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Introduction

Sleep is a behavioral state that usually occurs naturally every 
day. Pain is a common experience but, unlike sleep, does 
not necessarily occur on a daily basis. Acute pain is a warn-
ing signal of potential, impending, or actual tissue injury. 
Chronic or pathologic pain is quite different. Accumulating 
evidence in pain science attests to the unique reorganization 
of pain pathways and ongoing plasticity within the brain that 
are distinctly associated with different chronic pain condi-
tions (e.g., musculoskeletal, neuropathic) [1]. From elegant 
research in preclinical models and clinical studies, chronic 
pain is characterized by altered functioning of pain transduc-
tion, transmission, and modulation pathways in the central 
nervous system (CNS) such that nociceptive stimuli and tis-
sue injury are no longer required for pain to be perceived. 
Episodes of spontaneous pain arise, non-nociceptive stimuli 
evoke pain sensations, and pain is perceived long after tis-
sues have healed [2].

Regardless of whether pain is acute or chronic, there is a 
common expectation that pain will lead to disturbed sleep. 
Indeed, surveys attest to the prevalence of sleep problems 
in chronic pain conditions. Less than 20 years ago, the Na-
tional Sleep Foundation conducted one of the first surveys 
on pain-related sleep disturbance in the USA [3]. This poll 
found that > 50 % of respondents from a large sample of 
adults reported nighttime pain; nearly half of the sample re-
ported short sleep duration of ≤ 6 h. A recent survey of sleep 
and mental health from community-based samples in five 
European countries found a 17.1 % prevalence of a pain-
ful physical condition and a 10.3 % prevalence of insomnia 
symptoms (e.g., difficulty in falling asleep, staying asleep, 
or waking up early in the morning and unable to fall back 
to sleep) [4]. In this study, more than 20 % of individuals 

with a chronic pain condition reported insomnia, but strik-
ingly 40.2 % of individuals reporting insomnia also reported 
chronic pain. Sleep disturbances and insomnia were the most 
frequent comorbidities reported in a large Internet survey of 
adults with chronic pain from five Western European coun-
tries [5], and the prevalence of insomnia was higher in in-
dividuals self-reporting neuropathic pain (46 %) compared 
to other types of chronic pain (30 %). Sleep disturbance in 
chronic pain conditions varies considerably from 40 % to 
over 85 % depending upon the clinic population studied and 
methods used to measure sleep [6–10]. Sleep disturbance is 
common in the elderly [11] and also in children and adoles-
cents [12]; over 50 % of youth with chronic pain conditions 
report symptoms consistent with insomnia [13]. Despite the 
prevalence of pain-related sleep problems, research on the 
best methods for treating pain and improving sleep, or for 
improving sleep and reducing pain, is quite limited. The evi-
dence base for the clinical management of sleep problems 
in chronic pain conditions has just begun to appear in the 
literature and much more research is needed [9, 14]. Pain and 
coexisting sleep disturbance complaints are common, a large 
number of people worldwide are affected, and have serious 
negative consequences on health, quality of life, and work 
productivity as well as the rising costs of health care.

Since one of the first polysomnographic studies of sleep 
reported by Wittig and colleagues in 1982 [15], research on 
interactions between sleep and pain has grown considerably. 
Based on recent review of PUBMED under a broad search of 
“sleep and pain,” 102 published references were accessible 
in 1992; 693 in 2012. Given the growing literature on the in-
teraction of the problem of sleep disturbance in patients with 
pain, what do we know about the extent to which pain is as-
sociated with or leads to disturbed sleep? What do we know 
about the extent to which disturbed sleep modulates pain? 
Finally, what is the evidence that improving sleep relieves 
pain or vice versa? Considerable advances in pain science 
have been made in the past decade, especially in the use of 
brain imaging techniques applied to studies of individuals 
with chronic pain, and such advances have important impli-
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cations for understanding the impact of pain on sleep. How-
ever, a discussion of milestones in pain science is beyond 
the scope of this review [1]. The purposes of this chapter 
are to summarize the milestones and provide a critical com-
mentary on the progress of generating research evidence on 
interactions of pain and sleep. This review includes selected 
preclinical studies, experimental human and clinical studies, 
as well as recent studies focused on interventions designed to 
improve sleep and reduce pain in people with chronic pain.

Sleep and Pain Interaction

A current view of sleep and pain has evolved to a bidirection-
al model stipulating that disturbed sleep is a consequence of 
presleep pain intensity and disturbed sleep leads to enhanced 
post-sleep pain (Fig.  49.1a). This bidirectional model has 
roots in a circular model originally proposed by Moldofsky 
and colleagues [16] in pioneering studies of sleep disturbance 
in fibromyalgia. Moldofsky proposed that disturbed sleep 
did not cause pain, but that, once pain was manifest, dis-
turbed sleep followed leading to a continuous cycle of pain, 
poor sleep, and amplified pain (Fig.  49.1b). The idea that 
sleep disturbance or sleep loss can amplify pain and feelings 
of discomfort has roots in common experience and findings 
from research. Sleep deprivation (SD) studies conducted in 
the 1930s, first, showed that 2 days of total sleep loss re-
duced the pain (nociceptive) threshold [17]. A more recent 
study has shown that sleep loss of only 4 h and specific loss 
of rapid eye movement (REM) sleep evoked hyperalgesia, 
but the mechanisms underlying the exaggerated responses to 
noxious stimuli remain unknown [18]. Although intuitively 
appealing and parsimonious, a bidirectional, linear model of 
pain leading to disturbed sleep and disturbed sleep leading to 

amplified pain is probably too simplistic. Likewise, a simple 
vicious cycle of pain-disturbed sleep pain fails to take into 
account other factors before, during, and after sleep that af-
fect the interaction of pain and sleep (Fig. 49.1b).

Chronic pain patients are heterogeneous, and all pain is 
not the same. Chronic pain is associated with many comor-
bidities including anxiety, depression, specific sleep dis-
orders, poor sleep hygiene, and symptoms associated with 
source of the pain, such as musculoskeletal disorders [1, 19], 
depression [20], or neuropathic pain [1]. These patients are 
also at risk for undergoing multiple surgeries or other types 
of invasive treatments. They often consume many types of 
prescription and over-the-counter medications with adverse 
and unpredictable effects upon sleep. Further, sleep qual-
ity and duration are influenced by physical activity, fatigue, 
daytime naps, and lifestyle behaviors such as smoking and 
the consumption of caffeine and alcoholic beverages. These 
factors have not been assessed or accounted for in the statis-
tical analysis in many research studies. Finally, gender dif-
ferences have been observed in sleep [21] and in the preva-
lence of clinical pain syndromes [22]; these differences have 
only begun to be studied in a systematic way in patients with 
chronic pain [23].

Does Pain Lead to Disturbed Sleep?

Pain is a unique, personal, and subjective unpleasant experi-
ence with a combination of sensory, affective, and behavior-
al dimensions, most often, associated with actual or potential 
tissue damage [24]. From studies of preclinical pain models, 
considerable evidence has accumulated about the plasticity 
and heightened sensitivity of pain transduction, transmis-
sion, and modulation processes in peripheral nerves [25], 
neurons, and synapses in the CNS [2] in response to various 
types of nociceptive stimuli. Evidence from clinical studies 
suggests that peripheral and central sensitization contributes 
to pain in arthritis, temporomandibular disorders, fibromy-
algia, headache, complex regional pain syndrome, visceral 
pain, and post-surgical pain [2].

The models used to study pain processing have been cat-
egorized into three phases representative of the type of noci-
ceptive stimulus and the extent of tissue injury [26], and is a 
useful framework to assess the impact of pain on sleep. Phase 
1 pain involves the transient application of a nociceptive 
stimulus, which produces a minimal inflammatory reaction 
and brief vocal (cry, ouch), behavioral (reflex withdrawal, 
body movement), or physiological (altered neuronal activ-
ity) responses. Phase 2 pain occurs as a result of the applica-
tion of substances that induce tissue damage and inflamma-
tion that persist for varying periods of time depending upon 
the agent used. Phase 2 pain is associated with release of 
mediators in tissues from damaged cells, blood vessels, and 

Fig. 49.1   a A bidirectional model assumes that higher pain intensity 
prior to sleep onset will lead to greater disturbed sleep; and greater dis-
turbed sleep will lead to increased pain. b A circular model assumes that 
pain disturbs sleep and subsequently poor sleep affects pain. Various 
factors likely impact both pain and sleep and the interaction such that 
neither a linear nor a circular model fully accounts for the complexity 
of pain-related sleep disturbance
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activated peripheral nociceptors. These chemical mediators 
directly activate or sensitize primary afferent nerve fibers to 
increase transmission of nociceptive information to the spi-
nal cord invoking hyperactive neuronal responses that under-
lie the development of hyperalgesia (exaggerated response 
to nociceptive stimuli) and allodynia (pain-related response 
to non-nociceptive stimuli). Phase 3 pain involves damage 
specifically to neurons and nerve fibers. Behavioral signs of 
spontaneous and evoked pain responses persist for varying 
periods of time as do changes in the functional properties 
of CNS neurons and synapses. Peripheral and central sensi-
tization is associated with a change in the gain of pathways 
involved in pain transduction, transmission, and modulation 
such that nociceptive stimuli or tissue injury are no longer 
necessary for pain to be perceived.

Phase 1 Pain Studies

Studies of phase 1 pain applied to animals or human volun-
teers during sleep yield evidence of transient sleep distur-
bance. In all of the studies, the experimenter [27] or subjects 
reported at least moderate-level pain to nociceptive stimuli 
(e.g., saline infusions into muscle, finger joint pressure, cuta-
neous laser heat) when they were awake [28–30]. In animal 
studies, behavioral withdrawal responses to the application 
of phase 1 laser heat pain were faster during slow-wave sleep 
(SWS) compared to waking. The animals fell back to sleep 
quickly when stimulated during sleep, and showed more pro-
longed pain-related responses (orienting to the site, licking 
the paw, changing body position) and took a longer time to 
return to sleep during waking compared to sleep [27]. These 
results were interpreted as evidence of a lower-pain thresh-
old during SWS that were attributable to disinhibitory neu-
ronal processes known to occur during sleep.

In studies with human volunteers, application of phase 1 
pain stimuli leads to electroencephalographic (EEG) cortical 
arousal responses or brief awakenings during sleep [28–30]. 
It is difficult to compare results across studies because the 
type, duration, and intensity of nociceptive stimuli and pro-
tocols used in each study were quite different. Cutaneous 
heat of moderate [30] or high intensity [28] produced more 
frequent cortical arousals from non-REM (NREM) stage 
2 compared to SWS and REM sleep, yet subjects reported 
the following morning minimal awareness of having been 
aroused or awakened during sleep. Nociceptive and non-no-
ciceptive stimuli both produced a similar number of awak-
ening responses from NREM stage 2 sleep and to reduced 
amounts of SWS and REM sleep obtained on experimental 
nights [31]. Findings from a laboratory study of sleep iner-
tia (a transitional state of lower arousal) showed a large re-
duction in the perception of pain immediately after subjects 
were awakened from REM sleep, compared both to SWS 

and wake [32]. In a study of laser heat stimuli applied during 
sleep, investigators observed arousals to 31 % of the stimuli, 
and 53 % of these were associated with visual motor reac-
tions on the polysomnogram. No reductions in the latency to 
the first component (N2) of the cortical EEG-evoked poten-
tial were observed, but the latency to the second component 
(P2) was shorter, and the evoked potential amplitude was 
reduced during both NREM stage 2 and REM sleep [33]. 
Evoked potentials measured over the frontal cortex were 
attenuated in REM sleep, although overall morphology of 
the response was similar to wakefulness. Non-nociceptive 
stimuli give rise to similar EEG-evoked potentials over the 
cortex such that specificity of nociception is inferred from 
the nature of the stimuli applied, not from the EEG response. 
Further studies are warranted to determine whether patients 
with chronic pain are more susceptible to nociceptive stimuli 
during sleep. However, responses to nociceptive and non-
nociceptive stimuli in patients with chronic pain are quite 
different from that of healthy volunteers as brain activity 
could be distorted by changes already present in the CNS as-
sociated with the particular chronic pain condition [1]. Given 
these observations, comparisons between patients with dif-
ferent types of chronic pain may be more informative com-
pared to healthy controls.

Phase 2 and 3 Pain Studies

Experimentally induced preclinical studies of phase 2 and 
3 pain (systemic arthritis and sciatic nerve damage) show 
physiological changes in sleep architecture indicative of 
sleep disturbance and provide evidence that pain leads to dis-
turbed sleep, but findings are not consistent for all types of 
pain models tested. Sleep in arthritic animals is highly frag-
mented [34, 35] with increased wakefulness during the inac-
tive and increased sleep during the active periods of the diur-
nal cycle [36]. Sleep disturbance was most prominent during 
the acute inflammatory phase of arthritis [35–37] or during 
the acute postoperative period following nerve injury [38, 
39]. A recent study in mice found a statistically significant 
small amount of increased wakefulness and reduced NREM 
sleep at 7 days and again at 28 days post-sciatic nerve injury 
[40]. Disease severity was associated with greater sleep dis-
turbance and less wakefulness with increased delta activity 
during sleep in the active period in arthritic animals [36]. Al-
though neuropathic pain models induce persistent peripheral 
nerve denervation along with long-lasting changes in gene 
expression in the CNS and behavioral signs of hyperalgesia 
and allodynia, no changes in EEG spectral power were ob-
served in animals for over four months after injury [39]. Pre-
clinical neuropathic pain models are produced by a variety of 
types of nerve injury that could lead to distinct differences in 
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disease severity and differential impact on sleep and changes 
in EEG frequency patterns during sleep.

Findings from these studies of phase 2 and phase 3 pain 
provide evidence of disturbed sleep, but isolating pain, as 
the “cause” of disturbed sleep, is difficult to ascertain. Sys-
temic arthritis evokes systemic inflammation, increases 
body temperature, and elicits a variety of “sickness behav-
iors.” Signs of disturbed sleep in peripheral nerve injury 
are most prominent in the acute postoperative period when 
systemic neuroendocrine responses to tissue injury, presum-
ably, also are present. The most parsimonious explanation of 
these findings is an inability to sustain uninterrupted sleep 
episodes. Such changes could be related to persistent altered 
functioning of pain pathways, attributable to peripheral and 
central sensitization, that are more sensitive to slight bodily 
movements, or to environmental stimuli. Future studies of 
recently developed animals’ models of stress-induced gener-
alized pain [41], and of combined inflammation and neuro-
pathic injury [42], have potential to advance understanding 
of mechanisms involved in chronic pain effects on sleep.

Clinical Studies in Chronic Pain

Most studies of pain and sleep in clinical populations have 
been cross-sectional observational studies comparing self-
reported pain and sleep disturbance in patients with differ-
ent chronic pain conditions or controls without pain. Chronic 
pain has well-recognized disturbing effects on self-reports of 
sleep quality and disturbance, but subjects often are asked 
about how much pain interferes with sleep, or are given a list 
of factors or symptoms and asked to indicate which ones they 
attribute to disturbing their sleep [43]. Thus, studies may be 
biased toward finding false-positive reports of pain-related 
sleep disturbance. The majority of clinical studies that have 
used both subjective and objective measures of sleep have 
been conducted on patients with musculoskeletal condi-
tions, and most of these involved patients with fibromyal-
gia. Chronic pain has not been consistently associated with 
disturbed sleep as measured by polysomnography (PSG) or 
actigraphy [44–47]. In these studies, often the self-report of 
poor sleep quality is out of proportion to modest changes 
in PSG indicators of sleep [9], especially when patients are 
compared to sedentary control subjects of similar age [45].

Sleep studies of patients with other types of chronic pain, 
in particular neuropathic pain, back pain, and chronic region-
al pain syndrome, are few in number. A recent review of the 
literature in patients with chronic low back pain found self-
reported generalized sleep disturbance, reduced sleep dura-
tion, quality, and satisfaction, with increased sleep latency, 
and problems functioning in the daytime [48]. Of note, this 
evidence-based review included only two studies (meeting 
investigator inclusion criteria) that used PSG or actigraphy 

sleep measures, and only in < 10 patients in each study [49, 
50]. A recent small clinical study of 16 patients with chronic 
low back pain yielded significant differences in self-reports 
of sleep disturbance compared to 16 control subjects, but 
no differences in sleep measures obtained from actigraphy 
[51]. It has been estimated that nearly 80 % of adults will, at 
some time, eventually experience back pain and metabolic 
biomarkers of brain function that correlate with clinical mea-
sures of chronic back pain [1]. We need PSG and nociceptive 
response studies during sleep in these clinical populations.

Investigators who preformed a structured evidence-based 
review of the literature (41 studies of good quality) on a va-
riety of chronic pain conditions, that included some type of 
sleep measure, concluded that there is strong and consistent 
evidence to support an etiological role of pain with sleep 
disturbance due to a medical condition [7]. Of these, 77 % 
of 21 studies showed, through statistical modeling, that pain 
predicted the occurrence of a sleep problem, but only three 
of these studies were based on prospective analysis. Studies 
of daily temporal associations between pain and sleep with 
multilevel statistical modeling techniques have advanced our 
knowledge about pain–sleep interactions [9]. One of the first 
reports of a bidirectional relation between pain and sleep was 
derived from a prospective study in women with fibromy-
algia [52]. Based on daily diary recordings over 30 days, a 
night of poor sleep was followed by more pain the next day; 
more pain during the day was followed by night of poorer 
sleep. Data on reports of nighttime sleep and pain for 8 days, 
from a large nationally representative sample of middle-aged 
adults in the USA, found that hours of sleep predicted subse-
quent frequency of pain and pain predicted subsequent hours 
of sleep, but the effect of sleep on pain was stronger than the 
effect of pain on sleep [53].

Recent studies of temporal associations between pain and 
sleep provide interesting and novel findings about the com-
plexity of pain–sleep interactions. In a laboratory study of 
75 children with juvenile arthritis, age, medications, anxiety, 
and evening pain explained 18 % of variance in subsequent 
EEG sleep arousals, but neither anxiety nor pain had a sig-
nificant effect on sleep microstructure [54]. In a study of 97 
adolescents with chronic pain or intermittent pain (healthy 
subjects), actigraphy-derived estimates of sleep duration and 
amount of wake after sleep onset, but not sleep efficiency or 
self-reported sleep quality, predicted next-day pain; daytime 
pain intensity did not predict subsequent nighttime sleep dis-
turbance [12]. In a study of a group of 107 heterogeneous 
adult chronic pain patients (74 % women), both with moder-
ate pain and insomnia severity scores, presleep mood and 
cognitive arousal, but not pain, predicted subsequent self-re-
ported sleep quality; cognitive and somatic arousal predicted 
actigraphy-derived sleep efficiency [55]. Self-reported sleep 
quality and efficiency and actigraphy-derived sleep efficien-
cy predicted next pain upon awakening, but predictors of 
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pain in the first half or second half of the day varied. In post-
hoc analysis, depression emerged as a significant predictor 
of self-reported sleep quality, along with presleep arousal. 
Thus, although relieving pain has potential to improve sleep, 
at the present time, it is not clear that pain is the most salient 
symptom to target in planning treatments to improve sleep 
in patients with chronic pain. Presleep arousal is an impor-
tant factor influencing sleep quality and duration in insomnia 
[56], and therapies addressing arousal and mood [20] could 
be an important target for improving sleep in chronic pain 
patients.

Milestones: pain to sleep interactions

•	 Advances in pain research have established that chronic 
pain is characterized by altered functioning in pain trans-
duction, transmission, and modulation pathways in the 
brain leading to persistent heightened sensitivity to pain 
and the perception of pain after tissues have healed.

•	 In animals, reflex withdrawal responses to pain stimuli 
are faster during NREM sleep and somewhat attenuated 
during REM sleep.

•	 In humans, pain stimuli, applied during sleep, leads to 
transient arousals and sometimes brief awakenings but in 
healthy subjects awakenings are rarely remembered the 
next morning.

•	 Substantial evidence exists to support pain in the etiol-
ogy of self-reported, but not objective, measures of sleep 
disturbance in chronic pain.

•	 Presleep arousal and mood, along with pain, have emerged 
as important factors associated with subsequent sleep dis-
turbance.

Does Sleep Modulate Pain?

Sleep Effects on Pain

During sleep, an individual is unaware of environmental sur-
roundings with reduced responsiveness to sensory stimuli. 
Arousal thresholds and response duration vary as a function 
of stimulus type and strength, sleep stage, time of night, age, 
and other factors. The literature on sleep modulation of sen-
sory stimuli was reviewed previously and suggested that re-
sponses to nociceptive stimuli are preserved during NREM 
sleep, but gated to some extent during REM sleep [57]. In 
that review, reference was made to a series of studies of 
brainstem neurons in the region of the ventromedial reticular 
formation that previously had been implicated as one of the 
important sources for the mediation of descending nocicep-
tive (pain) modulation or facilitation and hypothesized to in-
hibit nociception during sleep [58]. Research on brainstem 
neurons, OFF cells (anti-nociceptive) and ON cells  (pro-
nociceptive) have shown distinct patterns of spontaneous 

activity during waking, NREM, and REM sleep in rats [59] 
and more recently in mice [60]. OFF cells are continuously 
active during NREM sleep, sporadically active in wakeful-
ness, and silent during REM sleep. ON cells are continuous-
ly active during waking, virtually silent during NREM sleep, 
and most active during REM sleep. Based on these response 
properties, one would expect that behavioral responses to 
noxious stimuli would be reduced during NREM sleep com-
pared to wakefulness. However, paw withdrawal latencies 
to a radiant heat stimulus were faster during NREM sleep 
compared to wakefulness, and behavioral responses (e.g., 
licking the paw, moving about the cage) were suppressed 
during NREM sleep and exaggerated during waking [27]. In 
a recent study in mice [60], paw withdrawals to nociceptive 
heat were more reliably observed during sleep compared to 
wakefulness and associated with greater phasic activity of 
OFF cells prior to motor responses. Thus, rather than sup-
pressing nociception, OFF cells appear to facilitate reflex 
motor protective withdrawal responses. However, how these 
neurons and others implicated in suppressing or facilitating 
pain responses would respond in the context of chronic pain 
has not been reported.

Sleep Loss Effects on Pain

Selective REM SD was one of the first types of sleep loss 
effects on pain studied. These experiments in rodents con-
sistently have shown faster withdrawal latencies to noxious 
stimuli interpreted as reduced “pain” thresholds during [61], 
immediately after several days of deprivation [62–64], and 
after several days of recovery sleep [65]. Some evidence ex-
ists for reduced efficacy of opioid-mediated descending pain 
modulation in REM SD [66].

Increased pain perception or sensitivity has been observed 
in most experimental sleep loss studies in human volunteers, 
but such changes have not been consistently observed across 
studies involving the same type of nociceptive stimulus or 
similar SD protocols. One of the first total sleep deprivation 
(TSD) studies in human volunteers showed a progressive de-
crease in the threshold to pressure (von Frey hair), but not 
non-nociceptive stimuli [17]. One recent study has shown 
that the threshold to radiant heat pain was reduced after each 
of two nights of TSD compared to control subjects permit-
ted usual sleep [67]; while the perception of reported pain 
on a visual analog scale was increased, the pain threshold 
was not altered after TSD in another study [68]. Selective 
SWS deprivation for three nights has been shown to increase 
muscle tenderness and reduce the threshold to pressure stim-
uli compared to baseline in young, primarily male, [69] and 
middle aged, female, subjects [70], but this change was not 
observed in another study [71]. Shorter latencies to radiant 
heat stimulus of 32 % have been observed after a single night 
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of total sleep loss, after 4-h sleep loss, and after selective 
REM SD compared to non-REM deprivation [18]. Onen and 
colleagues [72] studied pain tolerance after one night of TSD 
followed by two consecutive nights of selective interruption 
of SW or REM sleep in counterbalanced order and a night 
of recovery sleep. Pressure, but not thermal, pain tolerance 
thresholds were reduced significantly after one night of TSD 
and remained lower after both SWS and REM sleep inter-
ruption nights, although the scores were not statistically dif-
ferent compared to baseline. After recovery sleep, there was 
a large increase in pressure pain tolerance scores, which was 
correlated with the amount of SWS during recovery. In one 
of the only reports of TSD in patients with chronic somato-
form pain (e.g., without physical etiology) investigators re-
ported increased pain perception, but without any change in 
pain thresholds to heat or pressure stimuli [73].

Compared to TSD, or selective sleep stage deprivation, 
inadequate or insufficient sleep is more common; one in 
three adults is estimated to sleep < 7 h per night [74]; thus, 
experimental studies of short sleep duration may provide 
data more applicable to sleep experienced in chronic pain 
conditions. In one of the few experimental studies of only 
women volunteers, neither three nights of interrupted sleep 
nor three nights of restricted, yet consolidated, sleep, both 
followed by a night of total sleep loss, led to any reliable 
group differences in pressure pain thresholds despite a 50 
% reduction in total sleep time and increased sleepiness in 
both groups [75]. This study also assessed spontaneous pain 
symptoms and pain inhibitory processes using a test of dif-
fuse noxious inhibitory controls (DNIC). In DNIC, the per-
ception of a second nociceptive stimulus (e.g., pressure) is 
inhibited by the previous application of a nociceptive stimu-
lus (cold) at a distant site. Only the group subjected to inter-
rupted sleep showed an increase in spontaneous reports of 
pain symptoms and reduced pain inhibition. Another study 
involving assessment of endogenous pain-inhibitory pro-
cesses after one night of experimental 4-h sleep restriction 
showed a 30 % increase in pain ratings, while reductions 
were observed in the amplitudes of laser-evoked EEG po-
tentials; subjects were less able to inhibit pain when their 
attention was not focused on pain stimulus [76]. In a similar 
study of pain distraction, healthy individuals who habitually 
slept < 6.5 h, in the month preceding testing, had reduced 
pain inhibition, while playing video games, but they showed 
increased skin flare and augmented hyperalgesic responses 
to a heat-capsaicin stimulus compared to those who slept > 
6.5 h [77]. In one of the only sleep restriction studies, found 
in the literature of patients with chronic pain, compared to 
control subjects, one night of 4-h sleep restriction augment-
ed pain perception along with an increase in the number of 
painful arthritic joints, but fatigue, depression, and anxiety 
were also increased the next day [65]. With mild sleep loss, 
pain perception is augmented, both in healthy subjects and in 

patients with chronic pain, but increased pain perception is 
not always accompanied by evidence of altered pain thresh-
olds. Such an increase in pain perception might be related to 
reduced functioning of pain-inhibitory processing.

Sleep Disorders and Pain

Sleep disorders often are associated with disturbed and frag-
mented sleep, and, in the case of insomnia, with short sleep 
duration, but few studies have measured pain perception or 
responses to nociceptive stimuli. Following the report of 
chronic pain by Ohayon [4] in a large percentage of people 
with insomnia, there is increased interest studying pain in 
primary and comorbid insomnia. Haack and colleagues [78] 
recently have shown that patients with primary insomnia re-
ported twice as many days of spontaneous pain, showed re-
duced thresholds to heat and pressure pain, and both reduced 
pain facilitation and inhibition compared to control subjects. 
The results from this study were interpreted as evidence of 
subclinical pain and chronic activation of pain inhibitory 
mechanisms that produced a ceiling effect under challeng-
ing conditions. Additional research is necessary to confirm 
or refute this hypothesis.

Possible Mechanisms of Sleep Effects on Pain

Few studies have examined mechanisms that might under-
lie changes in pain perception with sleep loss [20]. Activa-
tion of inflammatory processes with increased circulating 
proinflammatory cytokines is one plausible mechanism that 
has been studied after sleep loss [79]. Increased C-reactive 
protein, an inflammatory biomarker of cardiovascular dis-
ease risk, was observed both after total sleep loss of 88 h or 
after 10 consecutive days of sleep restricted to 4 h nightly 
[80]. Increased plasma levels of interleukin-6, but not that of 
tumor necrosis factor alpha, have been observed following 
10 days of 4-h sleep restriction [81], and increased urinary 
metabolites of prostaglandin E2 (PGE2) have been observed 
after 3 days of TSD [82]. In both studies, subjects reported 
spontaneous increased pain symptoms after several days of 
sleep loss. PGE2 is an important mediator of inflammation 
in peripheral tissues, capable of increasing peripheral nerve 
sensitivity [25] and neuron excitability in the spinal cord 
[83]. Proinflammatory cytokines released from circulating 
lymphocytes lead to release of cytokines by glia, in the spi-
nal cord, and an increase in chemical mediators (e.g., ex-
citatory amino acids, prostaglandins, nerve growth factors, 
and nitric oxide) that facilitate nociception and pain process-
ing in the CNS [84]. Glia, rather than neurons, may be the 
biological basis of sickness behavior and therapies directed 
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toward the upregulation of anti-inflammatory cytokines have 
been shown to reduce pain in animal studies [84].

Based on the results of the studies reviewed, it is not 
clear whether changes in pain perception and nociceptive 
thresholds with experimental sleep loss are attributable to 
total sleep loss, selective loss of a particular stage, restricting 
hours of sleep, or to sleepiness that inevitably accompanies 
sleep loss [85]. Sleepiness is one of the most reliable effects 
of experimental sleep loss. In fact, compared to well rested 
subjects, sleepy (as determined by multiple sleep latency 
tests) healthy subjects, after 8 h of sleep, showed increased 
pain sensitivity [86] and in a subsequent study, when sub-
jects had extended time in bed, increased total sleep time 
correlated with reduced sleepiness and pain sensitivity [87]. 
As noted above, protective withdrawal reflexes to nocicep-
tive stimuli are faster during NREM sleep and after experi-
mental sleep loss when animals are “sleepiest.” Cytokines 
participate in the regulation of physiological sleep and are 
released after tissue injury, infection, and sleep loss [88]. Cy-
tokines have a clear diurnal rhythm and reach the highest cir-
culating levels during sleep [79]. It is possible that activation 
of cytokines during physiological sleep could participate in 
disinhibitory processes in the brainstem, which facilitate re-
flex withdrawal responses, yet protect sleep by not engaging 
sustained arousal responses? In addition to pain and sleepi-
ness, cytokines have been associated with depressed mood, 
fatigue, impaired cognition, and memory—all symptoms 
that manifest with sleep loss. Thus, although activation of 
inflammatory processes is a plausible mechanism for in-
creased pain sensitivity with sleep loss, further research is 
required to ascertain the role of cytokines and other inflam-
matory biomarkers to explain heightened pain following a 
night of disturbed sleep in patients with chronic pain, and in 
relation to levels of sleepiness.

Milestones: sleep to pain interactions.

•	 Latencies to EEG cortical responses to pain stimuli 
remain intact during sleep, although the amplitude of 
evoked potentials is attenuated, and reduced during REM 
sleep.

•	 In animals, REM SD is associated with reduced pain 
thresholds, possibly associated with reduced pain inhibi-
tory processes.

•	 In humans, increased perception of pain is associated with 
loss of total sleep, selective stages of sleep, or reduced 
sleep amounts.

•	 Increased pain perception varies by type of pain stimulus 
(heat vs. pressure) and is not consistently accompanied 
by changes in pain threshold or physiological responses 
(e.g., changes in EEG-evoked potentials).

•	 Sleep loss may reduce pain inhibitory processes.
•	 Insomnia is associated with heightened pain sensitivity.

•	 Increased sleep reduces daytime sleepiness and pain sen-
sitivity.

•	 Activation of inflammatory processes might be one 
mechanism underlying increased pain after sleep loss and 
with increased sleepiness.

Do Treatments for Sleep Modulate Pain?

In patients with chronic pain, pain is associated with dis-
turbed sleep, and disturbed sleep augments pain. A recent 
evidence-based review concluded that pain is important in 
the etiology of sleep disturbances in patients with chronic 
pain and advocated that therapies to reduce pain ought to im-
prove sleep [7]. Although treatments to reduce pain have po-
tential to improve sleep, many medications commonly used 
to manage pain (opioids, antidepressants, anticonvulsants) 
have untoward and unpredictable effects on sleep [43, 89,  
90]. Further, many of these medications produce sedation 
along with reducing pain, and, thus, attempts to assess the 
impact of such treatments on pain and sleep are complicated 
and potentially confounded [43]. In addition, many studies 
focused on managing pain, including studies of cognitive be-
havioral therapy specifically for pain, only focus on pain as 
an outcome and not on valid and reliable measures of sleep 
[9].

In the past few years, there is increased interest in studying 
the impact of treatments targeting sleep, and measuring pain 
outcomes [14]. Such efforts are supported by observations 
that reduced complaints of non-restorative sleep predicted 
reduced pain in a community sample of patients with chronic 
pain [91], and increased sleep time has been shown to lower 
pain sensitivity in experimental studies of sleep extension 
[87]. A recent review of selected clinical studies revealed that 
pharmacological management of insomnia with hypnotics 
(four studies of benzodiazepine receptor agonists; one study 
of benzodiazpene) improved sleep, but did not necessarily 
reduce pain in patients with fibromyalgia or arthritis [14]. 
In this review, three studies had been published on effects 
of cognitive-behavioral therapies for insomnia (CBT-I) in 
patients with nonmalignant chronic pain, fibromyalgia, and 
osteoarthritis with mixed results; sleep improved but pain 
was not reduced in all studies compared to control subjects. 
A more recent study evaluated the effect of CBT-I on sleep 
measures and on pain severity and interference with daytime 
functioning in a sample of middle-aged adults with nonma-
lignant chronic neck or back pain who developed insomnia 
after the onset of pain [92]. Self-reported sleep efficiency 
improved and sleep latency and wake after sleep onset were 
reduced, but total sleep time was unchanged after 8 weeks 
of therapy compared to attention controls. Pain severity and 
interference with daytime functioning were both reduced 
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after 6 weeks compared to baseline, but pain severity was not 
statistically significantly different compared to controls. No 
follow-up data were reported. A major component of CBT-I 
is restricting time in bed to the reported time the patient actu-
ally reports sleeping. The amount of time in bed is advanced 
as total sleep time and sleep efficiency improve. CBT-I has 
shown improvements in self-reported and actigraphy mea-
sures of sleep quality and efficiency in fibromyalgia [93] but 
no changes in pain were reported. In patients with chronic 
pain, restricting sleep augments pain perception as shown 
by experimental studies noted above. CBT-I has long-lasting 
durable effects on sleep in primary and comorbid insomnia, 
and it is plausible, that only with sufficient practice over time 
would pain intensity subside as sleep time and quality in-
creased. Notably, in the secondary analysis of the primary 
data from older adults with osteoarthritis at 1-year follow-
up, CBT-I was associated with sustained improved sleep and 
reduced pain [94]. Thus, it has been hypothesized that sleep 
could be analgesic [94]. However, rather than being directly 
“analgesic,” sleep might assist in the maintenance or reset-
ting of pain inhibitory processes, which apparently can be 
reduced in association with experimental sleep restriction or 
associated with habitual short sleeping.

At this time, perhaps the major milestone in research, 
about whether improving sleep can reduce pain, is the rec-
ognition that interventions targeting only pain or only sleep 
and subsequently only measuring pain or sleep outcomes, 
respectively, are inadequate to address both comorbidities. 
To that end, the results of a pilot study have shown feasibil-
ity for combining CBT for pain with CBT-I in patients with 
chronic pain and insomnia. Preliminary results did not sup-
port the superiority of the combined approach over CBT-I for 
improving sleep, fatigue and mood, or for CBT for improv-
ing pain outcomes [95]. Based only on findings of a single 
small feasibility study, it is premature to evaluate whether 
a combination of CBT-pain and CBT-I will improve out-
comes, but such studies do hold promise for future research. 
However, given observations above in patients with chronic 
pain, combination therapies addressing presleep arousal and 
mood, are likewise important to consider in future studies. 
Although there are few milestones to acknowledge about 
therapies for sleep having a positive impact on pain percep-
tion, there is increasing interest among investigators from 
many disciplines in addressing this question.

Summary and Recommendations

Evidence from self-reported data support a cyclical model 
of pain-poor sleep pain in chronic pain, but data from objec-
tive measures of sleep are less convincing. More research is 
required to elucidate the nature of sleep disturbance and pain 
using both self-report and objective measures of sleep and 

baseline and evoked measures of pain in patients with dif-
ferent types of chronic pain. Far less is known about the na-
ture and extent of sleep disturbance, for example, in chronic 
back pain, chronic neuropathic pain, complex regional pain 
syndrome, and even in sleep disturbance pain in cancer sur-
vivors. There is increasing evidence that patients with some 
types of chronic pain show evidence of brain degeneration 
and atrophy [1], which would make the design of interven-
tions to improve sleep and pain more complex and challeng-
ing. Studies are needed that test the efficacy of interventions 
focused on both reducing pain and improving sleep with a 
goal of improving functional health outcomes in patients 
with these comorbidities.
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