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Abstract
Understanding individual differences in the variability of fibromyalgia pain can help elucidate
etiological mechanisms and treatment targets. Past research has shown that spatial extent of pain,
negative mood, and aftersensation (pain ratings taken after experimental induction of pain)
accounts for 40 to 50% of the variance in clinical pain. Poor sleep is hypothesized to have a
reciprocal relationship with pain, and over 75% of individuals with fibromyalgia report disturbed
sleep. We hypothesized that measures of sleep would increase the predictive ability of the clinical
pain model. Measures of usual pain, spatial extent of pain, negative mood, and pain aftersensation
were taken from 74 adults with fibromyalgia. Objective (actigraph) and subjective (diary)
measures of sleep duration and nightly wake time were also obtained from the participants over 14
days. Hierarchical regression indicated that greater spatial extent (R2 = .26), higher aftersensation
ratings (R2 = .06), and higher negative mood (R2 = .04) accounted for 36% of the variance in
clinical pain (average of 14 daily pain ratings). None of the sleep variables were significant
predictors of clinical pain. Results replicate previous research and suggest that spatial extent of
pain, pain aftersensation, and negative mood play important roles in clinical pain, but sleep
disturbance did not aid in its prediction.
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Fibromyalgia syndrome (FM) is defined by chronic, widespread musculoskeletal pain across
the 4 body quadrants, and the presence of at least 11 of 18 painful tender points.51 Clinical
pain intensity can be conceptualized as a rating of overall bodily pain, and has strong
associations with health care usage and quality of life. Due to the complex interplay between
physical, psychological, and social factors involved with this condition, clinical pain can be
variable across FM patients and is difficult to predict.

In an effort to identify predictors of clinical pain and thereby elucidate potential mechanisms
and treatment targets, we44,45 found that negative mood, painful aftersensation ratings taken
after experimental induction of second pain (using a temporal summation of second pain
protocol), and a measure of spatial extent of pain (the sum of local pain areas) were
significant predictors of clinical pain in FM patients, and together accounted for 40 to 50%
of its variance. The results suggest that psychophysical and psychological variables are
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relevant to FM clinical pain. Temporal summation of second pain, or windup, refers to an
increased perception of second pain evoked by repetitive noxious stimuli at constant
intensities, and has been found to be mediated by central nervous system processes.36 Thus,
windup and its aftersensations are thought to be proxy measures of a centrally mediated
hypersensitivity to pain stimuli (central sensitization), a mechanism hypothesized to underlie
FM.52 Relative to normal controls, FM patients show enhanced windup as well as prolonged
and enhanced aftersensation following repetitive stimulation with thermal heat.38,43,46

Along with widespread pain and allodynia, these psychophysical studies suggest that central
sensitization may play an important role in the FM pain experience.

Other subjective health complaints (fatigue, stiffness, abdominal pain, etc) represent core
syndromal symptoms of FM, and are often considered by clinicians when makinga
diagnosis. Chief among these complaints are those of poor sleep. In subjective assessments
of sleep quality, over 75% of individuals with FM report disturbed and nonrestorative
sleep.29,50 Objective findings from polysomnographic studies demonstrate that FM patients
have abnormal sleep architecture, including an increased sleep onset latency,21 an increased
number of nighttime arousals,7 reduced amounts of restorative stage 3/4 sleep,7 and greater
alpha wave intrusion.31 Poor sleep may have a reciprocal relationship with pain, as there is
evidence to suggest that it is both a consequence of32 and a causal or maintenance
mechanism1,6,30 for chronic pain conditions. Additionally, sleep duration has been shown to
predict clinical pain in healthy adults13 and adults with insomnia,12 and sleep disruption has
been predictive of next day clinical pain in individuals with a pain condition.1,40

The cognitive activation theoryofstress16 offers a theoretical framework to understand our
predictive model of FM clinical pain. The theory proposes that through chronic arousal,
stress, and lack of restorative sleep, there are changes to the functioning of the HPA-axis and
central nervous system that lead to an increased sensitivity to stimulation, particularly pain.
Thus, sleep disturbance (in addition to central sensitization, negative mood, and peripheral
nociceptive input) may be playing an important role in the maintenance of FM chronic pain.
The current study built upon our44,45 predictive model of clinical pain in FM (negative
mood, aftersensation ratings taken after a windup protocol, and sum of local pain areas) by
examining the role of sleep. We hypothesized that we would replicate our previous results,
and that the addition of sleep (measured subjectively and objectively) would significantly
increase the predictive ability of the model. Specifically, we hypothesized that increased
total wake time and decreased total sleep time would predict higher clinical pain.

Methods
Participants

Written informed consent was obtained from all participants before evaluation, and the
University of Florida Institutional Review Board reviewed and approved all procedures
described in this report. Adults with FM (N = 74) were recruited to participate in a cognitive
behavioral treatment trial for pain and insomnia. Details of the intervention are beyond the
scope of this report as it examined pretreatment, baseline data only. Subjects were recruited
by television and radio advertising around the Gainesville, Florida area. Participants meeting
inclusion criteria were those ≥18 years of age who were able to read and understand English
and currently suffering from FM. Subjects were excluded from the study if they were unable
to provide informed consent, did not endorse at least 11 sites as painful during tender point
testing, or did not report pain in all 4 body quadrants. To maximize the generalizeability of
findings, comorbid medical or psychiatric conditions were not exclusion factors for this
pretreatment analysis. Medication use was also allowed; however, participants were asked to
remain stable on all medications during the study period, and refrain from changing their
existing regimen or initiating a new medication.
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Procedures
The study observation period lasted 14 days. Participants provided ratings of clinical pain
intensity each day in the evening, and completed a sleep diary each day in the morning
describing their previous night's sleep. They also wore an actigraph continuously throughout
the 14 days, from which objective measures of sleep were derived. Office-based assessments
were performed at 3 time points over the 14 days. On day 1, participants provided a measure
of spatial extent of pain (shading areas on a body diagram). On day 7, participants
underwent quantitative sensory testing—experimental induction of second pain
(aftersensation). On day 14, participants completed self-report measures of negative mood,
and were asked to make their mood ratings based on the previous 14 days, corresponding to
the observation period.

Measures
Clinical Pain Intensity—Participants provided ratings of current clinical pain intensity
once a day in the evening for 14 days. Ratings were made using a visual analogue scale
anchored with “no pain sensation” on the left side, and “most intense pain imaginable” on
the right side. The visual analogue scale was instantiated on paper as a 10-centimeter
horizontal line with the 2 anchors, and participants indicated their pain level by marking a
spot on the line. To obtain a numerical score for this rating, a ruler was used to measure the
distance (in centimeters, to the tenth decimal) between the mark and the left end of the line.
This value was then multiplied by 10 to rescale it to a 0 to 100 range. The 14 daily values
were averaged to get 1 rating of clinical pain per person. The term clinical pain intensity is
used to distinguish it from experimental pain intensity, measured in this study as ratings of
painful aftersensation.

Tender Point Testing—On day 1 of the 14-day observation period, tender point
sensitivity was assessed at 9 bilaterally paired sites as specified by the American College of
Rheumatology criteria for FM.51 The evaluation was done by trained investigators using a
Wagner Force One FDIX Dolorimeter (Wagner Instruments, Greenwich, CT). The rubber
tip (7/ 16-inch diameter) of the Dolorimeter was placed at each tender point site and pressure
was applied with a force of 1 kg/second until the participant indicated pain, or until 4 kg of
force had been reached. The tender point was considered positive if pain was indicated at ≤4
kg of force. A total number of positive tender points was calculated for each person, and
only those who endorsed ≥11 positive tender points were included in the analysis.

Sum of Local Pain Areas—Participants indicated the location of their current pain by
shading the corresponding areas on a diagram depicting the front and back of a human body
(Fig 1)44 on day 1 of the observation period. The diagrams were divided into 48 areas,
indicated by letters and numbers in the figure. If any part of an individual body area was
shaded, it was scored as 1 (painful). An unshaded area was scored as 0 (not painful). A sum
of local pain areas was calculated for each subject.

Windup and Aftersensation—Subjects underwent quantitative sensory testing using a
computer-controlled Medoc Thermal Sensory Analyzer (Model TSA-II; Ramat Yishai,
Israel) on day 7 of the observation period. A windup protocol was used as trains of 8
suprathreshold heat stimuli were delivered via a contact thermode (30 × 30 mm) placed on
the thenar eminence of the palm. Each heat stimulus started at a baseline temperature of
39°C, peaked at 49°C, then returned to baseline with a rise and decline rate of 10°C/second.
The duration of each stimulus was approximately 1 second with a 3-second interval
separating the peak of each stimulus. Subjects were asked to attend to the delayed pain
sensation (ie, second pain) felt after every pulse, and cued to verbally rate the intensity of
that second pain after the 2nd, 4th, 6th, and 8th pulses using a numerical rating scale
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anchored with 0 (no pain sensation) and 100 (most intense pain sensation imaginable).
Using the same numerical rating scale, ratings of painful aftersensations were obtained at 15
and 30 seconds following the 8th and final heat stimulus. Aftersensation ratings at 30
seconds have been shown to be a strong predictor of FM clinical pain in past research,45 and
were used as a predictor of clinical pain intensity in the regression analyses. Each subject
completed 2 trials of the windup protocol using their nondominant palm, and the
aftersensation ratings from the 2 trials were averaged. Prior to the 2 trials, subjects
completed 1 training trial on their dominant palm to familiarize them to the rating system
and the range of heat.

Subjective Sleep—Participants completed a sleep diary24 each morning for 14 days,
providing information on bed/wake/out-of-bed times, sleep onset latency, number of
nighttime awakenings, wake after sleep onset, napping, and sleep quality. For purposes of
the present study, only the following 2 derived, subjectively measured sleep variables were
used: 1) total sleep time (TSTs) —computed by subtractingtotal wake time from
timeinbed;and2)total wake time (TWTs) —time spent awake from bed time until out-of-bed
time in the morning. TSTs and TWTs were averaged over the 14 days to obtain 1 mean for
each participant. Across the sample, there was a 92.6% compliance rate with the sleep
diaries (959 out of 1,036 possible observations). On average, participants completed 13.0 of
14 diaries. When calculating TST and TWT averages for each participant, missing diary data
was handled by using the actual number of completed diaries as the denominator. For
example, if a participant completed only 12 of 14 daily sleep diaries, TST for each of the 12
days was summed, then divided by 12 to obtain the average.

Objective Sleep—Participants wore an actigraph, the Actiwatch 2 (Phillips Respironics,
Bend, OR), on their nondominant wrist 24 hours a day for the 14 days coincident to
completing the sleep diaries. Actigraphy and polysomnography, the gold standard objective
measurement of sleep, are highly correlated for total sleep time (.91–.97) in healthy adults2

and (.70) in individuals with insomnia.25 Correlations for nighttime wake variables tend to
be more moderate (eg, .30 for sleep onset latency and .48 for wake after sleep onset in
individuals with insomnia).25 The Actiwatch 2 records data on gross motor activity using a
solid-state, piezo-electric accelerometer. The accelerometer continually measures the
intensity and frequency of wrist movement at a sampling rate of 32 cycles per second. The
sum of all wrist movements in a 30-second interval is recorded as an activity count. The
activity counts are downloaded onto a PC and analyzed using Actiware Sleep Analysis
Software v.5.3.2 which classifies each 30-second epoch as a sleep or wake state using
validated al-gorithms.34 The high sensitivity setting in the Actiware software was used
because it provides good correlation with PSG for total sleep time (.70) in individuals with
insomnia25 (see McCrae et al27 for additional details regarding this algorithm). The bedtime
and morning arise times reported on the sleep diaries were inserted into the corresponding
actigraph day, and represented the time-in-bed period. Actiware determined the start of sleep
by searching this time-in-bed period for the first 10-minute interval during which no more
than 1 epoch was scored as awake. Similarly, sleep end was signified by the last 10-minute
interval containing no more than 1 wake-state epoch. Nightly TWT, as measured by
actigraphy, is the sum of all the wake epochs within the time-in-bed period. TST is the sum
of all sleep epochs within the time-in-bed period. TST and TWT from the 14 days of
actigraph were averaged to obtain 1 mean for each participant, and will be referred to as
objective TST (TSTo) and objective TWT (TWTo).

Negative Mood—Negative mood was assessed with the Beck Depression Inventory II
(BDI-II)5 and the State Trait Anxiety Inventory, State Version-Form Y1 (STAI-Y1).42 On
day 14 of the observation period, participants were asked to think about their mood over the
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previous 14 days (corresponding to the time period assessed by the sleep and pain diaries)
when responding to the questions on the BDI-II and STAI-Y1. The BDI-II is a 21-item self-
report inventory that measures the severity of current depressive symptomotology,including
cognitive, affective, and vegetative symptoms. Each item consists of a group of 4 descriptive
statements centering around 1 symptom, and participants choose the statement that most
accurately characterizes them. Each item is scored on a 0 to 3 scale, and total scores range
from 0 to 63. The STAI-Y1 is a 20-item self-report questionnaire that measures current
levels of anxiety. Each item consists of a self-descriptive statement (I feel ___, nervous,
calm, etc), and participants rate their agreement with the statement on a 4-point Likert Scale
(1 = “not at all” to 4 = “extremely”). A total score is obtained, ranging from 20 to 80. The
BDI-II and STAI have been used extensively in a variety of populations, including those
with chronic pain and other medical conditions. The instruments are well validated, show
good reliability (alpha coefficients >.8), and can accurately distinguish between clinical and
nonclinical populations.

Statistical Analysis—The Statistical Package for the Social Sciences (SPSS, v.17.0) was
used for all statistical analyses. Descriptive statistics were calculated for demographic and
clinical variables across the sample. Pearson r correlation statistic was used to determine the
zero-order correlations between variables in the regression analysis. Because of the potential
multicollinearity between the BDI and STAI total scores (BDI and STAI total scores were
strongly correlated at the zero-order, r = .80, P < .001), Principle Axis Factoring with
oblique rotation was used to determine if the 2 mood measures loaded onto a single latent
negative mood factor. The analysis yielded 1 latent factor with an eigenvalueof1.80 and
accounting for 89.94% of the variance among the measures. The corresponding factor
regression scores were used to create a negative mood factor, which was used in the
subsequent hierarchical regression analyses. The use of a negative mood factor supports
previous research in our laboratory.20,33 Hierarchical linear regression was used to
determine the variance in clinical pain accounted for by aftersensation ratings, sum of local
pain areas, negative mood factor, TWTs, TWTo, TSTs, and TSTo. Each independent variable
was entered as a separate block in the hierarchical regression, and the associated R2 change
value established their unique contribution to the dependent variable, clinical pain intensity.
Four hierarchical regression analyses were run. In all analyses, the variables found to be
predictive of clinical pain in past research (aftersensation ratings, sum of local pain areas,
negative mood factor) were entered into the first 3 blocks. Then each of the 4 analyses
entered a different sleep variable (TSTs, TWTs, TSTo, or TWTo) into the final block to
determine whether measures of sleep increased the predictive ability of the model.

Results
Demographic Characteristics

Seventy-four adults with FM provided data for the analysis. Demographic characteristics of
the sample are presented in Table 1. The average age of the sample was 52.6 years.
Consistent with population estimates of FM, the majority (94.6%) of participants were
female. The racial composition was as follows: 82.4% Caucasian, 14.9% African American,
1.4% Asian, and 1.4% other. The marital status of the sample consisted of the following:
45.9% married, 18.9% single, 24.3% divorced, 2.7% separated, and 8.1% widowed.

Clinical Characteristics
Pain, mood, and sleep characteristics of the sample are presented in Table 2. The mean
rating of clinical pain intensity across the sample was 53.0 (range: 8.7–95.4, SD = 20.3).
Subjects endorsed an average of 16.1 painful tender points (SD = 2.2), and shaded 21.9 (SD
= 11.5) areas of pain on the body diagram. Following experimental induction of second pain,
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30-second aftersensation ratings ranged from 0 to 77.5, with a mean of 27.4, SD = 22.9.
Participants reported moderate levels of depressive and anxiety symptoms (mean BDI-II
total score: 15.8, SD = 11.5; mean STAI-Y1 total score: 43.1, SD = 14.6). Self-report data
from the sleep diaries indicated that the TSTs across the sample was 390.1 minutes (range:
213.5– 569.3.9, SD = 66.8) and the TWTs was 120.9 minutes (range: 28.2–361.3, SD =
67.8). Actigraphy data indicated that the TSTo across the sample was 396.5 minutes (range:
221.6–548.4, SD = 76.0), and the TWTo was 101.0 minutes (range: 5.8–305.2, SD = 52.0).

Hierarchical Regression Analyses
Table 3 presents the zero-order correlations between predictor variables and the dependent
variable, clinical pain intensity. Notably, clinical pain demonstrated significant correlations
with aftersensation (r = .24, P = .04), sum of local pain areas (r = .55, P < .001), negative
mood (r = .35, P = .002), and TWTo (r = .23, P = .05). In addition to clinical pain, negative
mood was significantly correlated with sum of local pain areas (r = .29, P = .01), TWTo (r
= .23, P = .006), and TWTs (r = .25, P = .03). Table 4 presents the results of the hierarchical
regression analyses. Higher aftersensation ratings (ΔR2 = .06,P= .04), more bodily pain
areas (ΔR2 = .26, P < .001), and higher negative mood (ΔR2 = .04, P = .04) were each
significant predictors of higher clinical pain and together accounted for 36.0% of its
variance. None of the 4 measures of sleep were significant predictors clinical pain at the P=.
05 level (TSTo ΔR2 = .03, P = .06; TWTo ΔR2 = .00, P = .62; TSTs ΔR2 = .01, P=.38;
TWTs ΔR2 = .00,P=.56); however, TSTo reached the level of statistical trend (ΔR2 = .03, P
= .06).

Discussion
The purpose of this study was to determine the predictors of clinical pain intensity in adults
with FM, and it represented a replication and extension of our work.44,45 Results confirm
that a predictive model of aftersensation, the sum of local pain areas, and negative mood
accounts for a significant portion of variance (36.0%) in clinical pain. None of the 4
measures of sleep accounted for significant additional variance, though TSTo reached the
level of statistical trend in accounting for 3%of the variance in clinical pain.

The examination of sleep represented an extension of our predictive model of clinical pain
in FM. To date, this was the first study to examine TST and TWT as a predictor of clinical
pain at the between-person level in an FM population. All 4 sleep measures failed to
significantly predict clinical pain in our study. Though the study designs and populations
differ, longitudinal within-person findings on the effect of sleep duration on pain are
generally contrary to our results. Edwards et al13,14 demonstrated that longer TST predicted
better pain inhibitory control the next morning in temporomandibular joint disorder patients,
and shorter TST predicted higher next day pain in a general population. Wilson et al49 found
that more pain during the day predicted shorter TST at night in a chronic musculoskeletal
pain population. Regarding insomnia, disturbed sleep has been found to predict higher pain
in an FM population49 and in hospitalized burn patients.39 Additionally, laboratory studies
in healthy subjects have found that sleep deprivation results in decreased mechanical and
heat pain thresholds the following day.22,35

Several potential explanations exist to account for the lack of significance in the measures of
sleep. It is possible that a sleep-pain relationship was washed out at the between-person level
using 14-day averages. Rather, it may be that an individual night of poor sleep is followed
by a day of higher pain or vice versa. Indeed, evidence for this daily variation between sleep
and pain exists,13,14,39,49 and 2 studies have found significant relationships at the within-
person level but not at the group level.1,12 It also may be that the effects of poor sleep (eg,
daytime fatigue, inactivity, or perceived sleep quality), rather than measures of sleep or
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insomnia duration, are more important in determining clinical pain. There is evidence that
fatigue and pain are related in FM samples,32 and the perception of sleep quality has been
shown to be a predictor of clinical pain in FM as well.40 It is also possible that a sleep-pain
relationship is dependent on disruption of specific sleep stages. Muldofsky et al30 and
others35 have demonstrated that selective disruption of Stage 3, slow wave sleep in healthy
subjects, resulted in symptoms similar to FM pain (eg, areas of muscle tenderness).
Additionally, FM patients have been shown to exhibit abnormal patterns of alpha activity
during slow wave sleep compared with normal controls.41 Finally, the magnitude of a sleep-
pain relationship may be related to the timing of clinical pain measurement. In this study,
clinical pain was measured in the evening; it may be that morning or afternoon pain is more
strongly related to sleep duration or nightly wake time.

Statistically, 3 of the 4 sleep measures (TSTs, TWTs, TSTo) demonstrated nonsignificant
zero order correlations with the dependent variable, clinical pain intensity. Therefore, it is
unlikely that their inability to predict clinical pain can be explained by multicollinearity with
other predictors. Though weak in strength, TWTo demonstrated significant zero-order
correlations with clinical pain (r = .23, P = .05) and with negative mood (r = .32, P = .006),
but in the regression model, TWTo failed to predict clinical pain. Thus, it is possible that the
covariation with negative mood may play a role in the relationship between insomnia and
pain, consistent with our previous research.33 To address the possibility that pain, sleep, or
mood medication use may have affected sleep duration or nightly wake time, we conducted
exploratory analyses controlling for usage of these medications. Results did not change;
none of the 4 measures of sleep duration were significant predictors of clinical pain.

Central sensitization has been hypothesized to be the primary pathophysiological
mechanism for the maintenance of FM pain as well as other musculoskeletal pain
conditions.52 In central sensitization, neurons in the dorsal horn of the spinal cord become
hyperexcitable and subsequently hyperresponsive due to prolonged noxious stimuli. One of
the ways these neuroplastic changes are manifested is in prolonged poststimulus pain due to
a disruption in endogenous pain inhibitory systems.10,28 Painful aftersensation ratings taken
during experimental heat pain induction are a measure of this inhibitory dysfunction, and
therefore a psychophysical correlate to central sensitization. In this study, higher
aftersensation ratings predicted more clinical pain and accounted for 6% of its variance. This
result is a confirmation of previous research,45 and taken together with findings of abnormal
windup in FM,43 it suggests that central sensitization is an important mechanism in FM
clinical pain.

Widespread pain (ie, a lack of spatial localization) is one of the diagnostic hallmarks for FM,
and is also an indication of central sensitization. The sum of local pain areas was used as the
measure of spatial extent in the analysis and proved to be a powerful predictor of daily
clinical pain by accounting for 26% of its variance. This confirms past research suggesting
that spatial extent plays an important role in determining clinical pain intensity in FM,44 and
complements findings of spatial summation in pain threshold and tolerance during
experimental pain in-duction.8,11,37 Additionally, the result supports the clinical utility of
shading areas on a body diagram as an indicator of the magnitude of daily pain in FM
patients, and to potentially guide localized treatment targets.

Higher negative mood predicted more clinical pain and accounted for 4% of its variance.
The result confirms Staud's44,45 findings of the importance of negative mood in FM clinical
pain, and adds evidence to a large literature linking depression and anxiety with chronic
pain.4,19 Clinically, the presence of depression portends worse pain outcomes and greater
functional limitations in those with chronic pain.15,48 Given their frequent co-occurrence, it
follows that pain and negative mood may share similar biological and behavioral
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mechanisms. Regions of the brain involved with emotion regulation (amygdala,
hypothalamus, medial prefrontal cortex) are intricately connected to those involved with
pain modulation (periaqueductal gray). Thus, negative expectations and emotions may
amplify pain signals, increasing the intensity and duration of pain experienced.
Behaviorally, depression is associated with a lack of motivation and physical inactivity.
Physical inactivity can contribute to the muscle stiffness experienced by patients with FM,
and conversely, exercise has been shown to have a beneficial effect on symptoms of
FM.17,26

In clinical application, the results of the present study suggest that FM patients may benefit
from a 3-pronged approach to pain management. The significance of the sum of local pain
areas to clinical pain indicates that peripheral nociceptive sources are playing an important
role in the generalized pain hypersensitivity of FM. To decrease the spatial extent of pain,
patients may benefit from anesthetic injection to or manual manipulation of myofascial
trigger points. To address the implication of central sensitization in the aftersensation
finding, treatments should be aimed at normalizing the hyperexcitability of neurons in the
central nervous system. Pregabalin and duloxetine are centrally acting medications that have
demonstrated some success in treating FM pain.3,9 Finally, psychobehavioral therapies
should be considered to treat those with mood dysfunction and maladaptive pain coping.
There is evidence to suggest that exercise18,23 and cognitive behavioral therapy23,47 are
successful in treating depression as well as improving pain-related variables in FM patients.
While these predictors of clinical pain offer logical treatment targets, it is important to note
that directionality of influence cannot be assumed from these results. It is possible that
reducing clinical pain intensity may reduce spatial extent, negative mood, and central
sensitization, rather than the converse.

In conclusion, the current study confirmed that a model of aftersensation, sum of local pain
areas, and negative mood is a strong predictor of clinical pain intensity in FM. The data did
not support the hypothesis that measures of sleep would increase the predictive ability of the
model. With an eye toward treatment targets and mechanisms of action, future research
should examine other clinical correlates of FM to strengthen the predictive ability of the
model. These might include known correlates like physical activity level, cognitive
dysfunction, and symptoms of irritable bowel syndrome, or other sleep-related variables like
fatigue, perception of sleep quality, or stage-specific abnormalities during sleep. Future
research should also longitudinally examine the intra-individual, daily variation between
sleep and pain. This can help to clarify whether a sleep-pain relationship in FM exists on a
daily level, and if so, which of the 2 variables are driving the relationship. Despite its
inability to predict pain in this sample, sleep dysfunction remains an important outcome
measure in FM due to its high prevalence and detrimental effect on daily functioning and
quality of life.
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Perspective

This study suggests that measures of sleep duration and nightly wake time do not predict
fibromyalgia pain at the group level. Fibromyalgia patients may benefit from a 3-pronged
approach to pain management: reducing pain's spatial extent, normalization of central
nervous system hypersensitivity, and psychobehavioral therapies for negative mood.
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Figure 1.
Body diagram used by participants to shade areas of current pain. Each shaded area was
coded as 1. Each nonshaded area was coded as 0. A sum of shaded areas was calculated for
each participant.
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Table 1

Demographic Characteristics of the Sample (N = 74)

N % Years

Mean age in years 52.6 (SD = 9.8)

Female gender 70 94.6

Race

 Caucasian 61 82.4

 African American 11 14.9

 Asian 1 1.4

 Other 1 1.4

Marital status

 Married 34 45.9

 Divorced 18 24.3

 Separated 2 2.7

 Widowed 6 8.1

 Single 14 18.9

Mean years of education 14.3 (SD = 2.4)

Employment

 Employed 39 52.7

 Unemployed 35 47.3
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Table 2

Clinical Characteristics of the Sample

Mean SD Min–Max

Clinical pain intensity 53.0 20.3 8.7–95.4

Tenderpoint count 16.1 2.2 11–18

Aftersensation 27.4 22.9 0–77.5

Sum of local pain areas 21.9 11.2 4.0–48.0

BDI-II total score 15.8 11.5 0–46

STAI total score 43.1 14.6 20–78

TSTo 396.5 76.0 221.6–548.4

TWTo 101.0 52.0 5.8–305.2

TSTs 390.1 66.8 213.5–569.3

TWTs 120.9 67.8 28.2–361.3
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Table 4

Results of the Hierarchical Regression Analyses Predicting Clinical Pain

Block Variable ΔR2 F Change P Value

1 Aftersensation .06 4.23 .04

2 Sum of local pain areas .26 26.40 <.001

3 Negative mood factor .04 4.57 .04

4a TSTo .03 3.58 .06

4b TWTo .00 .26 .62

4c TSTs .01 .80 .38

4d TWTs .00 .34 .56

*Full Model Beta (Standardized) T Value P Value

1 Aftersensation .20 2.02 .05

2 Sum of local pain areas .48 4.81 <.001

3 Negative mood factor .20 2.03 .05

4a TSTo −.18 −1.89 .06

4b TWTo .05 .51 .62

4c TSTs −.09 −.89 .38

4d TWTs −.06 −.58 .56

Full model for blocks 1–4a = aftersensation, sum of local pain areas, negative mood, and TSTo.

Full model for blocks 1–4b = aftersensation, sum of local pain areas, negative mood, and TWTo.

Full model for blocks 1–4c = aftersensation, sum of local pain areas, negative mood, and TSTs.

Full model for blocks 1–4d = aftersensation, sum of local pain areas, negative mood, and TWTs.

*
The full model entered the independent variables simultaneously.
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