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Abstract
Although sleep deprivation is known to heighten pain sensitivity, the mechanisms by which sleep
modifies nociception are largely unknown. Few studies of sleep-pain interactions have utilized
quantitative sensory testing models that implicate specific underlying physiologic mechanisms.
One possibility, which is beginning to receive attention, is that differences in sleep may alter the
analgesic effects of distraction. We utilized the heat-capsaicin nociceptive model to examine
whether self-reported habitual sleep duration is associated with distraction analgesia, the degree of
secondary hyperalgesia and skin flare, markers implicating both central and peripheral processes
that heighten pain. Twenty-eight healthy participants completed three experimental sessions in a
randomized within subjects design. In the pain only condition, pain was induced for approximately
70-minutes via application of heat and capsaicin to the dorsum of the non-dominant hand. Verbal
pain ratings were obtained at regular intervals. In the distraction condition, identical procedures
were followed, but during heat-capsaicin pain, subjects played a series of video games. The third
session involved assessing performance on the video games (no capsaicin). Participants indicated
their normal self-reported habitual sleep duration over the past month. Individuals who slept less
than 6.5 hours/night in the month prior to the study experienced significantly less behavioral
analgesia, increased skin flare and augmented secondary hyperalgesia. These findings suggest that
reduced sleep time is associated with diminished analgesic benefits from distraction and/or
individuals obtaining less sleep have a reduced ability to disengage from pain-related sensations.
The secondary hyperalgesia finding may implicate central involvement, whereas enhanced skin
flare response suggests that sleep duration may also impact peripheral inflammatory mechanisms.

Address correspondence to: Claudia M. Campbell, Ph.D. Postdoctoral Fellow, Johns Hopkins University School of Medicine,
Department of Psychiatry & Behavioral Sciences, 5510 Nathan Shock Drive, G Building, Suite 100, Baltimore, MD 21224,
ccampb41@jhmi.edu, Phone: (410) 550-7989, Fax: (410) 550-0117.
Disclosures: The authors have no conflicts of interest.
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Eur J Pain. Author manuscript; available in PMC 2012 July 1.

Published in final edited form as:
Eur J Pain. 2011 July ; 15(6): 561–567. doi:10.1016/j.ejpain.2010.11.014.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Keywords
Sleep; Pain; Capsaicin; Distraction; Flare; Secondary Hyperalgesia

Introduction
Poor sleep, including reduced total sleep time, is a well-established consequence of chronic
pain. However, prospective studies indicate that sleep disturbance is associated with risk for
developing pain complaints (Gupta et al. 2007; Kaila-Kangas et al. 2006; Mikkelsson et al.
1999; Siivola et al. 2004), and following painful injury, has been associated with
development of persistent post-injury pain (Castillo et al. 2006; Smith et al. 2008). Self-
reported sleep duration the preceding night predicts next-day pain frequency (Edwards et al.
2008), and experimental manipulations suggest sleep fragmentation increases pain
sensitivity and may alter descending noxious control systems implicated in the
pathophysiology of chronic pain (Lentz et al. 1999; Smith et al. 2007). One process by
which sleep might alter pain perception is via effects on higher order cognitive processes
know to modulate pain, such as distraction.

Distraction reduces pain in laboratory settings, during medical procedures, and in the
context of ongoing chronic pain (McCaul and Haugtvedt 1995; Piira et al. 2002; Simmons et
al. 2004). Although sleep deprivation studies document that reduced sleep impairs
neuropsychological performance (Durmer and Dinges 2005), only one study has evaluated
whether sleep restriction alters distraction analgesia, an important theoretical question, as
these phenomena may share underlying psychophysical mechanisms. This innovative, laser-
evoked potential study found that sleep restriction diminished the analgesic effect of
distraction, suggesting alterations in sleep may impair higher order attentional modulation of
pain (Tiede et al. 2009). It is unclear from this work whether these findings generalize to
longer lasting pain states that are more typical of chronic pain or to individual variation in
sleep time. Sleep restriction has been shown to increase pro-inflammatory cytokines and
spontaneous pain complaints (Haack et al. 2007; Irwin et al. 2006; Irwin et al. 2008; Opp
2005). Inflammation is an underlying factor in a number of chronic pain conditions and is
linked to sleep disturbance. Thus, understanding the interaction between pain, sleep and
inflammation is of strong clinical importance.

The heat-capsaicin experimental nociceptive model may provide insight into peripheral and
central processes involved in the initiation and maintenance of some chronic pain
conditions. When capsaicin is coupled with heat, it activates TRPV1 receptors to evoke a
burning sensation, a localized skin flare response and an area of secondary hyperalgesia. The
flare response is an index of neurogenic inflammation (Holzer 1988; Holzer 1991; Veronesi
et al. 1999). Secondary hyperalgesia takes place in unaffected skin surrounding the heat-
capsaicin stimulus and is an indirect measure of central sensitization (Treede et al. 1992).
The heat-capsaicin nociceptive model has yet to be applied to understand the mechanisms by
which sleep impacts the pain experience and the extent to which it alters distraction
analgesia. Differences in sleep duration and how they affect flare and secondary
hyperalgesia (both consequences of the capsaicin procedure) may also be of importance,
considering recent reports suggesting association between sleep and inflammatory pain
states (Simpson and Dinges 2007). In the current project, we report new findings from a
secondary analysis of a distraction-analgesia study (Campbell et al. 2010). Here we examine
the relationships of self-reported habitual sleep duration with distraction analgesia, skin
flare, secondary hyperalgesia, and daily pain complaints.
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Methods
A total of 32 healthy individuals, recruited through posted flyers, completed this study. One
individual was dropped for failing to complete the sleep questionnaire and an additional
three participant’s data were dropped as significant outliers (greater than 2 standard
deviations from the mean). Thus 28 individuals (48% female) were included in the current
analyses. All study-related procedures were approved by the Johns Hopkins Hospital
Institutional Review Board. Eligibility criteria included having no pain condition or medical
disorders, active alcohol or drug abuse problem, or use of narcotics, antidepressants,
anticonvulsants, and muscle relaxants. Verbal and written informed consent was obtained
upon arrival, after which participants completed a health history questionnaire, which
included an item querying average sleep duration in the past month. Participants then
underwent one of three psychophysical noxious testing sessions, of the same length, in a
randomized order. After each capsaicin session, the area of flare and secondary hyperalgesia
were measured as described below. Sessions were scheduled at least one week apart.
Participants were provided with monetary compensation for their participation.

Pain Alone Session
A thick piece of non-porous dressing was applied to the skin at one of two randomized
dorsal hand locations. Prior to application, a 6.25 cm2 hole was cut into the center of it (used
to standardize the area of capsaicin cream application). Approximately 0.35 g of 10%
capsaicin cream was applied inside this hole and evenly spread on the skin. The area was
then covered by Tegaderm transparent dressing (3M Health Care, St. Paul, MN, USA).
Topical capsaicin-induced pain varies strongly as a function of skin temperature and is most
reliably measured with the application of heat (Dirks et al. 2003), thus a peltier-device
heating element (Medoc US, Minneapolis, MN, USA) was strapped on the area with Velcro
wrist straps. This device was held at a constant temperature of 38°C during the session. Pain
is rated as moderately intense using this method and peaks at 15–20 min post-application,
plateauing for approximately 1 hour afterwards (Anderson et al. 2002; Bencherif et al.
2002). Participants provided pain intensity ratings every five minutes on a 0–100 scale for
70 minutes. Following completion of the session, the capsaicin cream was removed from the
skin and the area of flare and secondary hyperalgesia were measured as described below.

Pain + Distraction Session
Identical capsaicin and thermal device application procedures were followed during this
session. Subjects began the distraction task - a series of video games that required a high
level of attention twenty minutes following capsaicin and thermo deapplication. The
distraction task consisted of 3 video games, each played for 15 minutes in a randomized
order, with performance (i.e., scores) monitored and monetary incentives provided. The
video games are arcade-style and award points for advancing through more difficult levels.
These video games are conceptually similar to a visual stroop task, which requires sustained
attention and working memory as subjects respond to a series of presented stimuli (Roelofs
et al. 2003). In light of findings suggesting that more engaging distraction tasks produce
greater distraction analgesia (Hoffman et al. 2003), and given that previous studies of
distraction’s effect on pain have used only fairly brief applications of noxious stimuli and
distraction (e.g., most noxious stimuli and the concurrent distraction task last for 1–4
minutes), we enhanced sustained engagement in the video game task by offering monetary
incentives for successful performance (i.e., increasing cash payment for higher scores).
Participants again provided pain intensity ratings, on a 0 to 100 scale, once every 5 minutes.
Participants were instructed to rate their perceived pain every five minutes while continuing
to play the video games, in order to maximize attention toward the distractor task. Following
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completion of the session, the capsaicin cream was removed from the skin and measures of
flare and secondary hyperalgesia were obtained.

Distraction Alone Session
In the final session, the distraction task was conducted and no capsaicin was applied to the
skin. Because participants did not undergo a pain-induction procedure during this session,
no pain ratings were obtained. This session was included to assess any differences in video
game performance between painful and non-painful trials.

Questionnaires
Sleep Duration in the past month: Due to recent evidence suggesting a link between sleep
duration and pain perception (Edwards et al. 2008; Kelly et al. 2010), participants completed
the sleep duration item from the Pittsburgh Sleep Quality Index (PSQI (Buysse et al. 1989)).
Specifically, they responded to the following question, “During the past month, how many
hours of actual sleep did you get at night? (This may be different than the number of hours
you spent in bed.) Strong correlations have been noted between subjective sleep questions
and more objective actigraphy measures in assessing night time sleep duration (Lockley et
al. 1999).

Mood Questions: Given the relationship between mood and pain (Connelly et al. 2007;
Tang et al. 2008) and potentially sleep (Argoff 2007; O’Brien et al. 2010; Palermo and
Kiska 2005), participants were asked to describe their current mood prior to the testing
sessions on a 10-point scale (anchored by “Extremely Good” to “Extremely Bad”).

Daily Pain Questions: Although all participants were healthy and pain free, subjects were
asked to list the number of times they had painful occurrences over the past month, as well
as the intensity of their pain during the episodes (including headache, muscle pain, dental
pain, etc.) on a 0–100 severity scale.

Post Distraction Questions: At the end of each of the two distraction sessions, participants
were asked to rate their level of attention focused on the video games on a 0–100 scale (0 =
not at all distracted, 100 = completely distracted). During the Pain + Distraction session,
participants also rated the degree to which playing the video games reduced the amount of
pain they felt, as well as how much the pain interfered with performance on the video
games.

Area of flare and secondary hyperalgesia measurements
Flare: Following removal of the capsaicin, the area of redness, or “flare,” initiated by the
capsaicin procedure was traced from the back of the hand on to a sheet of acetate paper and
measured using a digital planimeter (Planix 10S). Flare is the neurogenic inflammatory
response (axon reflex vasodilation) associated with capsaicin and is commonly identified as
the area of primary hyperalgesia (Carter 1991; Dray 1992).

Secondary Hyperalgesia: Assessment of secondary hyperalgesia was performed at and
around the site of the thermode/capsaicin application. The area of secondary hyperalgesia
was quantified with a normally non-painful mechanical probe (32mN force; mechanical
hyperalgesia) by stimulating the skin distant from the treated area and slowly moving inward
until the participant indicated the stimulus had become noxious or until the subject reported
a definite change in sensation (i.e., burning, tenderness, more intense pricking). This
marking was done along 8 radial arms (rostral-caudal, lateral-medial, etc.) in steps of 5 mm
at intervals of approximately 1 second, and the borders were marked with a felt pen. The
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distances were traced to a sheet of acetate paper for later measurement and calculation of
surface area similar to Flare described above (Frymoyer et al. 2007; Mathiesen et al. 2006).

Data Reduction and Analysis
Participants were coded based on self-reported habitual sleep duration in to ≤ 6.5 hours/
night sleep duration and > 6.5 hours/night sleep duration groups. This cut point was selected
based on studies demonstrating that individuals reporting less than 6.5 hours of total sleep at
night are at increased risk for negative health-related outcomes, including all-cause mortality
(Bonnet and Arand 1995; Kripke et al. 2002). Due to the relatively small sample size, we
were unable to further divide the sample into “normal” and “long sleepers” (e.g. only one
person, 3.2% of the sample, reportedly obtained > 8.5 hours). Following the 20-minute
ramp-up period, pain ratings were averaged, by 15 minute increments, into early (minutes 21
to 35), middle (36 to 51) and late (52 to 67) ratings by session (see Figure 1). Repeated
measures analysis of variance (ANOVA) was conducted on pain ratings during the Pain
Alone and Pain + Distraction sessions in order to examine the effects of sleep group on
behavioral analgesia. All analyses controlled for catastrophizing, a persistently negative
mental set related to pain, as we have recently shown that the time course of distraction may
vary by pain catastrophizing (Campbell et al. 2010). Sleep group served as a between-
subjects independent variable, while Session and Time were within-subjects factors.
ANOVAs were also conducted to evaluate any differences in self-reported mood, and degree
of attention to the video games reported by each group during the Pain + Distraction session
and the Distraction Alone session. Analyses also examined participants’ self-reported
distraction induced analgesia, perceived interference by pain on game performance, and
actual game performance. Benign daily pain responses, including pain severity, and
frequency of pain were examined between the ≤ 6.5 hour sleep duration and the > 6.5 hour
sleep duration groups. Finally, the area of flare and secondary hyperalgesia were compared
across sleep groups.

Results
Demographic data for the two sleep groups are presented in Table 1; there were no
significant differences in sex, age or ethnicity between the two groups. No overall difference
between the two sleep groups emerged for ratings of pain intensity in the capsaicin alone
(M=43.33, SD = 24.95 vs. M=48.25, SD 27.93 for the self-reported habitual ≤ 6.5 hr sleep
duration and > 6.5 hr sleep duration groups respectively) or capsaicin with distraction
sessions (M=43.44, SD=24.95; M=33.96, SD = 25.78 respectively; p’s > .05). A significant
main effect of condition was observed (F(1,25) = 6.1, p = .02), suggesting the distraction
task was successful, with ratings of capsaicin plus distraction (M = 39.9, SE = 3.1)
substantially lower than capsaicin alone pain ratings (M = 47.4, SE = 4.3). A significant
main effect of time also emerged (F(1,24) = 3.3, p = .05), with ratings subtly reducing over
the three time points (M = 44.5, SD = 3.5; M = 43.9, SD = 3.6; M = 42.9, SD = 3.4,
respectively). As hypothesized, a condition by group interaction emerged, such that
participants reporting > 6.5 hours of sleep per night received significantly greater behavioral
analgesia than those who reported ≤ 6.5 hours per night(F(1,25) = 5.3, p = .03), see Figure 1.
These values are presented as a percent reduction from pain alone ratings in Figure 2. Self-
reported ratings of mood prior to the sessions did not differ by group (p > .05). Ratings of
the degree of attention focused on game play, perceived interference in game play due to
pain, as well as objective video game performance (measured through individual’s video
game scores) did not differ as a function of sleep (p’s > 0.05) or with pain (p > 0.05).
Individuals reporting ≤ 6.5 hours per night over the preceding month reported a significantly
greater number of daily pain experiences (M = 10.3, SD = 9.3) when compared to those
sleeping > 6.5 hours (M= 2.5, SD = 2.1; F(1,23) = 12.1, p = .002). The intensity of daily
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pain was also significantly different between sleep groups, with those in the self-reported <
6.5 hr sleep duration reporting greater intensity (M = 29.5, SD = 22.5 vs. M = 12.3, SD =
16.3). No relationship was observed between daily pain frequency or intensity in pain alone
or pain plus distraction ratings (p > .05). Interestingly, behavioral analgesia (calculated by
subtracting pain ratings during video game play from pain alone ratings) was significantly
associated with the frequency of daily pain (r = −.59, p = .002), such that the more analgesia
received from distraction the less frequent the bouts of pain.

No differences emerged between the areas of flare or secondary hyperalgesia between Pain
Alone and Pain plus Distraction sessions; therefore, the area of flare and secondary
hyperalgesia were averaged across sessions. Those reporting ≤ 6.5 hour sleep duration had
significantly larger areas of flare when compared to individuals in the > 6.5 hour sleep
duration group (p = .02).

Individuals in the self-reported ≤ 6.5 hour sleep duration group also experienced a larger
area of secondary hyperalgesia (p = .05), see Figure 3 for a graphical representation. The
area of flare was associated with secondary hyperalgesia in > 6.5 hour sleepers only (r = .58,
p = .01).

The areas of flare and secondary hyperalgesia were significantly associated with the
intensity of daily pain reported outside the laboratory (r = .47, p = .03 and r = .48, p = .02
respectively) and secondary hyperalgesia was additionally correlated to the frequency of
pain reports (r = .5, p = .02).

Discussion
This study suggests that distraction, specifically video game play, is associated with
reductions in heat-capsaicin pain ratings over an extended period (approximately 45
minutes) and that self-reported habitual sleep duration of ≤ 6.5 hours interacts with the
degree of distraction analgesia such that this group derived less benefit from distraction,
especially during the first two thirds of the procedure. This finding was particularly driven
by the observation that within the 45 minute session, individuals with lower self-reported
habitual sleep durations were delayed in experiencing the pain reducing effects of
distraction. Additionally, these data are the first to report that less sleep is associated with
secondary hyperalgesia, a marker of spinal facilitation implicated in the maintenance of a
chronic pain, especially neuropathic pain states. Finally, we also found self-reported habitual
sleep duration to be related to the degree of local skin flare, suggesting that sleep may also
alter the pain experience by impacting peripheral processes involved in neurogenic
inflammation. Reports of daily pain were also associated with sleep, behavioral analgesia,
flare and secondary hyperalgesia, highlighting the potential clinical utility of the heat-
capsaicin nociceptive model. Indices of mood, attention and perceived interference did not
differ between the two groups and these results do not appear to be attributable to the
possible effects of insufficient sleep on video game performance.

Distraction Analgesia and Sleep Duration
With respect to the distraction analgesia finding, a prominent daytime feature of sleep
deprivation/disruption is diminished attention/vigilance (Lim and Dinges 2008) and poor
cognitive performance on higher order tasks invoking working memory and executive
functions (Bonnet 1985), processes which are presumably involved in active efforts to focus
attention in the presence of salient information (nociception) that competes for cognitive
processing/resources. Our finding that distraction analgesia is associated with reduced self-
reported habitual sleep duration is consistent with recent findings (Tiede et al. 2009) that
experimentally-induced shortened sleep (achieved through sleep restriction) was associated
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with weaker ability to disengage attention from pain. Interestingly, in the current study we
did not find sleep-related differences in self-reported attention directed to the video game, or
in video game performance scores, indicating that factors other than attention, perhaps
working memory, may have been contributing to the effect of sleep duration on pain
responses.

The mechanism by which short sleep duration is associated with distraction analgesia will
require further investigation. Neuroimaging studies of distraction-related tasks, such as
hypnosis and virtual reality completed during experimental noxious stimulation, have
demonstrated that distraction reduces pain-related activation in both cortical and subcortical
regions, broadly including the anterior cinlguate, insula, primary and secondary
somatosenory cortices, and the thalamus (Valet et al. 2004). The location(s) and cerebral
processes involved in the distraction analgesia effect, however, remain largely unknown,
though some have speculated that distraction is likely to engage various descending
nociceptive modualtory systems (Johnson 2005) in the medullar brain stem, including the
periaquaductal grey and spinal dorsal horn (Bantick et al. 2002; Tracey et al. 2002). Both
serotonergic and opioidergic neurotransmission play a primary role in these systems
(Petrovic et al. 2000; Tracey et al. 2002). Prior work by our group investigated the
possibility that experimental sleep fragmentation might impair endogenous opioid-
dependent descending nociceptive inhibition. We found that experimental sleep
fragmentation impaired diffuse noxious inhibitory controls wherein a tonic painful stimulus
reduced the percept of a phasic noxious stimulus (Smith et al. 2007), a phenomenon thought
to reflect descending inhibitory capacity.

Sleep Duration and Daily Pain
In the current sample of young, healthy individuals, self-reported habitual sleep duration of
≤ 6.5 was associated with a greater number of daily pain experiences and greater severity of
pain when compared to individuals in the > 6.5 sleep duration group, which is consistent
with prior studies suggesting that less sleep is associated with enhanced daily pain (Edwards
et al. 2008; Onen et al. 2001). Interestingly behavioral analgesia (the amount of pain
reduction under the distracted condition) was significantly associated with the frequency of
pain over the preceding month; with greater distraction effects corresponding to less
frequent bouts of pain. This suggests that the ability to engage in distraction may share
mechanisms with and/or impact the experience of every day pain.

Sleep Duration and Hyperemia
Perhaps even more striking, was the robust finding that getting ≤ 6.5 hours of sleep was
associated with increased hyperemia. The heat/capsaicin induced flare response involves
neurogenic inflammation (Holzer 1998). Capsaicin is a selective excitotoxin activating
vanilloid receptors localized on thin afferent terminals that elicit a burning pain sensation
(Caterina et al. 1997). Specifically, stimulation of these primary afferent fibers elicits the
release of: 1) calcitonin gene-related peptide (CGRP), 2) substance P and 3) neurokinin A
(NKA) (Holzer 1998). These substances promote dilation of arterioles, sensitize primary
afferents, mediate venular permeability, and promote recruitment of proinflammatory
substances such as IL-B and prostaglandins (Coutaux et al. 2005). The overall function of
this process is presumably to maintain homeostasis and promote tissue repair at the site of
trauma; however, enhanced neurogenic inflammation is believed to play a role in the pain
complaints of diseases such as rheumatoid arthritis (Frieri 2003; Levine et al. 1987; Schaible
et al. 2002). Although we are not aware of any other studies which have utilized capsaicin to
explore possible associations between neurogenic inflammation and sleep, a prior sleep
deprivation study by Lentz and colleagues (Lentz et al. 1999) reported that selective slow
wave sleep deprivation was associated with reactive erythema to a mechanical skin fold task
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in women. Exploration of specific neurochemical pathways by which sleep duration
modulates neurogenic inflammation could have important functional implications for the
role of sleep in homeostasis.

Experiments in healthy young adults demonstrate that even mild, short-term sleep loss
activates inflammatory signaling (Irwin et al. 2008) and elevations in pro-inflammatory
cytokines (Haack et al. 2007). For example, Haack and colleagues found that reducing sleep
duration to four hours per night across 10 days produced elevated IL-6 and CRP levels when
compared to individuals sleeping 8 hours. They also found that IL-6 was significantly
associated with spontaneous pain ratings. In another recent study of middle-aged adults, a
short habitual sleep time was associated with increased circulating CRP and IL-6 (Miller et
al. 2009). Future work should assess how systemic inflammation interacts with local
neurogenic inflammation and vice versa. It may be that individual differences in
inflammatory processes could predispose individuals to develop chronic inflammatory pain
conditions, and that clinical examination using the capsaicin nociceptive model may
eventually be used as a simple and inexpensive method for identifying individuals at higher
risk.

Sleep Duration and Secondary Hyperalgesia
In addition to positive associations between sleep duration and hyperemia, we also found
sleep duration to be associated with enhanced secondary hyperalgesia, i.e. the region of
enhanced mechanical sensitivity extending beyond the heat-capsaicin treated skin.
Considerable experimental evidence suggests that sleep deprivation is associated with
mechanical and thermal hyperalgesia in healthy subjects (Lautenbacher et al. 2006).
Furthermore, we have shown that insomnia diagnosis is related to mechanical and thermal
hyperalgesia in temporomandibular joint disorder, an idiopathic clinical pain condition
(Smith et al. 2009). To our knowledge, the present study is the first to directly measure an
association between sleep and secondary hyperalgesia. Unlike other quantitative sensory
testing studies of sleep (Lautenbacher et al. 2006; Onen et al. 2001), capsaicin-induced
secondary hyperalgesia implicates enhanced sensitization or hyperexcitability of dorsal horn
inter neurons (Lamotte et al. 1991; Lamotte et al. 1992; Torebjork et al. 1992) and provides
a functional marker for sensory activity at the spinal level (Morris et al. 1998). Such
neuroplastic changes in the spinal cord are modulated by the complex interplay of peripheral
and supraspinal inputs, and are believed to play a prominent role in the maintenance of
chronic pain states (Cervero et al. 2003; Cervero and Laird 1996; Treede et al. 1992). The
heat-capsaicin model has previously been validated as a practical, reliable tool for
investigating experimental secondary hyperalgesia (Harding et al. 2001). Interestingly,
secondary hyperalgesia may also be influenced by inflammatory mediators (Ma and Quirion
2007). Overall, the present data suggest that sleep disturbance may be associated with a
generalized disturbance of nociceptive modulation at the level of the spinal cord. We cannot,
however, determine from these data whether supraspinal processes, which are known to
regulate second order spinal afferents, are also associated with reduced sleep. Morris and
colleagues have shown that both Rheumatoid arthritis and Fibromyalgia patients display
increased capsaicin-induced secondary hyperalgesia, suggesting enhanced spinal activity in
these conditions (Morris et al. 1998). The authors suggest that this enhanced spinal activity
is an important determinant of clinical features in these disorders. Future studies should
examine the degree to which and what specific sleep parameters impact secondary
hyperalgesia and whether experimentally modifying sleep impacts secondary hyperalgesia.

Endogenous opioids are also thought to be, at least in-part, responsible for analgesia
produced by distraction. This is another potential explanation for the connection between
daily pain and sleep, distraction, flare and secondary hyperalgesia. Fragmented sleep
appears to affect the endogenous opioid nociceptive-inhibitory system, as assessed through
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DNIC (diffuse noxious inhibitory controls; a quantitative sensory testing technique thought
to reflect endogenous opioid tone) (Smith et al. 2007) and this in turn may increase daily
pain (Edwards et al. 2003) and potentially distraction effects. Goffaux and colleagues
(Goffaux et al. 2007) found that secondary hyperalgesia was strongly influenced by
descending signals that were presumably cortical in origin. Thus, endogenous opioid
alterations may enhance facilitation of spinal cord pain processing, which may increase
secondary hyperalgesia (Goffaux et al. 2007).

Limitations
The current study includes several limitations that should be noted when interpreting the
results. Sleep was not manipulated; therefore causal interpretations cannot be made. All
participants were young, healthy individuals undergoing laboratory-based pain induction
procedures, which might limit generalizabilty. Although a number of studies have provided
evidence for the clinical relevance of such studies in general (Fillingim and Lautenbacher
2004), and topical capsaicin in particular (Morris et al. 1998; Morris et al. 1997), and several
studies note that distraction techniques may be quite useful in acute pain settings, some
controversy exists over the efficacy of distraction in chronic pain conditions (Thorn 2004).
Snijders and colleagues (Snijders et al. 2010) recently found that a computerized divided
attention distractor task failed to attenuate pain ratings in chronic, unexplained pain patients.
Thus, the relevance of this work to acute clinical pain and persistent pain conditions is
unknown. A major limitation of this study is that sleep was assessed using a simple question
of duration over the last month. Although self-reported sleep parameters such as duration are
frequently used and have been validated against more objective measures (Lockley et al.
1999; Usui et al. 1999), other studies have found these measures to differ (Buysse et al.
2008; Van Den Berg et al. 2008). Future study is warranted to replicate these novel
associations with polysomnography and/or other more objective measures of sleep such as
actigraphy. Another limitation may be that the current study did not assess sleepiness in
participants prior to undergoing testing. A recent study found that sleepiness-alertness was
associated with analgesic efficacy (Steinmiller et al. 2010), thus it is unclear whether the
current results may have been influenced by this factor. Another limitation may be that the
current study did not examine blood pressure in response to capsaicin or video game play. A
study by Raudenbush and colleagues found that video game play was associated with
increased pulse, particularly during action, fighting, sports and boxing games (Raudenbush
et al. 2009). Because we did not measure systolic or diastolic pressure or heart rate, the
current study is unable to determine whether distraction analgesia may have been related to
alterations in blood pressure. A final limitation may be that the distraction task was not long
enough. It is unknown whether a longer follow-up period would have unveiled differences
in sleep groups over extended periods of time. The current analysis suggests that distraction
analgesia was increasing over time in both groups. The current study is unable to assess
longer term effects of distraction and any potential difference in sleep duration groups at
extended periods.

Summary and Future Directions
Despite these limitations, our findings provide evidence that shorter self-reported habitual
sleep duration may reduce or delay the onset of distraction-induced analgesia. Future studies
might benefit from examination of the differential physiological effects of sleep and
distraction to gain a more thorough understanding of the mechanisms contributing to the
differential analgesic effects of distraction depending on sleep duration. Manipulations
involving an opioid antagonist and experimental sleep deprivation or restriction may be a
useful next step in elucidating the underlying mechanisms by which sleep, and which
aspects of sleep, shapes the experience of pain and analgesia. Clinically, it is noteworthy that
it may be useful to start a distraction task earlier in patients obtaining insufficient sleep, or
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work to improve sleep in these patients before medical procedures in order to allow time for
these analgesic processes to engage. Collectively, additional study seems warranted to
characterize the potentially complex relationships between sleep duration, distraction,
inflammation, and potentially endogenous opioid reactivity.
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Figure 1.
Pain intensity ratings for the Pain Alone and Pain w/Distraction sessions for individuals
sleeping more and less than 6.5 hours/night; error bars represent standard error.
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Figure 2.
Percent change from Pain Alone to Pain + Distraction ratings for individuals sleeping more
and less than 6.5 hours/night (calculated by subtracting pain rating under distraction from
the pain alone condition, divided by pain alone, times 100: higher change indicates greater
analgesic effect); error bars represent standard error.
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Figure 3.
Mean Flare and Secondary Hyperalgesia measurements (in mm2) for individuals sleeping
more and less than 6.5 hours/night; error bars represent standard error.
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Table 1

Demographic information for sleep duration groups

Group Sex (%female) Age (std. dev.) Ethnicity %

≤ 6.5 (n=9) 67% 27.9 (6.5) 33% non-Hispanic white

> 6.5 (n=19) 42% 25.3 (6.7) 58% non-Hispanic white
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