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Abstract

Background—~Racial differences in endogenous pain facilitatory processes have been previously
reported. Evidence suggests that psychological and behavioral factors, including depressive
symptoms and sleep, can alter endogenous pain facilitatory processes. Whether depressive
symptoms and sleep might help explain racial differences in endogenous pain facilitatory
processes has yet to be determined.

Purpose—This observational, microlongitudinal study examined whether depressive symptoms
and sleep were sequential mediators of racial differences in endogenous pain facilitatory
processes.

Methods—A total of 50 (26 African American and 24 non-Hispanic White) community-dwelling
adults without chronic pain (mean 49.04 years; range 21-77) completed the Center for
Epidemiological Studies Depression Scale prior to seven consecutive nights of sleep monitoring
with actigraphy in the home environment. Participants subsequently returned to the laboratory for
assessment of endogenous pain facilitation using a mechanical temporal summation protocol.

Results—Findings revealed greater depressive symptoms, poorer sleep efficiency, and greater
temporal summation of mechanical pain in African Americans compared to non-Hispanic Whites.
In a sequential mediation model, greater depressive symptoms predicted poorer sleep efficiency (t
= -2.55, p =.014), and poorer sleep efficiency predicted enhanced temporal summation of
mechanical pain (t = -4.11, p < .001), particularly for African Americans.
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Conclusions—This study underscores the importance of examining the contribution of
psychological and behavioral factors when addressing racial differences in pain processing.
Additionally, it lends support for the deleterious impact of depressive symptoms on sleep
efficiency, suggesting that both sequentially mediate racial differences in endogenous pain
facilitation.
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INTRODUCTION

Temporal summation of pain refers to an increase in pain perception after application of a
series of identical noxious stimuli delivered at sufficient frequency and intensity (1).
Characterization of temporal summation responses provides information about endogenous
pain facilitatory mechanisms underlying nociceptive processing in healthy individuals and
those with chronic pain (2—4). Tests of experimental pain sensitivity like temporal
summation responses are widely incorporated in psychophysical studies to invoke neural
mechanisms related to central sensitization (5). Previous work conducted by our group has
revealed significant racial differences in temporal summation of pain using heat and
mechanical stimuli (6, 7), such that African Americans (AAs) demonstrate greater
endogenous pain facilitation compared to non-Hispanic Whites (NHWSs). Subsequently, we
have begun to examine various factors that might help explain why AAs often demonstrate
enhanced pain facilitatory processes (i.e., temporal summation) compared to their NHW
counterparts.

Evidence suggests that psychological and behavioral factors, including depressive symptoms
(8, 9) and sleep (10-12), can alter experimental tests of pain sensitivity including temporal
summation of pain responses. Importantly, racial differences have also been previously
documented in depressive symptoms and sleep quality. For example, significantly higher
rates of depressive symptoms have been observed in community-dwelling AAs compared to
NHWs (13). Additionally, higher levels of sleep disturbance have been observed on
objective assessments in AAs versus NHWSs, including greater odds of obstructive sleep
apnea syndrome, shorter sleep duration, poorer sleep quality and sleep efficiency, and
increased daytime sleepiness (14-16). AAs also subjectively report a high degree of sleep
impairments in addition to objective parameters of poor sleep quality (17). Taken together, it
may be that depressive symptoms and sleep quality are important factors to consider when
evaluating temporal summation of pain responses in AA populations. When simultaneously
considering depressive symptoms and sleep quality in relation to temporal summation of
pain, it is also prudent to consider the directionality of these associations and the temporal
precedence of variable measurement.

In a non-clinical sample, depressive symptoms were shown to be strongly linked to poor
sleep quality (18). In clinical samples, difficulty initiating and/or maintaining sleep has been
reported in about three-quarters of depressed patients (19-21). It has been argued that a bi-
directional relationship likely exists between depressive symptoms and sleep quality;
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however, compelling evidence suggests that sleep problems often manifest secondary to the
emergence of depressive symptoms (20, 22) and that depression is a risk factor for
subsequent sleep difficulties (23, 24). These findings help support the assertion that the
experience of depressive symptoms may subsequently beget poor sleep quality.

Ample evidence suggests that sleep quality is associated with pain, including experimental
pain sensitivity (25, 26) as well as clinical pain outcomes (27, 28). A recent comprehensive
review of the literature indicated that in (micro)longitudinal studies, poor sleep was
generally a stronger, more reliable predictor of pain than pain was of poor sleep (17).
Further, poor sleep also predicted experimental pain outcomes such as endogenous pain
modulatory processes (29). This conclusion identifies a directional relationship between
sleep and pain, rather than an equally bi-directional relationship as commonly thought.

To our knowledge, the majority of previous research examining predictors of experimental
pain sensitivity has addressed race, depressive symptoms, and sleep quality independent of
each another. Consideration of these factors together as part of a single microlongitudinal
study may help identify a sequence of associations among the mechanisms underpinning
racial differences in experimental pain sensitivity. Therefore, this study specifically
addressed differences in depressive symptoms, sleep quality, and temporal summation of
mechanical pain between AAs and NHWs. Temporal summation of pain is a pain sensitivity
test that is widely incorporated in experimental studies to invoke neural mechanisms related
to endogenous pain facilitation (30, 31). We hypothesized that AAs would demonstrate
significantly greater depressive symptoms, poorer sleep quality, and greater temporal
summation of mechanical pain compared to NHWs. It was further hypothesized that
depressive symptoms and sleep quality would sequentially mediate the difference in
temporal summation of mechanical pain between AAs and NHWSs. Figure 1 illustrates our
putative conceptual model.

MATERIALS AND METHODS
Study Design & Participants

All participants underwent two study sessions in a laboratory setting that lasted
approximately 1.5 hours each. All study protocols were approved by the local Institutional
Review Board and carried out in accordance with guidelines for the ethical conduct of
research. Written informed consent was obtained from each participant prior to the study
and they were compensated for their involvement. Notably, a microlongitudinal study design
(Figure 2) was utilized to provide a temporal precedence for arguing the directionality of
associations hypothesized in our conceptual model.

The study’s final sample was composed of 50 healthy adults recruited from the Birmingham,
Alabama community who reported their ethnicity as non-Hispanic and their race as either
white (24 participants) or African American (26 participants). The participants were divided
by sex and race in nearly equal proportions (56% female, 52% AA) and ranged in age from
21 to 77 years old. Individuals interested in being part of this study were assessed for
eligibility during an initial telephone screening. Healthy participants were chosen for this
study in large part to eliminate extraneous factors that may influence pain perception,
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depressive symptoms, or sleep quality, such as pre-existing pain conditions and chronic
systemic medical disorders. To this end, interested participants were only included in the
study if they denied any ongoing chronic pain problems and also denied any episodes of
acute pain within the 2 weeks prior to study participation. Additionally, all study participants
fulfilled the following criteria for inclusion: not currently pregnant, no evidence of
uncontrolled hypertension (i.e., resting blood pressure > 150/95 mmHg) assessed via
sphygmomanometer, no circulatory disorders, and no history of cardiac events, stroke,
seizure, metabolic disease, neuropathy, and cancer. Eligible participants then presented for
an initial study session, during which time they provided demographic and anthropometric
information. They also completed measures of obstructive sleep apnea risk and depressive
symptoms prior to seven consecutive nights of sleep monitoring with wrist actigraphy in the
home environment. Upon completion of sleep monitoring, participants returned to the
laboratory for a quantitative sensory testing session to assess endogenous pain facilitation
using a mechanical temporal summation protocol. All study participants underwent the same
set of procedures.

CES-D—The Center for Epidemiological Studies-Depression Scale (CES-D) is a 20-item
measure of depressive symptoms including negative mood, guilt/worthlessness,
helplessness/hopelessness, psychomotor retardation, loss of appetite, and sleep disturbance
(32). Individuals report on their experiences of depressive symptoms over the past week.
This measure has been shown to be reliable and valid in general populations, including when
used in racial minority groups (33). The CES-D is generally accepted as a useful tool for
screening depressive symptomatology (34), and was therefore used to characterize
depressive symptoms in the current study. The total score ranges from 0 to 60, and scores
above 16 are suggestive of possible clinical levels of depressive symptomatology (35).

STOP-BANG—The STOP-BANG Sleep Apnea Questionnaire is used to screen patients for
obstructive sleep apnea (OSA). The STOP-BANG consists of eight yes/no questions, scored
0 =no/1 = yes (range 0-8). The STOP-BANG assesses for major risk factors of OSA
including snoring, daytime fatigue, and high blood pressure, external observation of the
participant not breathing while sleeping, a body mass index (BMI) >35kg/m2, age over 50
years, neck circumference > 16 inches, and male gender (36). Risk for OSA is considered
high if the participant answers “yes” to 5 or more of the questions. Intermediate risk is
indicated by a score of 3—4, while a score of <3 suggests low risk (37). High internal validity
and sensitivity has been demonstrated in patients without history of sleep disorders. As such,
the STOP-BANG questionnaire has been recommended for use due to its high
methodological quality and ease of administration (38). None of the participants were
excluded due to sleep apnea risk, rather the intent was to quantify risk and include it as a
covariate in data analysis. This was done to control for the variance in sleep quality and
depressive symptoms that was attributable to obstructive sleep apnea.

Sleep Assessment

Actigraphy—Objective sleep data was acquired using the Actiwatch2 (Respironics, Bend,
OR), a wrist-worn, watch-like actigraph. The Actiwatch2 is a solid-state accelerometer, or
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movement detector, designed to measure ambulatory activity. It was used to measure daily
sleep-wake patterns and record body movement. The Actiwatch2 has good reliability and
criterion validity (39, 40). Actigraphy has been shown to be comparable to
polysomnography (41, 42), and actigraphic measurement produces valid data in persons
with and without chronic pain (43, 44). Study participants were instructed to depress a
button (event marker) on the Actiwatch2 at bedtime and upon waking in the morning. These
events were also compared to the corresponding sleep diaries participants completed daily.
With the aid of these diaries and event markers, researchers used a protocol for actigraphy
scoring and set sleep periods. Sleep-wake patterns were extracted from the actigraphy data
using the Actiware Sleep version 6.0.8, which bases its algorithm on the amplitude and
frequency of detected movements, which were scored in 30-second epochs.

The following parameters were derived from the actigraphy data: total sleep time, sleep
onset latency, wake after sleep onset time, and sleep efficiency. Each parameter was
averaged across seven nights of actigraphy for overall measures of sleep quality a week prior
to the quantitative sensory testing session. Total sleep time was scored as sleep in minutes
from sleep onset to sleep offset. Sleep onset latency represents the length of time in minutes
it took to transition from fully awake to asleep. Wake after sleep onset was calculated by
adding the number of minutes in which participants were awake from sleep onset to final
awakening. Sleep efficiency is the ratio of estimated total sleep time divided by total time
spent in bed as a percentage times 100, with values closer to 100 meaning the most efficient
sleep.

Quantitative Sensory Testing

Temporal Summation of Mechanical Pain—Participants underwent a mechanical
procedure designed to assess temporal summation of mechanical pain using a nylon
monofilament (Touchtest Sensory Evaluator 6.65). This filament is calibrated to bend at
300g of pressure. We have successfully used this procedure in our previous work (7, 45).
Testing sites included the back of the non-dominant hand and the ipsilateral superior
trapezius, in randomized order. These testing sites were selected due to ease of accessibility
and because they allowed for a more comprehensive assessment of temporal summation
given that the back of the hand (C7) and superior trapezius (C4) are innervated by separate
spinal nerves with distinct dermatomal distributions. To assess temporal summation of
mechanical pain at each site, participants were subjected to a single contact of the
monofilament and then asked to rate the intensity of the pain resulting from this one contact
using a 0-100 numeric rating scale where 0 = “no pain” and 100 = “the most intense pain
imaginable.” Participants were then subjected to a series of 10 additional contacts at a rate of
one contact per second, after which they were again asked to provide one additional 0-100
rating representing the greatest pain intensity experienced during the series of 10 contacts.
This procedure was repeated twice at each anatomical location. Pain ratings for the single
and multiple contacts performed at each anatomical location were averaged across the two
trials. The magnitude of temporal summation (i.e., A change scores for temporal summation
at the hand and trapezius) was calculated by subtracting pain intensity ratings following the
15t contact from pain intensity ratings following the 10t contact.
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Data Analysis

Covariates

RESULTS

All data were analyzed using SPSS, version 22 (IBM, Chicago, IL, USA). All participants
provided complete demographic and quantitative sensory testing data. Descriptive statistics
were computed for the overall sample as well as separately by racial group; data are
presented as percentages or as means and standard deviations. Differences in categorical
data were examined using Chi-square. Two separate paired samples t-tests comparing the
pain rating following a single contact to the maximal pain rating following 10 contacts were
used to evaluate whether significant temporal summation occurred at each site. Univariate
ANCOVASs were then utilized to examine racial differences in depressive symptoms,
objective sleep data, and temporal summation of mechanical pain. Finally, a sequential
mediation model was used to evaluate predictive relationships among race, depressive
symptoms, objective sleep parameters, and temporal summation of mechanical pain (46).
Although all of the objective sleep parameters were examined, it was anticipated that sleep
efficiency would be the most relevant given that its calculation is derived from the other
parameters (e.g., total sleep time = time in bed — sleep onset latency — wake after sleep
onset; sleep efficiency = (total sleep time/time in bed) * 100) (47).

Even in healthy participants there are likely still confounding factors that relate to depressive
symptoms, sleep quality, and temporal summation of mechanical pain. Demographic factors
including age, sex, and indicators of socioeconomic status (e.g., education level) have all
been shown to contribute to the experience of pain (7, 48, 49). Further, obstructive sleep
apnea is a risk factor for poor depressive symptoms (50) and poor sleep quality (51).
Accordingly, age, sex (coded 0 = women, 1 = men), education level (coded 0 = high school
or less, 1 = some college or more), and risk for obstructive sleep apnea (coded 0 = low/
intermediate risk, 1 = high risk) were included in all analyses as covariates.

Participant characteristics

Characteristics of the 50 healthy adults who participated in the study are presented in Table
1. The mean age of the sample was 49.04 (SD = 12.07, range 21-77), with slightly greater
proportion of women participating (56% women). NHW and AA races were approximately
equally represented (52% AA). A significantly greater proportion of NHWs (87.5%) than
AAs (42.3%) reported completing some college or greater (XZ =11.06, p = .001). On the
STOP-BANG questionnaire, which measures risk for obstructive sleep apnea, approximately
22% of the overall sample met criteria for “high risk.” The remaining 78% were found to
have “low to intermediate risk” of obstructive sleep apnea. Obstructive sleep apnea risk did
not significantly differ between AAs and NHWSs. Neither acute pain nor a history of chronic
pain was endorsed by any of the participants, and none reported taking any prescribed or
over-the-counter pain medications prior to the first or second study sessions.

Descriptive data representing depressive symptoms and actigraphic sleep parameters both
overall and by race differences are shown in Table 2. Scores on the CES-D, an index of
depressive symptoms, ranged from 2-43 with a mean of 13.45 (SD = 10.1). Overall total

Ann Behav Med. Author manuscript; available in PMC 2018 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bulls et al.

Page 7

sleep time was 380.69 minutes (SD = 65.41), or 6.34 hours, per night with an average
efficiency of 79.66% (SD = 9.58). Sleep onset latency was approximately 25.61 (SD =
44.79) minutes, with an average of 53.38 (SD = 26.82) minutes of wake time after the onset
of sleep.

Temporal summation of mechanical pain

Across all participants, paired samples t-tests revealed that the mean pain intensity rating
following the 10t contact with the mechanical stimulus was significantly greater than the
mean pain intensity rating following the 15t contact when assessed at the hand (t49 = 5.78, p
<.001) and the trapezius (tag = 5.11, p<.001). These increases in pain intensity ratings
represent statistically significant temporal summation of mechanical pain for both
anatomical testing sites.

Racial differences in temporal summation of mechanical pain, depressive symptoms, and
sleep quality

In an adjusted model controlling for all covariates, AAs demonstrated significantly greater
temporal summation of mechanical pain compared to NHWs at both the hand (A1, 44) =
4.15, p =.048) and the trapezius (A1, 44) = 5.67, p = .022) (Table 3). AAs also reported
significantly greater severity of depressive symptoms than their NHW counterparts (A1, 44)
=4.34, p =.043). AAs experienced poorer nightly actigraphic sleep efficiency than NHWs
(A1, 44) = 4.21, p = 0.046). Additionally, AAs spent less total time asleep each night on
average (i.e., total sleep time) compared to their NHW counterparts (A1, 44) =4.75,p =
0.035). In contrast, no significant racial differences were observed for either the sleep onset
latency or wake after sleep onset parameters (both p’s > 0.05).

Zero-order correlations

Temporal summation of mechanical pain was found to be significantly correlated between
the two anatomical locations — hand and trapezius (r = .54, p < .001). Therefore, temporal
summation of mechanical pain was averaged across the two anatomical locations to create
overall temporal summation of mechanical pain that was used in subsequent analyses.
Additional Pearson correlations are presented in Table 4. Heightened overall temporal
summation of mechanical pain was significantly correlated with all four actigraphic sleep
quality parameters including, less sleep efficiency and total sleep time as well as greater
sleep onset latency and wake after sleep onset. Greater depressive symptoms were
significantly correlated with both lower sleep efficiency and less total sleep time. However,
depressive symptoms were not significantly correlated with overall temporal summation of
mechanical pain.

Sequential mediation

A sequential mediation analysis controlling for covariates was conducted via bootstrapping
methods (41). This analysis provides estimates of path coefficients and significance tests for
specified mediational models, as well as estimates of indirect effects. All paths for the full
model are illustrated in Figure 3. In this analysis sleep efficiency was chosen as the primary
indicator of sleep quality given that it was most strongly related to race, depressive
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symptoms, and overall temporal summation of mechanical pain. The indirect effect of AA
versus NHW race on overall temporal summation of mechanical pain through both
depressive symptoms and sleep efficiency was significant with a point estimate of —0.99 and
a 95% confidence interval of —2.325 to —0.086. These results support the hypothesized
sequential mediation model. AA race predicted greater severity of depressive symptoms (t =
-2.08, p = .043). In turn, greater severity of depressive symptoms predicted poorer sleep
efficiency (t = —2.55, p = .014). While poorer sleep efficiency subsequently predicted greater
temporal summation of mechanical pain for AAs (t = —4.11, p = .0002). This model was
then tested again with the mediators reversed, such that sleep efficiency predicted depressive
symptoms, and the sequential mediation results were non-significant in this instance. Lastly,
total sleep time was examined as an alternative indicator of sleep quality in a subsequent
analysis; however, the results showed that sequential mediation in the model including total
sleep time was also non-significant.

DISCUSSION

Previous studies that have addressed racial differences in clinical pain consistently revealed
that AAs reported more severe pain compared to NHWSs (52). One explanation for greater
clinical pain severity in AA populations has been that AAs often demonstrate enhanced
endogenous pain facilitation when assessed using experimental protocols of heat and/or
mechanical temporal summation (6, 7). It has been suggested by Yarnitsky and colleagues
that an individual (or population of individuals such as AAs) expressing enhanced pain
facilitatory processes could be characterized as pro-nociceptive (53). As a result, this
individual (or population of individuals) would express a more pain sensitive phenotype that
increases the risk of developing (or perpetuating) a chronic pain condition. Understanding
how different racial groups experience pain is crucial to enhancing pain assessment and
treatment by allowing providers to personalize pain medicine based on the sources of this
variation. Specifically studying differences in how pain is experienced between AAs and
NHWSs seems worthwhile because each represents major population groups that show
significant differences in pain-related phenotypes (45, 54, 55). Also, the influence of race on
pain responses is driven by complex interactions among multiple pain-relevant biological,
psychological, behavioral, and sociocultural factors (52, 56). This study included two
important psychological and behavioral factors: depressive symptoms and sleep quality,
respectively. The ultimate goal of this investigation was to characterize the relationships
amongst race, depressive symptoms, sleep quality, and endogenous pain facilitatory
processes in community-dwelling adults without chronic pain.

A noteworthy shortcoming of the previous research that specifically investigated racial
differences in pain has been the lack of consideration for clinically-relevant mechanisms that
may help explain how these racial differences manifest. The goal of this study was to
specifically address this shortcoming in the published literature. Along this line, AAs
reported significantly greater depressive symptoms, poorer sleep efficiency, and attenuated
total sleep time in comparison to their NHW counterparts. Our results indicate AA
participants on average reported clinically relevant levels of depressive symptoms (mean
CES-D > 16) (35) and poor sleep efficiency suggestive of insomnia (mean sleep efficiency <
85%) (57). This is consistent with prior research in community-dwelling samples indicating
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that AAs often report greater mood disturbances (13, 58) and lower quality sleep (14-16)
than their NHW counterparts. Lastly, results indicated that AAs demonstrated greater
temporal summation of mechanical pain than NHWs at the hand and the trapezius, as well as
the overall index of endogenous pain facilitation.

Given the above findings, a sequential mediation model was tested to determine whether the
impact of depressive symptoms on sleep quality might help explain the observed racial
difference in mechanical temporal summation between AAs and NHWs. Findings
demonstrated that AA race predicted greater severity of depressive symptoms, which in turn
predicted poorer sleep efficiency, which subsequently predicted increased endogenous pain
facilitation (i.e., mechanical temporal summation). This model was not replicated when
using total sleep time in place of sleep efficiency. In addition, the microlongitudinal nature
of the study design allows for the careful interpretation that greater depressive symptoms
predicted poorer sleep quality (i.e., efficiency) in this context, rather than the reverse.
Overall, the study’s hypothesis that depressive symptoms and sleep quality would
sequentially mediate the racial difference in temporal summation of mechanical pain was
confirmed. To our knowledge, we are the first to evaluate all of these factors simultaneously
in one model to ascertain directional relationships.

Interestingly, this investigation suggests that not all parameters of actigraphic sleep quality
mediate racial differences in endogenous pain facilitation. In fact, only two of the four sleep
quality parameters were found to have significant racial differences (sleep efficiency and
total sleep time), and only one of those parameters was significant in the tested sequential
mediation model. This suggests that sleep efficiency may be of particular interest when
characterizing poor sleep in AAs across the adult lifespan. As noted previously, one
explanation may be that sleep efficiency is the best indicator of overall sleep quality, given
that its calculation takes total sleep time, sleep onset latency, and wake after sleep onset into
account (47). Thus, it is the most relevant for examining in relation to depressive symptoms
and experimental pain sensitivity. Another explanation may be related to differences in
relationships amongst depressive symptoms, total sleep time, and sleep efficiency.
Depressive symptoms may confer a propensity towards insomnia symptoms (59) or
hypersomnolence (60), both of which can increase total sleep time. However, such an
increase in total sleep time is not necessarily suggestive of better or more efficient sleep.
Indeed, depressive symptoms such as fatigue, anhedonia, and physical inactivity may lead to
more time spent sleeping throughout the night and day (61), but less time obtaining efficient,
restful, and uninterrupted sleep (18).

Overall, these results indicate that even in relatively healthy, community-dwelling adults,
clinically relevant levels of depression, insomnia, and pain sensitivity may still be present.
Further clinical implications of our findings, particularly for AAs, are underscored by
previous research that has related depression, poor sleep, and experimental pain responses to
clinical pain outcomes. Depression and sleep quality are well documented predictors of
chronic pain development and severity, as well as related disability (17, 62). Further,
enhanced pain facilitatory processes have been shown to be predictive of post-operative
chronic pain development and severity (7, 63). It has even been suggested that responses to
experimental pain testing may be better related to the clinical pain experiences of AAs
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compared to NHWs (52). Importantly, AAs often experience a greater prevalence and
severity of chronic pain across a variety of clinical conditions relative to NHWs (64), and it
may be that depressive symptoms, poor sleep, and endogenous pain facilitation play a
contributory role. Additional research on this topic is needed to confirm or refute such a
hypothesis.

Results of this investigation suggest that efforts to better assess mood and sleep in the
clinical setting may prove crucial for identifying modifiable treatment targets. Also, our
findings lend further support to the incorporation of treatments intended to reduce depressive
symptoms and improve sleep quality in those at risk for (or who already have) chronic pain,
particularly AA populations. Use of evidence-based treatments (e.g., cognitive behavioral
therapy) designed to mitigate depressive symptoms in AAs may also exert beneficial
downstream effects on sleep quality and pain sensitivity. Given the bi-directional overlap
between depression and sleep reported in other studies (65, 66), it may be that behavioral
sleep medicine interventions designed to improve sleep quality also concomitantly exert
positive impacts on depressive symptoms and pain sensitivity, particularly for AAs. Ideally,
depressive symptoms and sleep quality should be equally addressed as part of a
comprehensive pain treatment plan.

Several limitations are worthy of mention when considering the findings of this study. First,
this study included only community-dwelling adults without any chronic pain conditions.
This limits the ability to generalize our findings to clinical pain populations who may very
well demonstrate greater severity of depressive symptoms, sleep impairments, and altered
pain sensitivity. Second, we attempted to recruit only community-dwelling individuals who
were healthy; however, as mentioned above, AAs demonstrated significantly greater levels
of depressive symptoms that were clinically relevant (mean CES-D > 16). Elevated
depressive symptoms are known to be associated with other factors that can influence pain
sensitivity such as stress (67) and inflammation (68), which were not examined as part of
this study. Therefore, we cannot rule out the possibility that other depression-related
mediators besides sleep might account for racial differences in temporal summation of
mechanical pain. Third, although the microlongitudinal design of this study helps to
establish a temporal precedence among key variables, the ability to make reliable causal
inferences is limited by the lack of a true longitudinal study design with repeat
measurements. Therefore, the directionality of reported effects in this study should be
considered tentative and interpreted with caution. Future research extending the timeline of
assessment and examining the development of depression and sleep impairments in AAs
with and without chronic pain will be necessary to further validate the clinical relevance of
the current study’s findings. Finally, the sample size included in the current study was rather
small. Although the significant findings preclude concerns about statistical power, additional
studies with larger sample sizes are necessary to replicate our findings and further establish
their reliability.

Despite these limitations, this study provides evidence of the detrimental impact of
depressive symptoms on sleep efficiency, suggesting that both sequentially mediate the
difference in endogenous pain facilitation between AAs and NHWs when assessed by
temporal summation of mechanical pain. Further, incorporation of interventions intended to
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reduce depressive symptoms and improve sleep efficiency in those at risk for chronic pain
may be warranted. Although these results suggest a significant impact of race, depressive

sy

mptoms, and sleep efficiency on the experimental pain sensitivity of community-dwelling

AAs, it will be important to examine and validate these relationships in clinical populations

(e.

g., chronic pain patients). If additional research indicates that the model in this study is

relevant for clinical pain outcomes, then treatments that improve the mood and sleep of AAs
may help reduce the high burden of chronic pain currently experienced by this racial group.
Continuing research in this area could result in more effective, individually tailored pain
treatments for those at risk for chronic pain.
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Figure 3.
Sequential Mediation Model.
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Table 1

Overall African-American  Non-Hispanic White
(N = 50) (N = 26) (N = 24)
Variable
Age (y  SD) 49.0+12.1 49.0+95 49.0+14.6
Gender
Male (%) 440 462 417
Female (%) 56.0 53.8 58.3
Education
High school or less (%) 36.0 57.7 125
Some college or greater (%) 64.0 42.3 87.5
STOP-Bang
High Risk (%) 22.0 30.8 125
Intermediate/Low Risk (%) 78.0 69.2 87.5
BMI (kg/m? + SD) 30.1+9.1 31.6+9.6 284 +8.4

Note. SD, standard deviation; BMI, Body Mass Index is calculated by dividing an individual’s weight (kg) by height (m2); STOP-Bang, the STOP-
Bang Sleep Apnea Questionnaire is a risk assessment for Obstructive Sleep Apnea (OSA). Individuals that score 5 or higher are considered High
Risk for OSA. Individuals that score less than 5 are considered Intermediate to Low Risk for OSA
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Table 2

Descriptive data representing depressive symptoms and actigraphic sleep parameters for African-American
and non-Hispanic white community-dwelling adults

Total AA NHW

M (SD) M (SD) M (SD) P
CES-D 13.45(10.11)  17.72(11.32)  9.00(6.26)  0.043
Sleep efficiency 79.66 (9.58) 75.60 (9.11) 83.89(8.25)  0.046
Sleep onset latency 25.61 (44.79) 35.51 (58.31) 15.29 (20.55)  0.444
Total sleep time 380.69 (65.41) 354.48 (60.52) 408.00 (59.85) 0.035

Wake after sleep onset ~ 53.38 (26.82) 59.51 (27.74) 46.99 (24.79) 0518

Note. CES-D, Center for Epidemiological Studies Depression Scale.
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Assessment of temporal summation of mechanical pain at the hand, trapezius, and overall between African

American (AA) and non-Hispanic white (NHW) community-dwelling adults.

Variables Racial Group  Mean (SD) p
Hand
Pain rating — 1%t contact NHW 3.15(4.12)  0.227
AA 5.38 (8.25)
Pain rating — 10 contacts NHW 6.54 (6.62) 0.015
AA 13.96 (13.10)
Temporal summation — Hand NHW 3.39 (4.20) 0.048
AA 8.58 (8.89)
Trapezius
Pain rating — 1%t contact NHW 3.33(3.60)  0.402
AA 4.58 (6.48)
Pain rating — 10 contacts NHW 7.21 (4.72) 0.014
AA 15.94 (16.39)
Temporal summation — Trapezius NHW 3.88 (3.43) 0.022
AA 11.37 (13.69)
Overall Temporal Summation * NHW 3.64 (3.37) 0.012
AA 8.93(8.83)

Note: All pain intensity ratings were provided using a 0-100 numeric rating scale with 0 = “no pain” and 100 = “the most intense pain imaginable”.

The magnitude of temporal summation represents a difference score (10th contact-1St contact) at each site.

*
Overall temporal summation is the average of site specific temporal summation at the hand and trapezius.
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