsivity [38]. CPM measures the degree to which a
response to a noxious test stimulus (e.g., a painful electric
stimulation delivered over the sural nerve) is inhibited by the
concomitant administration of another noxious stimulus,
called the conditioning stimulus (e.g., placing one’s hand in
painfully cold water) [39]. Pain inhibition during CPM can
be measured using pain ratings (CPM-pain) in response to the
test stimulus or by physiological correlates of pain-processing
signals in the spinal cord (i.e., spinal nociception) in response
to the test stimulus, including the nociceptive flexion reflex
(NFR; CPM-NFR), a spinally-mediated withdrawal reflex.
Although correlated, CPM-pain and CPM-NFR may diverge
due in part to multiple modulatory networks that can be
engaged by the CPM task [40]. Relative to individuals with-
out chronic pain, impaired CPM-pain inhibition has been
observed across individuals with various chronic pain condi-
tions [39, 41]. Moreover, less CPM-pain inhibition has been
found to predict greater postoperative pain [42, 43], implicat-
ing impaired CPM as a promising predictor of chronic pain
risk [44].

In addition to impairing pain inhibition, sleep problems
may confer chronic pain risk via facilitation of pain ampli-
fication at the spinal level (i.e., wind-up), which is believed
to assess processes that contribute to central sensitization

17

[45]. Central sensitization is a prolonged state of neuronal
hyperexcitability and synaptic efficiency that can lead to
enhanced pain sensitivity (i.e., hyperalgesia), and it is believed
to underlie many chronic pain conditions [46]. It has been
hypothesized that sleep problems may promote central sensi-
tization via prolonged low-grade inflammation that increases
spinal neuronal excitability [47]. Although unstudied in NAs,
a previous study of African Americans and NHWs found
that reduced sleep efficiency (related to increased depressive
symptoms) mediated ethnic differences on a temporal sum-
mation (TS) task [48], which is the psychophysical correlate
of wind-up. During TS, a series of identical, painful noxious
stimuli are presented in quick succession. Because the series of
stimuli evoke hyperexcitability of spinal neurons, later stim-
uli in the series produce greater pain compared to the first
stimulus [49]. Although most healthy individuals show sum-
mation during TS [50], greater summation has been observed
in chronic pain populations when compared to pain-free pop-
ulations [51]. Additionally, greater preoperative TS predicts
postoperative pain [52, 53]; together, these findings suggest
that heightened TS may be associated with chronic pain risk.
Like CPM, TS can be measured using self-report pain ratings
(TS-pain) or by measurement of NFR magnitude (TS-NFR);
the two measures can diverge because TS-pain can be affected
by supraspinal processes (e.g., pain catastrophizing) that do
not affect TS-NFR [54, 55].

Together, there is ample evidence linking sleep problems to
physiological mechanisms related to chronic pain risk. Thus,
identification of psychosocial variables that contribute to the
onset and maintenance of sleep problems may yield a more
comprehensive understanding of the mechanisms by which
chronic pain disparities across racial and ethnic groups exist.
As such, structural equation modeling (SEM) will be used to
analyze the relationships between ethnicity (NA or NHW),
psychological stress, sleep problems, and performance on
experimental pain tasks. Figure 1 depicts the hypothesized
model that will be tested in the current study. We predict that
NAs will experience greater psychological stress and sleep
problems that will in turn increase pain and spinal facilitation
(enhanced TS-pain and TS-NFR, respectively), impair inhibi-
tion of pain and spinal nociception (reduced CPM-pain and
CPM-NFR, respectively), and promote hyperalgesia (reduced
pain tolerance).

Methods

Participants
The study’s sample consisted of 302 healthy, chronic pain-free
participants from the Oklahoma Study of Native American
Pain Risk (OK-SNAP). Till date, OK-SNAP remains the larg-
est and most comprehensive assessment of pain processing
in NAs, and data were collected between March 2014 and
October 2018. Participants were recruited from tribal and
nontribal newspapers ads, fliers, personal communications
with NA groups, email announcements, online platforms,
and word of mouth. Interested participants then completed
a phone screen with study researchers to preliminarily deter-
mine eligibility. Participants deemed eligible following the
phone screen were scheduled for the first of two laboratory
testing days, which began with an additional screening for
eligibility criteria.

Exclusion criteria for OK-SNAP were: (1) individuals
<18 years of age, (2) self-reported history of cardiovascular,
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Fig. 1. Proposed measurement and structural model for the current study.

neuroendocrine, musculoskeletal, or neurological disor-
ders, (3) self-reported chronic pain conditions or current
acute pain, (4) BMI > 35 (due to difficulty in obtaining elec-
tromyogram signals for NFR), (5) current psychotic symp-
toms (assessed by self-report and by the Psychosis Screening
Questionnaire), (6) current/recent use of anti-depressants,
anxiolytic, analgesic, stimulant, or anti-hypertensive medica-
tion, (7) substance use problems, and/or (8) an inability to
read and speak English. NA ethnicity was verified for all NA
participants by Certificate Degree of Indian Blood or tribal
membership cards. NA participants were predominately from
southern plains and eastern Oklahoma tribes. All participants
provided verbal and written informed consent, including an
overview of study procedures and the reminder that they
could withdraw at any time. Participants were compensated
with $100 for the completion of each testing day for their
time and effort. OK-SNAP was approved by IRBs of The
University of Tulsa, Cherokee Nation, and the Indian Health
Service Oklahoma City Area Office.

Of the 329 participants initially eligible for OK-SNAP, 247
completed both testing days, 41 completed one testing day,
and 39 completed partial tasks during one testing day. A com-
puter malfunction resulted in the loss of two participants’ data.
Additionally, 22 participants were neither NA nor NHW,, and
were subsequently excluded from the current analyses. Three
additional participants were excluded due to a diagnosis of Type
1 or Type 2 diabetes. Because the analyses did not use listwise
deletion, data from 302 participants (153 NA and 149 NHW)
were available for use in the current study (Table 1). Rhudy et
al. [56] provide a full description of participants in this sample.

The sample size estimates needed for structural equation
modeling are typically based on participant-to-parameter
ratios. Acceptable ratios have been suggested to vary between
5:1 [57] and 20:1 [58]. In the present study (N = 302), the
model predicting pain outcomes without control variables
had a ratio of 8.4:1. The addition of control variables, how-
ever, reduced the ratio to 3.3:1 (a samples size of 455-1,820
would be needed to achieve a ratio of 5:1 up to 20:1). Thus,
interpretation of the model with controls should be made
with caution and will be used primarily to examine whether
results were similar with statistical controls in place.

Brief Overview of Procedures

OK-SNAP was conducted over two testing sessions, with
each session lasting approximately 4—6 h. As mentioned ear-
lier, informed consent and screening of eligibility criteria were
conducted prior to the performance of study procedures. The
order of the testing days for each participant was random-
ized (blocking for sex and ethnicity) to reduce the potential
of order effects. One testing day included assessing pain
tolerance, including electric pain tolerance, heat tolerance,
cold tolerance, and ischemic tolerance. On the other testing
day, measures of pain modulation (CPM-pain/CPM-NFR,
TS-pain/TS-NFR) were assessed. Between tasks, participants
had breaks to minimize the potential for carryover effects. For
a full description, see [56].

Testing Environment and Apparatus

Participants were seated in a comfortable reclining chair
(Perfect Chair Zero Gravity Recliner, Human Touch, Long
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Beach, CA) in a sound-attenuated and electrically shielded
room during testing. Participants were monitored by an exper-
imenter in a nearby room via audio and video equipment.
Questionnaires were completed on a computer. Experimental
procedures were controlled using custom-built software
(LabVIEW, National Instruments, Austin, TX).

To deliver electric pain stimuli, a constant current stimula-
tor (Digitimer DS7A; Hertfordshire, England) and a bipolar
electrode (Nicolet; 30 mm inter-electrode distance) filled with
a conductive gel (EC60, Grass Technologies) were attached
to the participant’s left ankle. Electric stimulations were
only delivered to participants’ ankles throughout the study.
A Contact Heat Evoked Potential Stimulator (CHEPS) ther-
mode from a Medoc (Haifa, Israel) Pathway device was used
to deliver heat stimuli. For measuring cold pain tolerance and
the conditioning stimulus for CPM tasks, a circulating water
bath (Thermo Fisher Scientific, Pittsburgh, PA) was used. The
water level within the cold-water bath was kept constant (6
in. deep) for all participants to maximize the standardization
of procedures and to ensure that participants received similar
cold exposure to their hands/forearms.

To prepare the electromyogram (EMG) for NFR recording,
the skin was first cleaned with alcohol and exfoliated using
Nuprep gel (Weaver and Company, Aurora, CO) to achieve
impedances <5 kQ. Prior to electrode application, electrodes
were filled with a conductive gel (EC60; Grass Technologies,
West Warwick, RI). The electrodes were then placed over
the left biceps femoris muscle to assess the magnitude of the
nociceptive flexion reflex (NFR) via EMG recording. A Grass
Technologies Model 15LT amplifier with AC module 15A54
was used to filter (10-300 Hz) and amplify (x10,000) the sig-
nal. The signal was then sampled and digitized (1,000 Hz)
using a National Instruments (Austin, TX) analog-to-digital
converter. Recordings were then stored on a computer hard
drive.

Pain Modulation: TS and CPM

Determination of Electric Stimulus Intensity for TS and
CPM

The intensity of electric stimulations (in mA) required to reli-
ably elicit an NFR and moderate pain for each participant
was determined using three tasks: NFR threshold, Pain30,
and 3-stimulation threshold. NFR threshold testing con-
sisted of three ascending and descending staircases of electric
stimulations to the participants’ sural nerve to determine the
minimum stimulation intensity required to reliably elicit NFR
(assessed by biceps femoris EMG). During NFR threshold
testing, participants also rated their pain due to the stimu-
lations on a 0-100 visual analog scale (VAS), which ranged
from “no pain sensation” to “the most intense pain sensation
imaginable.” If the stimulations during NFR threshold did not
yield a pain rating of >30 on the VAS, an ascending series of
stimulations was given until the rating was >30. The stimulus
intensity necessary for a VAS rating >30 (i.e., Pain30) was
recorded. Finally, an ascending staircase consisting of trains
of three stimuli, given at a frequency of 2 Hz, were given to
determine the intensity required to elicit NFR on the third
stimulus in the train (3-stimulation threshold).

Once NFR threshold, Pain30, and 3-stimulation threshold
were determined, stimulus intensity was set for the TS-NFR
and CPM tasks. For TS, stimulus intensity was set at the higher
value (in mA) of 1.2x NFR threshold or 1.2 x 3-stimulation
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threshold. CPM test stimulus intensity was set at the high-
est value (in mA) of 1.2x NFR threshold, 1x Pain30, or
1.2 x 3-stimulation threshold.

TS-NFR

The TS-NFR paradigm used in OK-SNAP assessed the amount
of NFR summation (the increase in NFR magnitude) follow-
ing a series of three suprathreshold electric stimuli. To assess
this, five series of three suprathreshold electric stimuli (0.5 s
inter-stimulation intervals) were delivered. Once each series
was finished, participants were prompted by a computer-pre-
sented VAS to indicate the pain intensity for each of the three
stimulations. After the participant completed the ratings,
there was an inter-series interval of 8-12 s before the next
series of stimulations began. Given the potential for signal
contamination caused by tensing in the biceps femoris during
this task, baseline EMG in the 60 ms prior to the third stimu-
lus for each series was visually inspected by the experimenter
for excessive muscle tension or voluntary movement. If there
was excessive noise in the mean rectified EMG (>5 pV), the
series was repeated. NFR magnitude was then calculated in
d-units. To do this, the average biceps femoris EMG activity
in the 60 ms prior to the first stimulation in each series was
subtracted from the average biceps femoris EMG activity in
the 70-150 ms after each stimulus in the series. This difference
was then divided by the average of the standard deviations
of the rectified EMG during the two intervals. Given that TS
tasks measure the change in pain perception/nociception over
a period of successive stimuli at the same intensity, TS-NFR
was defined as the difference in the NFR magnitude between
the first stimulus in a series subtracted from the third stimulus
in the same series. This TS-NFR change score was then aver-
aged across the five series to produce the final TS-NFR score.

TS-Pain

Assessing TS-pain from the 3-stimulus series noted above is
not ideal, because the 2 Hz series is too fast for participants
to make pain ratings immediately following each stimulus.
Thus, all three ratings must be made after the last stimu-
lus, which can be affected by recall bias, especially for the
first two stimuli in the series. Therefore, we took a different
approach similar to other studies of electric and mechanical
TS-pain [59, 60]. Five single electric stimuli were delivered at
the same intensity as TS-NFR (8-12 s interstimulus interval).
Participants were prompted to make pain ratings using the
same VAS immediately after each stimulation in the series.
The TS-pain variable was created by taking the average pain
rating from the five single stimuli and subtracting that value
from the average pain rating of the third stimulus in each
series in TS-NFR.

CPM

The CPM paradigm in OK-SNAP included measures of pain
and NFR in response to electric test stimuli (delivered to the
ankle) before and during the presentation of a tonic condi-
tioning stimulus. The conditioning stimulus was a circulat-
ing, 10 = 0.1°C water bath. Each CPM phase lasted 2 min
total, beginning with a 20 s wait period (to allow engagement
of descending modulatory circuits), followed by five electric
test stimuli delivered at random over an 8-12 s interstimulus
interval. There was a 2-min break between the baseline and
conditioning phase of CPM. Using a numerical rating scale
presented on the computer screen (0 “no pain”, 20 “mild
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pain”, 40 “moderate pain”, 60 “severe pain”, 80 “very severe
pain”, and 100 “worst possible pain”), participants verbally
stated their pain ratings in response to the electrical test stim-
ulations. The experimenter, who could hear the verbal pain
ratings, recorded the ratings from the study control room. For
CPM-NEFR, NFR magnitude was calculated as a d-score. To
calculate this, the mean rectified biceps femoris EMG activ-
ity in the 90-150 ms following the electric stimulation was
subtracted by the mean rectified biceps femoris EMG activ-
ity in the 60 ms preceding the stimulation. This value was
then divided by the average standard deviation of the rectified
EMG activity in these two intervals. Approximately 3% of
CPM-NER trials had average EMG baselines >3.0 pV and
were thus excluded from analyses. Both CPM-pain and CPM-
NFR variables were calculated by subtracting the average
pain ratings/NFR magnitude during the conditioning phase
by the average pain rating/NFR magnitude during the base-
line phase.

PainTolerance

Different stimulus modalities are known to impact different
nociceptive processes [61]. Nonetheless, different pain toler-
ance measures should assess a common latent construct asso-
ciated with the capacity to tolerate noxious stimuli. Indeed,
pain tolerance measures were all correlated about r = .40 (see
Table 1). During these tasks, participants made ratings on a
VAS with the anchors 0 (“no pain”) and 100 (“maximum
tolerable pain”).

Cold Tolerance

Cold tolerance was assessed using a cold pressor. Participants
were asked to submerge their hand and forearm with fingers
spread apart into a 6 = 0.1°C circulating water bath. During
submersion, participants were asked to continually provide
pain ratings on the computer using the VAS described earlier.
Participants were instructed to remove their hand from the
water once they reached the maximum VAS rating. The time
in seconds that they kept their hand in the cold-water bath
was used to calculate pain tolerance. If participants had not
removed their hand by 300 s (5 min), they were prompted via
computer instruction to remove their hand from the water

bath.

Ischemia Tolerance

Ischemic pain tolerance was assessed using a forearm tour-
niquet test. Using a dynamometer (Lafayette Instrument
Company, IN), participants performed hand exercises at 50%
grip strength at one second intervals for 2 min before raising
their arm for 15 s to allow for desanguination. A blood pres-
sure cuff was then placed over the biceps on that arm and
inflated to a pressure of 220 mmHg to reduce blood flow.
During occlusion, participants continuously rated their pain
on the computer-presented VAS. The time (in seconds) to
achieve a maximum tolerance rating on the VAS was defined
as ischemic pain tolerance. Alternatively, the participant was
prompted by computer instruction to end the task if the max-
imum duration (25 min) was reached.

Electric Tolerance

To calculate electric pain tolerance, a single ascending stair-
case of stimulations starting at 0 mA (and increasing by
intervals of 2 mA) was given. Following each stimulus, partic-
ipants were instructed to rate the pain they experienced using
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the computer-presented VAS. The stimulations increased until
the participant rated the stimulus as the maximum tolerable
pain (or they reached the maximum intensity of 50 mA), at
which point the stimulus intensity that evoked that rating was
recorded.

Heat Tolerance

Heat pain tolerance was assessed five times (one practice trial,
four averaged trials). To measure heat tolerance, the CHEPS
thermode was attached to the participants’ left volar forearm
[62]. Each trial began at 32°C and heated up at a rate of
0.5°C/s until the participant pressed a button to end the trial
once the pain became intolerable. The maximum intensity
was set to 51°C to ensure participant safety.

Sleep Problems

A latent variable of sleep problems, reflecting dysfunction
associated with a lack of sleep, was created using the sleep
quality item of the Pittsburgh Sleep Quality Index (PSQI), the
total score of the Insomnia Severity Index (ISI), and the total
score from the Fatigue Severity Scale (FSS).

Pittsburgh Sleep Quality Index (PSQI) Sleep Quality Item

Although the PSQI is considered a reliable and valid mea-
sure of insomnia [63], participants did not reliably report
AM versus PM on their bedtime and wake up time, thus the
overall PSQI score could not be calculated. So, the perceived
sleep quality item from the PSQI was used instead. This item
asks participants to rate their overall sleep quality in the past
month on a four-point scale ranging from “very good” to
“very bad” [64].

Insomnia Severity Index (ISI)

Like the PSQI, the ISI is widely utilized as a screener for
insomnia and other sleep disorders associated with a lack of
sleep. The ISI is a 7-item, self-report questionnaire assessing
difficulty in falling asleep, staying asleep, or waking up too
early [65]. In addition, the ISI measures one’s satisfaction,
concern, and perceived interference in daily activities due to
sleep pattern [65]. Like the PSQI, the ISI has demonstrated
good reliability and validity, and it is one of the most widely
used measures of sleep impairment [63]. The ISI displayed
good internal consistency in this sample for NA participants
(o0 = 0.872), NHW participants (o = 0.859), and the overall
sample (o = 0.872).

Fatigue Severity Scale (FSS)

Finally, the current study used the total score from the FSS,
a 9-item self-report measure of fatigue, a symptom of myriad
medical and psychological disorders associated with signifi-
cant functional impairment [66]. Although this scale does not
directly assess fatigue associated with sleep problems, people
with sleep problems score significantly higher on the FSS than
people without sleep problems [67], suggesting that it may
be used as a measure of sleep impairment. Moreover, because
OK-SNAP included only healthy, pain-free participants, dif-
ferences in fatigue in this sample were conceptualized as
related to sleep problems. Additionally, the formation of a
latent variable from the three measures should only extract
variance from the FSS related to sleep problems. In this sam-
ple, the FSS had good internal consistency for NA partici-
pants (o = 0.878), NHW participants (o = 0.879), and the
overall sample (o = 0.882).
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Psychological Stress

The present study used a latent psychological stress vari-
able built from the total score of the Perceived Stress Scale
(PSS) and the Global Severity Index (GSI) of the Symptom
Checklist-90-Revised (SCL-90-R).

Perceived Stress Scale

The PSS is a 10-item self-report questionnaire assessing an
individual’s stress in the past month, with greater scores indi-
cating higher perceived stress [68]. Items are measured on
a 5-point ordinal scale; example items include: In the last
month, how often have you been upset because of something
that happened unexpectedly? In the last month, how often
have you felt nervous and “stressed”? The PSS demonstrated
good internal consistency for NA participants (o = 0.869),
NHW participants (0. = 0.866), and the overall sample (o =
0.868).

Global Severity Index of the Symptom Checklist-90-Revised

Like the PSS, the GSI of the SCL-90-R is well-validated and
widely used as a comprehensive measure of psychological dis-
tress [69, 70]. The SCL-90-R is a 90-item self-report question-
naire, with the GSI reflecting the average score on all items
answered by a participant [71]. Previous research has found
that psychiatric inpatients score higher on the GSI at admis-
sion than at discharge, and score higher on the GSI than con-
trols, supporting its use as a measure of psychological stress
[71]. The GSI demonstrated good internal consistency in our
sample for NA participants (o = 0.974), NHW participants (o
= 0.969), and the overall sample (o = 0.972).

Control Variables

Control variables in the current study were: age, which is
associated with impaired CPM and heightened TS [72], bio-
logical sex, with males demonstrating more CPM inhibition
than females [73], body mass index (BMI), which is associ-
ated with greater self-reported sleep problems [74], physi-
cal activity level (as measured by the International Physical
Activity Questionnaire [IPAQ]) [75], with greater physical
activity being associated with less hyperalgesia and more effi-
cient CPM [76, 77], and general health perception (subscale
of the Medical Outcomes Study 36-item Short Form Health
Survey [SF-36] [78]), which may contribute to psychological
stress [79]. Models were run with and without control vari-
ables that might confound results due to known effects on
variables in the model.

Data Analysis

Structural equation models were conducted with LISREL 8.8
[80]. Ethnicity was dummy coded (NHW = 0, NA = 1) in the
models. A few observations were removed prior to analysis
due to participants failing to follow instructions (e.g., poor
effort, pain tolerance lower than pain threshold) [for a full
description, see 48]. Moreover, there was 15.23% of obser-
vations missing (11.48% in model with controls), mostly
due to participants not all showing up for and completing
day 2 of testing. We have reported elsewhere that differences
between completers and non-completers of the study is min-
imal (e.g., completers were slightly older, reported fewer psy-
chological problems, and reported slightly more body pain
[81]); moreover, results were nearly identical if these people
were removed from the analysis rather than being imputed.
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However, LISREL uses full information maximum likelihood
(FIML), which means the models are run with all available
data, even if there are missing values (the current state-of-the-
art method for handling missingness) [82].

Cold tolerance, ischemia tolerance, age, physical activity
scores (IPAQ), and psychological distress (GSI) were log10
transformed to reduce positive skew. Outliers were identi-
fied using Wilcox’s MAD-median procedure and then win-
sorized to the next nearest non-outlier value [83]. All pain
outcome variables, except electric tolerance, were winsorized,
as were insomnia severity, perceived stress (PSS), psychologi-
cal distress (GSI), general health (SF-36), and physical activity
(IPAQ).

Indicators for each latent variable were chosen based on
theory (e.g., sleep-related variables were used to assess sleep
problems). Measurement models for the latent variables were
tested simultaneous with the structural model. Thus, a good
fitting overall model reflects adequate measurement and
structural models.

Model fit was assessed from the root mean square error
of approximation (RMSEA). As noted by Kline [18], values
<0.05 are considered “close-fit”, values between 0.05 and
0.08 are considered a “reasonable approximate fit,” and val-
ues 20.10 are considered “poor fit.” Moreover, the “Test of
Close Fit” provided by LISREL was also reported. The Test
of Close Fit assesses the null hypothesis (H) that RMSEA
< 0.05. Thus, if H is rejected, the model is not close fitting.
The chi-square goodness of fit is also reported; however, this
metric is highly sensitive to sample size and thus is significant
in most large samples. These are the only measures of model
fit provided by LISREL 8.80.

We have shown elsewhere that ethnic group differences in
pain outcomes are not present in this study [56], so the direct
pathways between NA ethnicity and pain outcomes were
not included in the structural model. Indirect tests of medi-
ation were tested using the Sobel test within LISREL 8.80.
Significance was set at p < .05 (two-tailed) for all analyses.

Results

Background Characteristics

In the full sample of 302 participants, 153 were NA (58%
female) and 149 were NHW (50% female). There were no
group differences on biological sex, y? = 2.20, p = .138. Table
1 presents means, standard deviations (SD), and intercorrela-
tions for all study variables. Means and standard deviations
for variables that were log10 transformed are presented here:
The average participant age was 29.596 years (SD = 13.116),
the average psychological distress (GSI) was.373 (SD = 0.366),
the average ischemic tolerance was 257.26 s (SD = 327.080), the
average cold tolerance was 86.48 s (SD = 97.184), and the aver-
age level of physical activity was 8888.6890 metabolic equiva-
lent (MET) minutes per week (SD = 7908.696).

Sleep and Pain

Figure 2 depicts the final model with standardized loadings
and coefficients. Table 2 presents the results of the analy-
ses with and without control variables. The model without
control variables demonstrated a reasonable fit accord-
ing to the raw value of the RMSEA = 0.0507 (90% CI:
0.0357,0.0651), but the test of close fit (p =0.45) indicated
a close fit. There was a significant chi-square (3> = 122.57,
df = 69 p < .001). As shown in Fig. 2, NAs experienced
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Fig. 2. Structural equation model linking Native American ethnicity (coded 0 = non-Hispanic White [NHW], 1 = Native American [NA]) to psychological
stress, sleep problems, and pain outcomes (pain tolerance, temporal summation of pain [TS-pain], temporal summation of the nociceptive flexion
reflex [TS-NFR], conditioned pain modulation of pain [CPM-pain], conditioned pain modulation of NFR [CPM-NFR]. Standardized coefficients,
standardized loadings, and R-squared values depicted without parentheses are from the model that did not include control variables. Standardized
coefficients, standardized loadings, and R-squared values in parentheses are results from the model that included age, biological sex, physical activity,
body mass index (BMI), and general health perceptions as control variables. The latent variable for psychological stress was estimated from the

total score of the Perceived Stress Scale and the Global Severity Index of the SCL-90. The latent variable for sleep problems was estimated from the
total score of the Insomnia Severity Index, the Fatigue Severity Scale, and the Sleep Quality subscale from the PSQI. Heat tolerance (Heat Tol), cold
pressor tolerance (Cold Tol), ischemic tourniquet test tolerance (Isch Tol), and electric tolerance (Elect Tol) were used to estimate the pain tolerance

latent variable. *p < .05.

more psychological stress and sleep problems. In turn,
sleep problems were associated with greater pain facilita-
tion (enhanced TS-Pain). No other structural path to pain
outcomes was significant. Moreover, there were significant
indirect pathways indicating that NAs experience more
sleep problems as a result of experiencing greater psycho-
logical stress (unstandardized indirect effect = 0.802, SE =
0.327, p = .014), and NAs have increased pain facilitation
as a result of increased psychological stress and sleep prob-
lems (unstandardized indirect effect = 1.579, SE = 0.620, p
=.011). Moreover, there was a significant indirect pathway
linking greater psychological stress to greater pain facilita-
tion (unstandardized indirect effect = 21.548, SE = 8.117, p
=.008). No other indirect effect was significant.

The model with control variables (Table 2, results in paren-
theses of Fig. 2) had a slightly worse fit than the model with-
out the controls, but the RMSEA = 0.0536 (90% CI: 0.042,
0.066) and test of close fit (p = 0.29) still suggested a close
fit to these data. There was a significant chi-square (}* =
184.837, df = 99, p < .001). Even after controlling for age,
sex, physical activity, BMI, and general health, NAs still expe-
rienced greater psychological stress, but the direct path from
NA ethnicity to sleep problems was no longer significant.
Results of all other pathways were identical to the model
without controls.

Discussion

Seeking to elucidate mechanisms that might place NAs at
higher risk for chronic pain than NHWs, this study found that
NAs experienced more psychological stress and more sleep
problems than NHWs, which in turn promoted enhanced
pain facilitation (TS-pain). When including control variables
(i.e., age, sex, physical activity, BMI, and general health);
however, NAs no longer experienced more sleep problems
than NHWs. In models with and without control variables
added, sleep problems were associated with pain facilitation
(TS-pain) but not facilitation of spinal neurons (TS-NFR),
impaired endogenous inhibition of pain (CPM-pain) or spi-
nal nociception (CPM-NFR), or hyperalgesia. Indirect paths
in the models found that NAs experienced more sleep prob-
lems due to higher psychological stress. Similarly, enhanced
pain facilitation (TS-pain) in NAs was due to greater psy-
chological stress and more sleep problems. The implications
of these findings are twofold: first, by linking psychological
stress and sleep problems under normal conditions to a spe-
cific pain-promoting mechanism, these findings broaden our
understanding of pathways that could promote pain in NAs,
although additional research would be necessary to conclu-
sively establish this pathway in NA chronic pain risk. Next,
the findings underscore the role of sleep as a modifiable factor
that may contribute to chronic pain risk [44].
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Table 2. Unstandardized Coefficients for the Structural Equation Model Predicting Pain Outcomes (N = 302)

Measurement model Model without control variables Model with control variables R2
Estimate SE Z-test R? Estimate SE Z-test

Native American Status --> Ethnicity 1.000 — — — 1.000 — — —

Psychological Stress--> GSI 1.000 — — 0.980 59.030 5.277 11.187 0.605

Psychological Stress--> PSS 49.638 5.671 8.752 0.509 1.000 — — 0.825

Sleep Problems--> ISI 1.000 — — 0.905 1.000 0.899

Sleep Problems--> FSS 1.238 0.129 9.568 0.342 1.252 0.130 9.610 0.345

Sleep Problems--> SleepQ 0.130 0.009 14.913 0.692 0.131 0.009 14.861 0.692

Pain Tolerance--> Heat Tolerance 1.000 0.449 1.000 0.511

Pain Tolerance--> Cold Tolerance 0.196 0.027 7.297 0.415 0.179 0.024 7.556 0.395

Pain Tolerance--> Ischemia Tolerance 0.218 0.031 7.151 0.384 0.205 0.027 7.494 0.384

Pain Tolerance--> Electric Tolerance 6.563 0.917 7.157 0.385 5.799 0.804 7.209 0.342

Pain Facilitation --> TS-pain 1.000 — — — 1.000 — — —

Spinal Facilitation --> TS-NFR 1.000 — — — 1.000 — — —

Pain Inhibition --> CPM of Pain 1.000 — — — 1.000 — — —

Spinal Inhibition --> CPM of NFR 1.000 — — — 1.000 — — —

Error in PSS 17.977 2.364 7.605 14.476 2.035 7.115

Error in GSI 0.000 0.001 0.210 0.001 0.0004 2.788

Error in ISI 2.473 1.154 2.143 2.622 1.145 2.291

Error in FSS 69.948 6.855 10.204 69.408 6.819 10.179

Error in SleepQ 0.179 0.026 6.989 0.178 0.026 6.965

Error in Heat Tol 1.876 0.242 7.763 1.668 0.236 7.077

Error in Cold Tol 0.082 0.010 8.223 0.085 0.010 8.631

Error in Ischemia Tol 0.117 0.014 8.615 0.117 0.013 8.766

Error in Electric Tol 105.262 12.236 8.603 112.712 12.257 9.196

Structural model Estimate SE Z-test R2 Estimate SE Z-test R?

Predicting Psychological Stress 0.023 0.177

Race --> Psychological Stress 0.027 0.010 2.620 0.024 0.010 2.485

Age --> Psychological Stress -0.064 0.030 -2.127

Sex --> Psychological Stress -0.002 0.009 -0.223

Physical Activity --> Psychological Stress 0.014 0.011 1.307

BMI --> Psychological Stress 0.0004 0.001 0.323

Gen Health --> Psychological Stress -0.002 0.0004 -5.876

Predicting Sleep Problems 0.334 0.377

Race --> Sleep Problems 1.375 0.566 2.427 1.090 0.580 1.879

Psychological Stress --> Sleep Problems 30.173 4.445 6.789 33.210 4.758 6.981

Age --> Sleep Problems — — — 1.299 1.827 0.711

Sex --> Sleep Problems — — — -0.256 0.565 -0.453

Physical Activity --> Sleep Problems — — — 0.865 0.631 1.371

BMI --> Sleep Problems — — — 0.016 0.072 0.219

Gen Health -->Sleep Problems — — — -0.026 0.027 -0.954

Predicting Pain Tolerance 0.013 0.115

Psychological Stress --> Pain Tolerance 1.222 1.332 0.917 0.819 1.751 0.468

Sleep Problems --> Pain Tolerance 0.010 0.025 0.388 0.012 0.028 0.448

Age --> Pain Tolerance — — — -0.007 0.610 -0.012

Sex --> Pain Tolerance — — — -0.817 0.195 -4.187

Physical Activity --> Pain Tolerance — — — 0.180 0.212 0.848

BMI --> Pain Tolerance — — — -0.028 0.024 -1.182
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Table 2. Continued

Structural model Estimate SE Z-test R2 Estimate SE Z-test R?
Gen Health ---> Pain Tolerance — — — 0.005 0.009 0.573

Predicting Pain Facilitation (TS-Pain) 0.063 0.129
Psychological Stress --> Pain Facilitation 0.886 12.966 0.068 8.406 16.197 0.519

Sleep Problems --> Pain Facilitation 0.714 0.249 2.863 0.624 0.261 2.392

Age --> Pain Facilitation — — — 17.738 5.634 3.149

Sex --> Pain Facilitation — — — 1.638 1.731 0.946

Physical Activity --> Pain Facilitation — — — 4.886 1.952 2.504

BMI --> Pain Facilitation — — — -0.338 0.219 -1.544

Gen Health --> Pain Facilitation — — — 0.066 0.083 0.790

Predicting Spinal Facilitation (TS-NFR) 0.008 0.126
Psychological Stress --> Spinal Facilitation 0.289 0.473 0.612 0.718 0.578 1.241

Sleep Problems --> Spinal Facilitation 0.006 0.009 0.614 -0.001 0.009 -0.117

Age --> Spinal Facilitation — — — 0.980 0.200 4.904

Sex --> Spinal Facilitation — — — -0.120 0.061 -1.947

Physical Activity --> Spinal Facilitation — — — 0.089 0.069 1.279

BMI --> Spinal Facilitation — — — 0.001 0.008 0.174

Gen Health --> Spinal Facilitation — — — 0.000 0.003 -0.062

Predicting Pain Inhibition (CPM-Pain) 0.007 0.047
Psychological Stress --> Pain Inhibition 1.555 7.349 0.212 5.336 9.353 0.570

Sleep Problems --> Pain Inhibition 0.122 0.139 0.879 0.106 0.148 0.718

Age --> Pain Inhibition — — — 6.822 3.265 2.090

Sex --> Pain Inhibition — — — 1.046 1.003 1.043

Physical Activity --> Pain Inhibition — — — 1.735 1.131 1.534

BMI --> Pain Inhibition — — — -0.042 0.127 -0.329

Gen Health --> Pain Inhibition — — — 0.054 0.048 1.123

Predicting Spinal Inhibition (CPM-NFR) 0.012 0.075
Psychological Stress --> Spinal Inhibition 0.455 0.373 1.221 0.765 0.467 1.639

Sleep Problems --> Spinal Inhibition 0.001 0.007 0.200 -0.003 0.007 -0.382

Age --> Spinal Inhibition — — — 0.357 0.161 2.210

Sex --> Spinal Inhibition — — — -0.096 0.050 -1.936

Physical Activity --> Spinal Inhibition — — — 0.065 0.056 1.155

BMI --> Spinal Inhibition — — — 0.008 0.006 1.198

Gen Health --> Spinal Inhibition — — — 0.001 0.002 0.481

Residual for Psychological Stress 0.007 0.001 7.596 0.005 0.001 7.640

Residual for Sleep Problems 15.774 2.053 7.685 14.549 1.934 7.522

Residual for Pain Tolerance 1.509 0.304 4.966 1.541 0.290 5.311

Residual for Pain Facilitation 185.019 17.089 10.827 172.007 15.866 10.841

Residual for Spinal Facilitation 0.262 0.023 11.288 0.232 0.021 11.268

Residual for Pain Inhibition 61.942 5.599 11.062 59.528 5.383 11.058

Residual for Spinal Inhibition 0.153 0.014 11.001 0.143 0.013 10.953

Note: z-tests > 1.96 or < -1.96 are statistically significant at p < .05. NHW = non-Hispanic White; NA = Native American; BMI = body mass index; HRV
= heart rate variability; TS = temporal summation; NFR = nociceptive flexion reflex; CPM = conditioned pain modulation; SleepQ = Sleep Quality Index
from PSQI; Gen Health = General Health subscale from the SF-36; PSS = Perceived Stress Scale; GSI = Global Severity Index from the SCL = -90; Tol =

Tolerance.

Psychological Stress and Sleep Problems Promoted
Pain Facilitation, but not Hyperexcitability of Spinal
Neurons

Although highly correlated, pain facilitation (TS-pain) and
spinal facilitation (TS-NFR) can be modulated by separate
circuits and are thus dissociable in certain circumstances [54,
55]. For instance, TS-NFR, which assesses spinal nocicep-
tion, is unaffected by certain processes in the brain (e.g., pain

catastrophizing) that contribute to TS-pain [54]. When both
are measured, discrepancies between TS-pain and TS-NFR
can be cautiously used to infer whether spinal or supraspi-
nal processes contribute to enhanced temporal summation.
In the current study, sleep problems promoted greater pain
facilitation (TS-pain) without also promoting hyperexcitabil-
ity of spinal neurons (TS-NFR), and this pathway accounted
for greater TS-pain in NAs. This suggests that sleep problems
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contribute to sensitization of pain perception, ostensibly
via supraspinal circuits that amplify pain signals after they
reach the brain. TS-pain is frequently enhanced in chronic
pain samples [44] and has substantial theoretical support as
a proxy measure of central sensitization, a state of hypersen-
sitivity to potentially painful stimuli believed to be important
in the development and maintenance of many chronic pain
conditions [84]. Therefore, these findings support the hypoth-
esis that psychosocial stress and sleep problems may amplify
pain processing in the brain without altering pain processing
at the spinal level.

Psychological Stress Promotes Sleep Problems in
Native Americans

Both with and without control variables, the models tested in
the current study found that higher levels of the latent psy-
chological stress variable promoted sleep problems. In the
model without controls, there was also a direct path linking
NA ethnicity to sleep problems. When controlling for poten-
tially confounding variables (i.e., age, sex, physical activity,
BMI, and general health), though, NAs only experienced more
sleep problems than NHWs as a consequence of greater psy-
chological stress. Therefore, the absence of a direct pathway
between NA ethnicity and sleep problems in the model with
control variables indicates that these factors (i.e., age, sex,
physical activity, BMI, and general health) promoted greater
sleep problems in NAs. Given the role of psychological stress
in promoting sleep problems, these results underscore the
importance of systematic efforts to successfully reduce the
heightened experience of psychosocial stressors for NAs that
could ostensibly enhance psychological stress. Indeed, our
operationalization of the psychological stress variable encom-
passed only perceived stress and global psychological distress,
and thus would not account for other psychosocial risk fac-
tors that could predispose NAs to chronic pain. For instance,
previous findings from OK-SNAP suggest that other psycho-
social stressors disproportionately experienced by NAs, such
as adverse life events [81, 85] and discrimination [86], may
further contribute to the NA pain disparity.

Pain Facilitation: A Possible Link Between Sleep
Problems and Chronic Pain Risk

Other studies examining the role of sleep problems on exper-
imental pain have prospectively linked sleep impairment to
multiple pain-promoting processes, including greater pain
sensitivity (hyperalgesia) [87-89], pain facilitation (TS-pain)
[88], and reduced pain inhibition (CPM-pain) [37, 88, 90].
However, findings across these studies are somewhat incon-
sistent, likely due to methodological differences in both the
procedures for assessing sleep impairment (i.e., forced awak-
ening, sleep deprivation) as well as the procedures and sen-
sory modalities used in the pain paradigms [30, 89]. As noted
by others [30, 32], it is plausible that methods of inducing
sleep impairment have distinct effects on pain modulation.
For instance, Smith et al. found that disrupted sleep conti-
nuity was associated with impaired pain inhibition (CPM-
pain), whereas sleep restriction was not [37]. Given that the
descending inhibitory effects of CPM are mediated by endog-
enous opioids [39], repeated nighttime awakenings may
reduce endogenous opioid activity, leading to less efficient
descending pain modulation (CPM-pain). In contrast to these
studies, which utilized experimental methods to induce sleep
problems, the current study measured sleep problems using
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a latent variable of self-reported sleep problems and daytime
fatigue in the weeks prior to pain testing. While self-report
measures of sleep problems are less reliable and more prone
to overreporting than objective measures of sleep (e.g., poly-
somnography, wrist actigraphy) [91-93], assessing the effect
of sleep problems under normal conditions also provides evi-
dence for sleep problems conferring chronic pain risk with a
greater degree of ecological validity.

Although unexplored in the current study, additional exam-
ination of mediators by which sleep problems contribute to
pain facilitation is warranted. Sleep problems are linked to
changes in immune system function (i.e., enhanced concen-
tration of pro-inflammatory cytokines [38, 94]), hyperrespon-
sivity of the hypothalamic—pituitary—adrenal (HPA) axis [95],
reduced efficiency of endogenous opioids [37, 96], greater neg-
ative affect and pain catastrophizing [97], and reduced posi-
tive affect [30, 98]. Thus, the successful amelioration of sleep
problems may have a widespread protective effect on chronic
pain risk. Moreover, sleep problems are well-established risk
factors for other medical conditions associated with signif-
icant disability, morbidity, and suffering (e.g., heart attack,
diabetes, stroke, obesity) [99]. Sleep problems have also been
found to vary across ethnic groups in the United States and
may contribute to observed health disparities across eth-
nic groups [100-104]. For example, a study of over 29,000
Americans found that African Americans were more likely to
experience both short (<5 h) and long (>9 h) sleep duration
than NHWs [102]. Another study of ethnic minorities found
that experiences of racial discrimination were associated with
reduced sleep quality [104]. Relative to other ethnic groups,
NAs have also been found to experience frequent insufficient
sleep at higher rates [27]. Therefore, sleep problems may be
an important proximate target for interventions aiming to
promote overall health and reduce ethnic differences in dis-
ease burden. Fortunately, extant psychological treatments
aimed at improving sleep, like cognitive behavioral therapy
for insomnia (CBT-I), are brief, highly efficacious, and cost
efficient [105].

Strengths and Limitations

The current study utilized the largest known sample of NAs
who underwent quantitative sensory testing to determine
the effects of psychological stress and sleep impairment on
physiological processes related to chronic pain risk (i.e., TS
and CPM) [44]. Additionally, the study benefitted from using
structural equation modeling (SEM) to analyze these rela-
tionships and assess model fit. Modeling the constructs using
latent variables reduces error variance associated with mea-
surement [58] and SEM was able to determine paths and indi-
rect paths linking psychosocial variables with sleep and pain
outcomes [58]. Given the debate within the sleep and pain
literature in determining whether pain precedes sleep prob-
lems or vice versa [30], analyses that can establish potential
pathways between sleep and pain make useful contributions
to the literature. Despite its strengths, this study also faced
some limitations.

First, the current study only included healthy, chronic pain-
free individuals who were not taking centrally active medi-
cations. Because of this, the generalizability of the study to
other populations, including populations with chronic pain
or other chronic health conditions (e.g., diabetes, hyperten-
sion, obesity), is limited. Since these conditions are bidirec-
tionally related to sleep problems [106, 107] and are highly
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prevalent among NA groups [9, 108-110], generalizability of
these findings to broader NA populations is also limited. In
addition, the present analyses excluded members of non-NA
racial and ethnic minorities; thus, caution in generalizing
these findings to other racial/ethnic groups is warranted.
Furthermore, NA participants in OK-SNAP largely came
from northeastern Oklahoma, such that generalizability to
NAs in other locations may be limited. Given that there were
participants who did not complete all of OK-SNAP, there is
a potential for selection effects. However, we have previously
shown that there are few differences between study com-
pleters and non-completers [111, 112]. As mentioned earlier,
the self-report measures that comprise the sleep problems
latent variable are prone to symptom overreporting and may
not be as valid as objective measures of sleep. Nevertheless,
self-report sleep measures used in the study are significantly
related to objective sleep measures [63], suggesting that they
are adequate for the current study. And finally, all study vari-
ables were collected over multiple days; thus, the data are
largely cross-sectional and causal inferences are limited. For
example, it is not possible to determine whether stress is a
precursor or a consequence of sleep problems.

Summary

This study found that Native Americans experienced more
psychological stress and more sleep problems than non-His-
panic Whites. In turn, sleep problems promoted pain facili-
tation (temporal summation of pain) but not facilitation of
spinal neurons (temporal summation of the nociceptive flex-
ion reflex), impaired endogenous inhibition of pain (condi-
tioned pain modulation) or spinal nociception (conditioned
pain modulation of the nociceptive flexion reflex), or hyper-
algesia. These findings provide additional evidence of sleep
problems promoting chronic pain risk and identify psycho-
logical stress and sleep problems as a mechanism that may
contribute to the higher prevalence of chronic pain in Native
Americans.
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