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Abstract
Objective—There has been recent interest in characterizing potential abnormalities of pain
processing in patients with sleep disorders such as Restless Legs Syndrome (RLS). The aim of this
study was to evaluate psychophysical responses to noxious heat and pressure stimuli in both
treated and untreated RLS patients, compared to matched controls.

Methods—This study is a cross-sectional group comparison of RLS patients with matched
controls. A total of 31 patients (15 treated, 16 untreated) with a confirmed diagnosis of RLS were
compared to 18 controls with no history of RLS or related sleep disorders.

Results—RLS patients (both treated and untreated) demonstrated reduced pain thresholds and
reported greater clinical pain relative to controls. Moreover, RLS patients demonstrated enhanced
temporal summation of heat pain (p< .05), which may reflect aberrant central nervous system
facilitation of pain transmission. Both treated and untreated RLS patients reported disrupted sleep
relative to controls, and mediation analyses suggested that the reduced pain thresholds in RLS
were attributable to sleep disturbance. However, the effect of RLS on the magnitude of temporal
summation of heat pain was independent of sleep disturbance.

Conclusions—These findings suggest that central nervous system pain processing may be
amplified in RLS, perhaps partially as a consequence of sleep disruption. RLS patients, even those
whose symptoms are managed pharmacologically, may be at elevated long-term risk for the
development or maintenance of persistent pain conditions. Further studies in larger samples could
help to improve the prospects for pain management in RLS patients.
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Introduction
Restless Legs Syndrome (RLS) is a neurological disorder that affects up to 10% of the
population (1). Its symptoms show circadian variability, with a worsening in the evening,
and include dysesthetic sensations in the legs along with an urge to move (2). Although the
pathophysiology of RLS remains incompletely characterized, strong evidence suggests a
central role for dopaminergic (3) and opioidergic systems (4). Given that opioids and
dopamine play leading roles in central pain-modulatory processes (5–7), it is natural to
inquire whether the symptomatology of RLS may include alterations in the perception and
experience of pain.

There appears to be significant comorbidity among RLS, fibromyalgia (8), and headache (9),
and recent surveys of RLS patients have revealed high rates of moderate to severe pain (10–
13). Other work has indicated that the severity of core RLS symptoms correlates with pain
severity (12;14), suggesting overlap between manifestations of the disease and pain.
Moreover, effective treatment with dopaminergic agonists reduces daily pain complaints
among RLS patients (15). While these clinical findings hint that the perception of pain may
be amplified in RLS, few laboratory studies have examined responses to standardized
stimuli in a controlled environment.

In one such report, RLS patients exhibited profound mechanical hyperalgesia at multiple
body sites, which normalized after long-term treatment with dopamine agonists (16). The
study’s authors noted that RLS should perhaps be categorized as a disorder of central pain
processing as well as a motor and sleep disorder (16), a suggestion echoed by other RLS
researchers (3;10;17). In addition, one functional neuroimaging study revealed a
dysfunctional pattern of cerebral endogenous opioid binding in RLS patients. These
findings, in concert with indications of enhanced spinal reflexes in RLS (18) indicate that
RLS may be associated with central sensitization of spinal neurons or reduction in
supraspinally-generated pain-inhibition.

In the present investigation, we used quantitative sensory testing (19) to evaluate the pain
responses of both treated and untreated RLS patients to a variety of noxious stimuli,
compared to matched controls. Prior studies of pain responses in RLS patients have not
generally evaluated both treated and untreated participants in order to assess the putative
effects of pharmacologic management of RLS symptoms on pain perception. In addition, we
assessed whether the qualitative severity of sleep disruption, which is often severe in RLS
patients (1;12;20), accounted for any observed group differences in pain responses. Since
previous studies have suggested that naturally-occurring sleep disturbance (21;22), or
experimental sleep disruption (23;24), results in enhanced pain perception and pain report,
this constitutes one apparent mechanism by which RLS may impact the perception of pain.

Materials and Methods
Subject Recruitment and Screening

All subjects provided verbal and written informed consent, and all procedures were
approved by the Institutional Review Board. All subjects were screened using medical
history and RLS diagnostic questionnaires, as well as the validated Hopkins diagnostic
interview for RLS (25), performed by an RLS specialist (RPA). Controls subjects had to
have no positive responses to any of the four defining RLS features in order to have a
definite NOT-RLS diagnosis. RLS subjects had to have all four defining features of RLS
(20) and not have other symptoms or conditions that might mimic RLS in order to have a
“definite” RLS diagnosis (25). Any subjects who had chronically painful conditions such as
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arthritis, neuropathy, or muscle pain were excluded, as were subjects who reported being on
analgesic medications (e.g., opiates).

For RLS subjects who were off medication for this study, all centrally active medications,
including RLS medications, were withdrawn at least 11 days or 6 drug half-lives (whichever
length of time was greater) prior to the study. All but three of the subjects in this group were
on dopaminergic agonists for at least 3 months prior to withdrawal. The other three subjects
were taking clonazepam (one subject) and gabapentin (two subjects). For RLS subjects who
remained on medications, the individual had to have been on the current dose of medication
at least 3 months and report satisfaction with treatment of their RLS of 85% or better. The
two RLS groups did not differ in their RLS severity based on the Johns Hopkins RLS
Severity Scale (26) (see Table 1). This scale queries respondents about RLS symptoms at the
time of onset/diagnosis; the fact that no group differences were observed suggests that the
treated and untreated patients experienced approximately equivalent levels of initial RLS
symptomatology. Control subjects were age-, and gender-matched to RLS cohort and were
not on any centrally acting medications.

Session Protocol
The setting for the study was a Clinical Research Center based within a university hospital.
Participants arrived between 12:00 and 12:30 pm. Standardized questionnaires included a
medical history form, the Beck Depression Inventory (BDI) (27), the Pittsburgh Sleep
Quality Index (PSQI) (28), and the SF-36 (29). After a 15-min period of rest, participants
underwent the psychophysical pain testing procedures described below.

Psychophysical Pain Testing
Mechanical pain thresholds were assessed first using a digital pressure algometer (Somedic;
Sollentuna, Sweden). Pressure pain thresholds (PPThs) were determined twice, bilaterally:
the trapezius muscle, the metacarpophalangeal joint of the thumb, and the quadriceps
muscle, near the insertion of the proximal patellar tendon. At each site, mechanical force
was applied using a 0.5-cm2 probe covered with polypropylene pressure-transducing
material; pressure was increased at a steady rate of 30 kPA/s until the subject indicated that
the pressure was “first perceived as painful”.

Next, contact heat stimuli were delivered using a Medoc Thermal Sensory Analyzer (TSA-
II, Ramat Yishai, Israel) with a 9 cm2 thermode. We first tested heat pain thresholds (HPTh)
on the ventral forearm using an ascending method of limits paradigm with a rate of rise of
0.5°C/Sec. Three trials of HPTh were performed, followed by several trials of
suprathreshold heat stimulation to assess temporal summation of heat pain. Temporal
summation of pain (i.e., the human analog to “wind-up”) is a frequently-used index of
central pain facilitation (30–32) which involves rapidly applying a series of identical
noxious stimuli and determining the increase in pain across trials. In brief, sequences of 10
rapid heat pulses were applied to the forearm, as in prior studies (33). Within each sequence,
the procedure was as follows: from a 38°C baseline temperature, 10 successive heat pulses
were delivered. The rate of rise and fall of the thermode temperature was 10°C/sec, and
target temperatures were delivered for approximately 0.5 sec each. The thermode remained
in a fixed position during administration of the 10 pulses and was then repositioned between
sequences, with inter-sequence intervals of 2 min. Two different target temperatures (49°C
and 51°C) were used. Subjects verbally rated the painfulness of each heat pulse on a 0–100
(0= “no pain”, 100= “most intense pain imaginable”) numeric rating scale, and then verbally
rated the painfulness of after-sensations 15 seconds after the stimuli had ceased (34).
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Finally, responses to noxious cold were evaluated using a repeated cold pressor task (CPT),
involving immersion of the right hand in a circulating cold water bath maintained at 4°C.
The CPT is the most commonly-used method of pain induction in the laboratory and has
demonstrated clinical relevance (19). In the present protocol, participants underwent a series
of five cold pressor tasks, with the first 4 consisting of serial immersions of the right hand
for 30 sec, with 2 min between immersions. The 5th and final CPT involved an immersion of
the right hand lasting until a participant reached pain tolerance (or a 3 min maximum).
Participants rated the intensity of the cold pain on a 0–100 scale (“no pain” to “most intense
pain imaginable”) at the midpoint of each CPT.

During the first 4 cold pressor tasks we also assessed diffuse noxious inhibitory controls
(DNIC), a non-invasive test of endogenous pain-inhibitory systems using a heterotopic
noxious conditioning stimulation paradigm (35;36). During each CPT, PPTh was assessed
on the contralateral trapezius. DNIC was quantified as percent change in PPTh during the
cold pressor tasks relative to baseline PPTh, with an increase in PPTh being expected.

Data Analysis
No laterality effects were found for any of the pressure pain thresholds examined. Moreover,
heat and pressure pain thresholds were highly correlated (rs ≥ .40). In order to minimize
Type I error rates, we derived a Pain Threshold Composite Score by computing and
averaging standardized (z) scores for all heat and pressure pain threshold values. This
composite value was used in primary and mediational analyses. We used the Bodily Pain
subscale of the SF-36 as our index of clinical pain.

The data analysis proceeded in two phases. First, we examined group differences in Pressure
and Heat Pain Threshold values, Cold Pain Ratings, and DNIC, as well as SF-36 Bodily
Pain, PSQI global sleep quality, and BDI scores, using univariate between-groups (Control,
RLS-Untreated, RLS-Treated) Analysis of Variance (ANOVA). Significant omnibus
ANOVAs were followed up with planned single-df LSD comparisons. Group differences in
the temporal summation of heat pain at 49°C and 51°C were examined using mixed-model
ANOVAs with Group as the between-groups factor and Pulse (1–10) as the repeated
measures factor. Pain ratings obtained for each pulse served as the dependent variables.

Second, we conducted mediation analyses to examine direct (i.e., main effects) and indirect
(i.e., mediation) effects of RLS on pain variables for which significant group effects were
observed in univariate analyses. More specifically, we were interested in determining
whether differences between RLS patients and controls were attributable to the sleep
disturbances experienced by RLS patients. We applied a bootstrapping technique designed
to assess simple mediation as has been recommended (37). Conceptually, bootstrapping is a
nonparametric approach that has been recommended as a means of reducing the power-
limiting effects of asymmetries and non-normality in relatively small samples (37–39).
Bootstrapping appears to lower type I error rates relative to other mediation analyses, such
as the regression analyses recommended by Baron and Kenny (40).

The bootstrapping approach is completed through taking a large number of samples of size n
(where n is the original sample size) from the data, sampling with replacement (and
therefore an observation that appears only once in the original data set can appear multiple
times in a bootstrapped dataset), and computing the “indirect effect” (i.e., the effect of RLS
on pain response via the pathway of sleep disturbance) in each sample. The resulting mean
indirect effect was calculated over the bootstrap samples, with an accompanying estimated
standard error. For estimation of 95% confidence intervals, we took 1,000 bootstrap
samples, as is customary.
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The Pain Threshold Composite score served as a dependent variable in mediation analyses.
We also computed an index of temporal summation for the 49°C and 51°C heat stimuli; this
was done by calculating a standardized residualized change index for each temperature by
regressing a subject’s initial pulse rating on their peak rating. These indices represented the
degree of summation (controlling for initial ratings) from the initial to the peak pain ratings
across the 10 pulses.

Results
A total of 49 participants were tested: 18 healthy controls, 15 RLS patients taking
dopaminergic agonists (11/15 were taking pramipexole, 3/15 were taking roprinirole, and 1
patient was taking pergolide), and 16 patients not taking medications for their RLS. Table 1
presents demographic, raw heat and pressure pain threshold values, cold pain ratings, DNIC
values, and questionnaire data by Group. Importantly, study groups were well-matched on
sex, race, and age [all ps > .20].

Heat and Pressure Pain Threshold and Cold Pain Responses
A significant Group effect emerged for the Pain Threshold Composite Score [F(2,46) = 4.3,
p < .05]. Comparisons revealed that RLS-untreated and RLS-treated participants had lower
pain thresholds (i.e., they were more pain-sensitive) than controls (ps < .05). Cold pain
ratings and the magnitude of DNIC responses did not differ significantly across groups (ps
> .1); although the RLS patients tended to have higher pain ratings and lower DNIC values
compared to the controls, these differences were quite modest.

Temporal Summation of Heat Pain
We used mixed-model ANOVAs to evaluate group differences in temporal summation of
heat pain. For the sequence of 49°C stimuli, there was a non-significant effect of Group
[F(1,48)= 2.2, p= .15] and a significant Group X Pulse interaction effect [F(9,432)=3.6, p= .
001], suggesting group differences in the pattern of changes in ratings across the sequence of
10 heat pulses. For the sequence of 51°C stimuli, there was a significant main effect of
Group [F(1,48)= 7.2, p= .01] and a Group X Pulse interaction [F(9,432)=3.0, p= .002],
suggesting group differences in overall ratings as well as in the summation of pain. See
Figures 1 and 2 for a graphical depiction of these data. At 49°C, follow-up simple
interaction comparisons indicated that controls differed significantly from RLS-treated
patients ( p < .001) but not RLS-untreated patients (p > .10). Although RLS-untreated
patients showed greater temporal summation of heat pain at 49°C than RLS-treated patients,
this effect did not reach conventional levels of statistical significance (p > .10). Comparisons
revealed that the temporal summation of heat pain at 51°C was significantly greater for
RLS-untreated and RLS-treated patients relative to controls (ps < .05). RLS-untreated and
RLS-treated groups did not differ from one another in temporal summation of heat pain at
51°C (p > .10).

Self-Reported Clinical Pain, Sleep Disturbance and Depressive Symptoms
Omnibus Group effects emerged for SF-36 Pain Subscale, PSQI Global Sleep Disturbance
and BDI scores [Fs(2,46) ≥ 3.7, all ps < .05]. Comparisons for the SF-36 Pain Subscale
revealed that RLS-untreated and RLS-treated participants reported more clinical pain than
controls (ps < .05). On this SF-36 subscale, higher scores reflect less pain, indicating that
both groups of RLS patients reported greater day-to-day pain complaints relative to controls.
No difference between RLS-untreated and RLS-treated participants was noted (p > .10).
Comparisons for the PSQI Global Sleep Disturbance scores revealed that RLS patients had
significantly greater sleep disturbance than controls (ps < .001). No difference between
RLS-untreated and RLS-treated participants was noted (p > .10). For BDI scores, RLS-
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untreated and RLS-treated participants reported more depressive symptoms than controls (ps
< .05). But RLS groups did not differ from one another(p > .10). Critically, even controlling
for BDI scores, PSQI global sleep disturbance scores were greater in RLS patients versus
controls [F(2,45) = 13.9, p < .001]. Moreover, group differences in SF-36 Bodily Pain
remained significant after adjusting for BDI scores [F(2,45) = 3.3, p < .05].

Mediation Analyses
We conducted three simple bootstrapped mediation analyses. First, we examined whether
the RLS effect on pain threshold was direct or indirect via self-reported global sleep
disturbance. We then examined whether RLS effects on temporal summation were direct or
indirect via self-reported global sleep disturbance. For temporal summation, we analyzed
49°C and 51°C in separate models. Results of the bootstrapped tests of the mediation of RLS
on pain responses through self-reported global sleep disturbance are provided in Table 2.
With pain threshold composite scores as the DV, the total effect of RLS was significant (p
< .05). Moreover, RLS was associated with sleep disturbance (p < .001), which in turn was
associated with pain threshold composite scores (p < .05). Of particular note, the direct
effect of RLS on pain threshold composite scores was not statistically significant (p = .66).
In contrast, there was no evidence for statistical mediation of the RLS-temporal summation
relationships by sleep disturbance for either the 49°C or 51°C heat pulses. In both cases, the
direct effect of RLS was statistically significant (ps < .05), and the direct effects of sleep
disturbance on temporal summation indices were non-significant (ps ≥ .16), precluding
evidence for formal statistical mediation (see Table 2). It is important to note that inclusion
of BDI scores as a covariate did not alter the pattern of results reported above for the pain
threshold composite scores or indices of temporal summation at 49°C and 51°C.

Discussion
Alterations in the central processing of pain-related information may be a significant feature
of RLS. Patients experience elevated rates of daily pain complaints (10–12), including
fibromyalgia (13) and headache (9). In the present study, pain reports on the SF-36 Bodily
Pain subscale were higher in both treated and untreated RLS patients compared to controls.
In addition, psychophysical testing revealed lower pain thresholds and elevated indices of
temporal summation among RLS patients. Temporal summation, an analog of central
sensitization, represents an important pathophysiological process that contributes to the
development and maintenance of pain states in a number of clinical contexts (41–44). While
the temporal summation of pain involves processes at the spinal level, recent functional
neuroimaging studies have highlighted the clear contribution of supraspinal processes as
well (45–47). Collectively, the modulation of temporal summation appears to involve the
activity of descending pain-inhibitory systems, which are known to play crucial roles in pain
processing (48). In prior studies, medications such as NMDA antagonists, GABA agonists,
and opioids have all been shown to produce analgesic benefits and reduce temporal
summation of pain (49–53); future studies may benefit from examination of potential
abnormalities in these neurotransmitter systems in RLS patients.

The fact that pain thresholds were reduced in RLS patients at multiple anatomic locations
suggests that deficits in central pain inhibition, which have a central etiologic role in
persistent pain conditions such as fibromyalgia (54), might be operative among RLS
patients. Other psychophysical investigations of pain responses in RLS patients support the
conclusion that RLS patients, both primary and secondary, exhibit hyperalgesia to a variety
of nociceptive stimuli (55). Interestingly, hypoesthesia to nonpainful thermal stimuli was
also observed in the subset of RLS patients with biopsy-confirmed small fiber neuropathy,
and, since neuropathic symptoms are prevalent in RLS (56), future studies should consider
using a similar methodology in order to subtype patients. Recent studies using
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electrophysiological methods such as sympathetic skin reflex recording and assessment of
cutaneous silent periods have suggested that the functional properties of peripheral
nociceptive afferents are normal in RLS patients, indicating that aberrant central nervous
system processing of pain may be responsible for the phenomenon of amplified pain
sensitivity (57;58). The present finding of generalized hyperalgesia at both lower and upper
extremity anatomic sites is also consistent with Stiasny-Kolster and colleagues’ study of
eleven untreated RLS subjects (16). That study also demonstrated that long-term
(approximately 1 year) treatment with levodopa or cabergoline in a subsample of six
subjects was associated with a reversal of hyperalgesia. However, our data suggest that
pharmacologically-treated RLS patients demonstrated no observable differences in pain
responses relative to the medication-free group. This apparent discrepancy in findings might
be explained by differences in type of dopaminergic agents used, variable duration of
medication use, or differences in sleep disturbance between the two samples.

The pathophysiology of RLS may include disruption of descending pain-inhibitory
dopaminergic and opioidergic pathways (59). Multiple treatment studies have indicated that
opioid analgesics are effective in managing RLS symptoms, and one recent neuroimaging
study revealed a dysfunction of opioid binding in the brains of RLS patients (10). A still
more recent post-mortem immunohistochemistry study identified diminished numbers of
beta-endorphin and met-enkephalin positive cells in sensory pathways in RLS patients (60),
suggesting that information regarding painful stimuli in RLS patients might be altered at the
thalamic level because of a relative deficit in endogenous opioid inhibition of ascending
input. Though this explanation is attractive, it remains to be determined why no group
differences in DNIC were observed in the present study since previous research has
demonstrated that DNIC involves at least partial mediation of its descending inhibitory
effects by endogenous opioids (61) and prior work has demonstrated that sleep disruption in
both healthy controls (35) and chronic pain patients (62) is associated with diminished pain-
inhibitory capacity. It may be that putative deficits in opioid-mediated pain-inhibitory
processes in RLS patients are specific to certain pathways or that deficient inhibition and
aberrant sensitization take place largely in the spinal cord in RLS, rather than at supraspinal
levels. However, the failure to find statistically significant DNIC effects might also be due
to inadequate statistical power in this study, and future studies in this area may help to
answer some of these open questions. Alternatively, our comparison of DNIC across groups
may have been confounded by group differences in blood pressure. Recent evidence
suggests that RLS patients demonstrate elevations in blood pressure, and a propensity to
hypertension (63;64); since prior studies have related increased cardiovascular reactivity to
enhanced DNIC (65), it is possible that any RLS-related decrements in DNIC were
“masked” in this study by larger blood pressure increases during the cold pressor tasks.
Future work in this area might benefit from alternative assessments of DNIC that do not
involve pressor responses.

Interestingly, treated and untreated RLS patients were virtually indistinguishable in their
pain responses as well as in their reports of sleep disruption and fatigue. This suggests the
possibility that pharmacologically ameliorating core RLS symptoms of lower extremity
restlessness may not improve associated symptomatology (e.g., insomnia, pain). Moreover,
the present findings suggest that some of the observed hyperalgesia in RLS is attributable to
ongoing sleep disturbance. This is an important and novel finding, as prior studies of pain
perception in RLS have not evaluated sleep disruption as a potential contributing factor to
any observed abnormalities. Recent reports have tied naturally-occurring disturbances of
sleep to augmented pain perception and pain report in the general population (22;66), among
fibromyalgia patients (21), and in the context of many other persistent pain conditions such
as osteoarthritis (67) and orofacial pain (62). We (along with other researchers in this area)
have also hypothesized that sleep disruption produces maladaptive effects on central pain-
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modulatory systems (35;68). The findings of the present study indicate that disturbances of
sleep are a contributing factor to the widespread reduction of pain thresholds that have been
observed in samples of RLS patients. The enhanced temporal summation of pain displayed
by both groups of RLS patients, however, was independent of sleep quality and may
represent a core pathophysiologic process of RLS.

Some important limitations of this study will need to be addressed in future research. First,
we assessed pain responses at a particular time of day, whereas a circadian disorder such as
RLS might be most productively studied by repeating the assessment procedures across a
24-hour period. In addition, in future work, we will test both “affected” (e.g., the lower leg)
and “unaffected” sites in RLS patients in order to evaluate whether disease-related
peripheral sensitization might play a role in amplifying local pain responses. Second, while
we included both a treated and untreated RLS group, we were not able to prospectively
examine changes in pain responses over the course of a pharmacologic treatment regimen.
Hence, this cross-sectional study does not have the capacity to determine the causal links
between RLS disease processes and aberrant central processing of pain. Third, the present
study relied on self-report of pain, sleep, and other constructs of interest. In future work, we
plan to incorporate objective measures of sleep parameters (e.g., using actigraphy or
polysomnography) and pain responses (e.g., functional neuroimaging of brain responses to
painful stimulation). In spite of these limitations, this study highlights the potential
importance of altered pain responses in patients with RLS. Converging evidence points to
pathophysiological processes in RLS (e.g., alterations in central opioid and dopaminergic
function and disruption of sleep) that appear to impact the processing of pain-related
information in the central nervous system. RLS patients may be at elevated long-term risk
for acute and persistent pain syndromes, and further studies in this area may help to improve
the prospects for pain management in RLS patients.
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Figure 1.
Ratings of 49°C heat pulses in each group (data presented as Mean ± SEM).
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Figure 2.
Ratings of 51°C heat pulses in each group (data presented as Mean ± SEM).
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Table 1

Laboratory pain and questionnaire response data by participant group.

Variable Controls RLS-Treated RLS-Untreated

Age 60.5 ± 8.8 63.3 ± 9.4 58.0 ± 9.5

% female 44% 53% 50%

% white 89% 93% 94%

HPTh (arm) (°C) 46.5 ± 3.9a 43.7 ± 4.4b 45.0 ± 2.9ab

PPTh-Leg (kPa) 898.6 ± 326.9a 687.3 ± 274.5b 670.0 ± 257.0b

PPTh-Thumb (kPa) 444.0 ± 150.9 374.7 ± 164.2 358.7 ± 113.8

PPTh-Trapezius (kPa) 608.4 ± 252.1a 442.0 ± 149.6b 468.9 ± 164.7b

Cold Pain Ratings (0–100) 65.4 ± 21.3 77.1 ± 17.1 70.7 ± 14.8

DNIC Index 134.4 ± 44.3 121.8 ± 20.2 123.3 ± 30.2

JHRLSSS 0.0 ± 0a 2.1 ± 0.6b 2.0 ± 0.8b

SF-36 BP 89.7 ± 12.0a 65.5 ± 21.1b 73.6 ± 19.8b

PSQI 6.0 ± 3.0a 12.7 ± 3.9b 12.9 ± 4.5b

BDI 2.6 ± 3.0a 9.7 ± 11.1b 6.5 ± 6.3ab

ab
Groups with like letters do not differ; groups with differing letters differ at p< .05.

Note: HPTh= Heat Pain Threshold; PPTh= Pressure Pain Threshold, in Kilopascales; DNIC= Diffuse Noxious Inhibitory Controls; JHRLSSS=
Johns Hopkins Restless Legs Syndrome Severity Scale; SF-36 BP= Short Form 36, Bodily Pain; PSQI= Pittsburgh Sleep Quality Index; BDI=
Beck Depression Inventory;
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Table 2

Simple bootstrapped (n=1000) mediation models of direct and indirect (via sleep disruption) effects of Group
on pain responses.

Effect Estimate
Bootstrap

SE t 95% Bias Corrected CI

DV: Pain Threshold Composite

RLS-to-PSQI (Sleep Disturbance) 3.5 .70 5.0*

PSQI-to-DV −.06 .03 −2.1*

RLS-to-DV (Total Effect) −.29 .14 −2.0*

RLS-to-DV (Direct Effect) .08 .17 −.45

RLS-to-DV (Indirect Effect) −.21 .10 a (LL = −.44; UL = −.04)

DV: Temporal Summation (49°C)

RLS-to-PSQI (Sleep Disturbance) 3.5 .70 5.0*

PSQI-to-DV .03 .03 1.0

RLS-to-DV (Total Effect) .57 .15 3.8*

RLS-to-DV (Direct Effect) .45 .19 2.4*

RLS-to-DV (Indirect Effect) .11 .10 a (LL = −.07; UL = .34)

DV: Temporal Summation (51°C)

RLS-to-PSQI (Sleep Disturbance) 3.5 .70 5.0*

PSQI-to-DV .05 .03 1.4

RLS-to-DV (Total Effect) .57 .15 3.8*

RLS-to-DV (Direct Effect) .41 .18 2.2*

RLS-to-DV (Indirect Effect) .16 .10 a (LL = −.01; UL = .38)

Note. Table shows unstandardized coefficients for the indirect effect of RLS (IV) on pain outcomes (DVs specified within Table) through self-
reported global sleep disturbance (PSQI; mediator). PSQI = Pittsburgh Sleep Quality Index; CI = Confidence Interval; LL = lower limit; UL =
upper limit.

a
A p-value for the indirect effect is not provided because this value is depends upon a normal distribution of the indirect effect. Given that indirect

effects are positively skewed, interpretation of this p-value is misleading and should thus not be used as a determinant of statistical mediation.

*
p < .05
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