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Abstract
Fibromyalgia (FM) is a common condition characterized by chronic musculoskeletal pain. Sleep disturbances, such 

as reduction of Slow Wave Sleep (SWS) and alpha wave intrusion in non-Rapid Eye Movement (non-REM) sleep, are 
a main feature of FM and are related to alterations of central nervous system, autonomic nervous system and endocrine 
system. Improving sleep quality can significantly reduce patient reported symptoms. Polysomnographic findings support 
the hypothesis of a vicious circle of sleep disturbances, impaired sympathetic and nociceptive pathways and chronic pain. 
Despite better understanding of underlying pathophysiological processes, there is currently limited data about effectiveness 
of available pharmacological therapies for sleep. All the three drugs currently licensed by US Food and Drug Administration 
(FDA) and European Medicines Agency (EMA) for treating FM (duloxetine, milnacipran and particularly pregabalin) can 
improve sleep quality in these patients. Other drugs, like gabapentin, sodium oxybate, cyclobenzaprine and cannabinoids, 
can be beneficial for FM-related sleep disturbances, but more evidence needs to be collected for their use to be possibly 
recommended. Non-pharmacological treatments aimed at improving sleep hygiene can still be considered the mainstay 
intervention for sleep disturbances in FM, relying on an all-round assessment of patients’ clinical history and comorbidities. 
Further studies are needed to fully investigate efficacy and safety of promising therapies.

Keywords: Fibromyalgia; Sleep; Non-restorative sleep; 
Polysomnography; Pain management; Autonomic nervous system

Abbreviations: FM: Fibromyalgia; EEG: Electroencepha-
lography; EMG: Electromyography; EOG: Electrooculography; 
REM: Rapid Eye Movement; SWS: Slow Wave Sleep; CAP: 
Cyclic Alternating Pattern; PLM: Periodic Limbs Movements; 
CNS: Central Nervous System; fMRI: functional Magnetic Reso-
nance; 5-HT: 5-Hydroxytryptamine; HR: Heart Rate; HFRR: High 
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IGF-1: Insulin-like Growth Factor-1; OSA: Obstructive Sleep 
Apnea; GERD: Gastroesophageal Reflux Disease; THC: delta-9-
Tetrahydrocannabinol; CB1: Cannabinoid receptor type 1

Introduction
Fibromyalgia (FM) is a common condition characterized 

by chronic diffuse musculoskeletal pain. FM patients can suffer 
from a wide range of symptoms, including physical exhaustion, 
depression or mood disorders, stiffness and cognitive difficulties. 
Its pathogenesis is poorly understood, but an impairment in pain 
processing by both central and peripheral nervous system has been 
suggested to have a pivotal role [1]. FM represents a major public 
health issue, with an esteemed prevalence of 0.2- 6.6% [2] and a 
substantial associated socioeconomic burden [3,4].

A large percentage of FM patients complain about sleep 
disturbances, particularly difficulties in falling or staying asleep, 
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early morning awakenings and non-restorative sleep. A 1998 study 
showed that 75-90% of FM patients reported non restorative sleep 
[5], while sleep disturbances were reported by 94.7% of subjects in 
a 2008 prospective study on almost 500 FM patients [6]. Frequent 
awakenings at night, dissatisfaction with sleep and difficulties 
falling asleep are the most frequently reported symptoms [7]. 
In 2009, fatigue and sleep disturbance were recognized by the 
OMERACT (Outcome Measures in Rheumatoid Arthritis Clinical 
Trials, then renamed Outcome Measures in Rheumatology) as key 
elements needing to be assessed in all clinical trials of FM [8]; 
accordingly, in 2010 non-restorative sleep was included in the 
Preliminary Diagnostic Criteria for Fibromyalgia by the American 
College of Rheumatology (ACR) [9]. A further acknowledgment 
of the centrality of sleep in FM pathophysiology was the inclusion 
of feeling unrefreshed upon waking as a key symptom in the 
Sufficiently high Symptom Severity scale (SSS) score [10].

The aim of this review is to summarize current evidence 
regarding correlations of sleep disturbances with other symptoms, 
particularly pain, in FM, and the pathophysiological basis of 
this relationship. In February 2020, we searched the PubMed/
Medline, Cochrane library and Enbase/Medline databases for 
studies regarding this matter. We particularly focused on currently 
available data regarding pharmacological and non-pharmacological 
interventions capable of improving sleep and sleep-related quality 
of life in FM. However, the information is not the report of meta-
analysis research and should not be considered as such.

Sleep Physiology

Sleep physiology is best studied by means of 
polysomnography (PSG), which includes assessment of brain 
activity through electroencephalography (EEG), skeletal muscle 
tone through electromyography (EMG) and eye movements 
through electrooculography (EOG). According to PSG, sleep is 
divided into two main stages, namely rapid eye movement (REM) 
sleep and non-REM sleep. REM sleep is thought to be involved 
in synaptic plasticity, memory consolidation and problem solving, 
and is characterized by desynchronized (low-voltage and mixed-
frequency) waves, as well as theta activity (with frequency of 3-7 
Hz), “sawtooth” waves and slow alpha waves (8-13 Hz), with 
concurrent skeletal muscle atony (with the exception of breathing 
muscles) and bursts of rapid eye movement. This is the stage 
associated with dreaming. On the other hand, non-REM sleep is 
classified in three stages: N1 (light sleep), mainly characterized 
by theta waves; N2 (intermediate sleep), characterized by sleep 
spindles and K complexes; N3 (deep sleep or slow wave sleep, 

SWS), characterized by slow delta waves (0.5-2 Hz) [11]. SWS 
physiologically represents around 20% of total sleep duration and 
is considered essential in granting physical and mental restoration 
and preserving physiological functions, including heart rate, blood 
pressure and regulation of many neuroendocrine paths [12].

Alterations of Sleep Physiology in Fibromyalgia

There is a well-known correlation between chronic pain and 
sleep disturbance. Patients with chronic pain mostly have reduction 
in SWS, due to micro arousals and sleep fragmentation [13,14]. In 
fact, pain worsens sleep quality by delaying the onset and increasing 
fragmentation of sleep [5]. On the other hand, deprivation of REM 
sleep and, more so, SWS can increase perception of pain, while 
increasing SWS duration can exert significant analgesic effect 
[15]. Disruption of REM sleep and SWS, as well as delayed sleep 
onset and poorer sleep efficiency, have been observed in many 
studies involving polysomnography conducted on FM patients 
[13,16-19], and their key role in reducing pain tolerance has been 
confirmed by several experimental studies [20,21].

There is evidence that in FM more serious sleep disorders 
are correlated with worsened pain perception and that patients 
report increased pain after more difficult nights [6,22]; inherently, 
sleep deprivation has been shown to reduce pain threshold, while 
undisturbed sleep brings pain threshold back to the baseline [23]. 
FM patients affected by increased daytime somnolence have 
been found to have higher number of tender points and to report 
increased pain and fatigue [16,24].

Another common EEG anomaly in FM patients is intrusion 
of alpha activity in non-REM stages [13,14,25,26], which has also 
been found in patients with chronic fatigue syndrome, as well as 
in several other diseases characterized by unrefreshing sleep [27]. 
Alpha waves intrusion in non-REM sleep is usually interpreted 
as marker of arousals or disturbed sleep [28]; however, its exact 
meaning is not fully understood, as its effect on maintaining or 
disrupting sleep may be dependent on the specific cerebral areas 
involved [25].

A study published in 1999 also found increased incidence 
of periodic breathing in patients with FM, which could contribute 
to poor sleep complained by the patients [16]; a subsequent study 
evidenced a high frequency of Cyclic Alternating Pattern (CAP), 
and particularly CAP phases A2 and A3, which are a periodic EEG 
sleep marker that can suggest sleep instability or poor sleep quality 
[30] (Figures 1 and 2). Finally, some studies showed reduced sleep 
spindles in N2 stage compared to healthy controls [31,32].
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Figure 1: Periodic breathing and the Cyclic Alternating Pattern (CAP) in a patient with fibromyalgia; A and B correspond to Phase A 
and Phase B of CAP cycles. Oculo: electrooculogram; EMG: Submental Electromyogram; ECG: Electrocardiogram; NAF: Naso-Oral 
Airflow; THO: thoracic Effort; ABD: Respiratory Abdominal Effort; SAO2: percentage of Oxygen Saturation.

Figure 2: Sleep histograms of 5 patients with FM. The black dots correspond to sequences of the cyclic alternating pattern; black lines 
correspond to the periodic breathing sequences. REM: Rapid Eye Movement; NREM:  Non-Rapid Eye Movement; W: Wake.
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Another sleep disturbance correlated with FM are Periodic 
Limb Movements (PLM) [33-35], which are defined as repetitive 
cramping or jerking of the legs induced by an urge to move them 
during sleep. The high incidence of PLM syndrome in FM is 
probably related to increased nociceptive input [36]. CAP has 
been frequently observed in FM patients with PLM and these two 
conditions [37].

Mechanisms Underlying Sleep Difficulties in Fibromyalgia

Neurotransmission anomalies, altered circadian rhythms, 
alterations in endocrine homeostasis, mood disorders and impaired 
response to stress concur in FM pathogenesis and can explain 
the wide heterogeneity of FM phenotypes [38]; sleep disorders 
share a complex biunivocal relation to all of these aspects of the 
syndrome. Physiopathology of FM and sleep disturbances has 
been investigated in both humans and in animal models [39].

A common feature in FM is pain elicited even by light pressure 
exerted on so-called tender points (allodinia), as well as increased 
nociceptive perception evoked by harmful stimuli (hyperalgesia) 
[40]. These phenomena have been explained as manifestations 
of central nervous system (CNS) hypersensitization, which may 
be defined as increased brain activation in response to sensitive 
stimulation. In fact, physical manifestations of FM are very similar 
to those found in patients affected by chronic neuropathic pain 
[41]. Studies employing functional magnetic resonance (fMRI) 
found that painful stimulation on FM patients lead to activation of 
the same pathways involved in pain processing in normal subjects, 
but brain responses in FM patients were evoked by much lesser 
stimuli than those needed to elicit pain in normal controls [42].

Hypersensitization is usually interpreted as a maladaptive 
response to peripheral lesions, which leads to excessive CNS 
reactivity to sensitive stimuli and to persistence of pain even 
after the end of the stimulation [43]. Its pathogenesis is probably 
related to anomalies in the spinal ascending pain pathways, 
including excessive excitatory stimulation by neurotransmitters 
such as glutamate, substance P and nerve growth factor [38]. In 
addition, dysregulation of both serotoninergic and noradrenergic 
spinal descending inhibitory pathways is probably implicated in 
processes of central sensitization in FM; decreased levels of both 
5-HT and norepinephrine have been found in spinal fluid of FM 
patients [44]. It has already been discussed how SWS deprivation 

has been associated with both central sensitization to pain and 
worsening of perceived musculoskeletal disturbs [15,20,27].

Moreover, decreased serotonin levels are associated with 
insomnia and increased sensitivity to pain in both animals and 
humans [45]. Reduced serotoninergic stimulation is also correlated 
with higher levels of substance P (SP) [46]. SP is a polypeptide 
acting as neurotransmitter and neuromodulator, which is involved 
in many physiological processes, including pain transmission and 
sensitization [47], mood regulation, memory, anxiety and sleep 
[48]. Increased levels of SP have been detected in cerebrospinal 
fluid of FM patients [38]. Intracerebral ventricular administration 
of SP in mice was found to increase sleep latency and awakenings 
[49]; therefore, it could be argued that raised levels of SP in FM 
patients could contribute to both sleep disturbances and pain.

Along with alterations of sensitive pathways, FM is also 
characterized by functional alteration of the autonomic nervous 
system (ANS) [50]. More precisely, in patients with FM both 
persistent ANS hyperactivation and reduced stress responses 
have been observed; this may be explained by downregulation of 
beta-adrenergic receptors following continuous over-stimulation 
[51]. In fact, FM patients have markers of increased sympathetic 
cardiovascular activity, including higher heart rate (HR), higher 
low frequency/high frequency ratio (which provides an index for 
evaluating sympathetic and parasympathetic interactions with 
sinoatrial node) [52] and reduced high frequency component of 
RR variability (HFRR) [53], but also excessive rate of syncope 
during tilting test [54]. As a whole, these findings suggest an 
overall increase in sympathetic cardiovascular stimulation at 
rest and an impairment in sympathetic responses in tilting test. 
Sleep disturbances in FM patients may significantly contribute to 
dysregulation of autonomic control on neurovegetative homeostasis, 
due to the well-known relationship between markers of sympathetic 
activation and both CAP [54] and spontaneous periodic breathing 
[55]. On the other hand, the baroreceptor system is involved in 
modulating ascending pain inhibition pathways, thus explaining 
the correlation between reduced baroreflex function and increased 
nociceptive sensitivity in FM [56]. Correlations between sleep 
disturbances (including CAP and PB) and pain in FM can thus be 
described as a vicious circle, in which painful exacerbations drive 
increased sympathetic activation and reduced sleep quality, which, 
in turn, cause a worsening in the patients’ symptoms (Figure 3).
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Figure 3: Vicious circle of sleep disturbances, impaired neurological and sympathetic pathways and pain sensitization in fibromyalgia.

Altered body circadian rhythms are known to affect pain 
perception and fatigue in FM [57]. A key role in circadian rhythm 
control is played by hypothalamus; in fact, dysregulation of many 
endocrinal axis has been reported in FM and has been investigated 
as probably involved in the pathogenesis its complex and multiform 
array of symptoms. First of all, alterations of hypothalamic-
hypophysial-adrenocortical axis have been observed in FM patients 
[58-60], probably due to an impairment in the hypothalamic or 
CNS response to stressing stimuli [61]. Hypocortisolemia in FM is 
not associated with structural anomalies of endocrine glands, so it 
is probably a functional defect rather than an anatomical one; it has 
also been suggested that reduced hormone responses to stressors 
may represent an adaptive response to chronic pain [62]. Another 
common endocrine anomaly in these patients are decreased blood 
levels of growth hormone (GH) [63,64] and insulin-like growth 
factor-1 (IGF-1), also called somatomedin [65-67]. Nearly 70% of 
GH production occurs during sleep, particularly SWS. Coherently, 
it has been observed that reduced GH and IGF-1 production is 
associated with sleep fragmentation and alpha-wave intrusion 
during deep sleep [68,69], while not being associated with 
obstructive sleep apnea (OSA) in FM [70]. GH and IGF-1 are 
involved in muscle repair after microtraumas and in transmission 
of sensory stimuli from damaged muscles, therefore their 
downregulation could play a central role in pathogenesis of FM. 
This hypothesis was corroborated by interventional, randomized 
studies finding that GH replacement therapy significantly reduced 
pain perception and the number of tender points in FM patients 
[71-73]. An additional anomaly found in FM patients are increased 

levels of plasmatic melatonin, which have been interpreted as a 
possible marker of greater vulnerability of the hypothalamic-
hypophysis axis to functional alterations induced by physical or 
mental stress [74].

Finally, FM patients are often affected by mood disorders, 
which are known to have bidirectional relationship with sleep 
disturbances [75]. In fact, poor sleep quality is a risk factor for 
developing psychological disorders [76]; on the other hand, 
insomnia and other sleep disturbances are a key feature of many 
psychiatric diseases, including anxiety [77] and depression [78]. 
Additionally, a 2014 study found that patients with concurrent 
FM and depressive disorders were affected by worsened physical 
and mental symptoms compared to FM controls [79]. Therefore, 
it could be argued that sleep disturbances in FM can both enhance 
and be enhanced by mood disorders [80].

Treatment of Sleep Disturbances in Fibromyalgia

Assessment and treatment of sleep disturbances in FM is 
of primary importance, due to their high frequency, their serious 
impact on the quality of life and their close correlation with the 
other main symptoms of the syndrome (namely musculoskeletal 
pain, affective disorders and exhaustion). FM symptoms are 
often difficult to be treated effectively, with scarce response to 
conventional analgesic and hypnotic drugs, hence the necessity 
of a multidisciplinary approach combining both pharmacological 
and non-pharmacological (physical, cognitive, environmental 
and educational) interventions [81]. An appropriate strategy 



Citation: Rizzi M, Sarzi-Puttini P, Giorgi V, Radovanovic D, Pini S, et al. (2020) Correlations between Sleep Disturbances and Pain in Fibromyalgia: An Updated Review. 
Chron Pain Manag 4: 124. DOI: 10.29011/2576-957X.100024

6 Volume 4; Issue 01
Chron Pain Manag, an open access journal
ISSN: 2576-957X

would necessarily comprehend adequate evaluation of clinical 
history, including comorbidities, sleep habits and lifestyle [81,82]. 
Specifically, it is recommended to rule out comorbidities which 
can worsen sleep-related symptoms, such as OSA, congestive heart 
failure, restless legs syndrome or Gastroesophageal Reflux Disease 
(GERD), and to investigate environmental conditions during sleep 
(e.g. noise, snoring partners, troublesome light sources). Promotion 
of good sleep hygiene practice can prove useful; for example, it 
should be suggested to reduce assumption of stimulants (such as 
caffeine, theine, nicotine or other drugs) or alcohol before bedtime, 
as well as to sleep an appropriate number of hours, to maintain 
regular sleep-waking rhythms (even at weekends) and to avoid 
demanding or stressful activities before rest [83].

Availability of safe effective pharmacological treatment for 
FM is still, at least partially, an unmet need. There are currently 
3 drugs approved by US Food and Drug Administration (FDA) 
and European Medicines Agency (EMA) for this purpose: the 
anticonvulsant pregabalin and two serotonin and norepinephrine 
reuptake inhibitors (SNRIs), duloxetine and milnacipran. All these 
medications have demonstrated to exert a beneficial effect on sleep 
[84-86], even if they are not specifically approved for treatment of 
FM-related sleep disorders.

SNRIs can significantly improve fatigue, pain and mood 
disorders, but scarce data exist regarding effectiveness in improving 
sleep quality or sleep organization [87,88], suggesting that their 
beneficial action on sleep is mostly consequent to their analgesic 
effect [85].

 On the other hand, pregabalin seems more effective than 
SNRIs in enhancing sleep [89]; this may be explained by recent 
findings that pregabalin does improve sleep quality and sleep 
structure. In fact, a 2015 randomized controlled trial found that 
patients treated with pregabalin had decreased number of wake/
sleep bouts and increased sleep bout duration, with significant 
correlation with increased SWS [90]. Also gabapentin, a chemically 
related anticonvulsant, have proved to increase sleep quantity and 
quality [91].

The tricyclic antidepressant amitriptyline is also frequently 
employed to treat pain and sleep disturbances in FM, with records 
of good results in clinical practice; anyway, experimental data 
regarding its effectiveness are still lacking [92,93]. A recent 
Cochrane review found no studies regarding effectiveness of 
amitriptyline in treatment of sleep disturbances [94].

Other commonly prescribed medications for dealing with 
sleep disturbances in FM are benzodiazepines and so-called 
nonbenzodiazepine Z-drugs, such as zolpidem and zopiclone. 
However, these drugs have very limited effect on sleep structure 
and have been found to be scarcely effective in FM [95,96].

Sodium oxybate is a prodrug which is metabolized to gamma-
hydroxybutyrate and is effective in improving sleep architecture, 
while it has no direct analgesic effect. Despite that, several clinical 
trials show that sodium oxybate is also able to reduce pain in FM 
patients, thus reinforcing the assessment that sleep improvement 
is a key strategy for pain control in FM [97]. However, sodium 
oxybate is currently approved by FDA and EMA only for treating 
cataplexy and narcolepsy [98,99]. Inherently, also melatonin, a 
commonly prescribed drug for insomnia and jet lag, has been shown 
to reduce pain by modulating central nervous system inhibitory 
descendent pathways in FM patients, particularly when combined 
with amitriptyline [100]. Finally, clinical trials have found the 
myorelaxant cyclobenzaprine to be able to exert favorable effects 
on sleep quantity and quality in FM patients [101-103]. On the 
contrary, a recent study has pointed out that opioid medications 
negatively alter sleep architecture in FM patients, prompting 
greater sleep onset latency, greater duration of light sleep stages 
and shorter duration of SWS; these effects seemed to be enhanced 
in elderly patients and by higher drug doses [104]. It has been 
advocated that poor therapeutic response to opioids in FM is due 
to reduced μ-opioid receptors found in several areas of the brain, 
compared with healthy individuals [105,106].

Cannabinoids could prove another valuable tool for 
treating FM-related pain and sleep disturbance. A 2010 study 
found that nabilone, a synthetic drug with similar action to delta-
9-tetrahydrocannabinol (THC), was superior to amitriptyline 
in improving sleep quality in FM patients, but had no effect on 
pain or mood disorders; reported adverse events were similar to 
amitriptyline [107]. Many studies found that cannabinoids can 
improve sleep quality in patients affected by chronic pain [108]; 
limited evidence also suggests that THC can increase the amount 
of SWS [109]. This effect is probably due to modulation of sleep 
by presynaptic cannabinoid receptor type 1 (CB1) in cholinergic 
pathways in brainstem and basal forebrain, which are involved in 
sleep initiation and maintaining [110]. However, further data are 
needed in order to explore if cannabinoids could be a valid and 
safe therapy for treating FM.

Ultimately, due to scarcity of available data and to 
high clinical heterogeneity of FM, both pharmacological and 
nonpharmacological treatments should be tailored to patients, 
considering socioeconomic status, current and previous diseases 
and potential drugs’ side effects and interactions with other 
therapies [82].

Conclusion
Sleep disturbances have been established as a main feature 

in the complex array of symptoms in FM, with great impact on 
health-related quality of life. They are closely correlated with 
other symptoms commonly reported by FM patients, including 
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pain and fatigue, due to both common etiopathogenesis and to 
mutual interference of pathophysiological manifestations of this 
condition. It has also been established that correction of sleep 
disturbances may prove very beneficial in obtaining an overall 
improvement in symptoms and quality of life in FM[5].

Along with treatment with currently available drugs, an all-
round assessment of patients’ clinical history and comorbidities, 
together with factors (e.g. habits and drugs) interfering with sleep 
hygiene, should be recommended. In fact, evaluation of sleep 
should always be included in FM management, including studying 
sleep architecture by means of polysomnography.

Moreover, while many studies have been conducted 
regarding sleep disturbances in FM patients, insufficient data from 
clinical trials are available about effectiveness of pharmacological 
and nonpharmacological interventions in correcting such 
pathophysiological anomalies and their impact on quality of 
life. Lack of reliable information inevitably impairs physicians’ 
availability of effective treatment options. Therefore, non-
pharmacological therapies aimed at improving sleep hygiene can 
still be currently considered the first line treatment for sleep-related 
symptoms in FM. Further studies are thus needed to evaluate 
possible remedies for improving sleep quality in FM patients.

References
Bradley LA (2009) Pathophysiology of fibromyalgia. 1. Am J Med 122: 
S22-S30.

Marques AP, Santo ASDE, Berssaneti AA, Matsutani LA, Yuan SLK 2. 
(2017) Prevalence of fibromyalgia: literature review update. Rev Bras 
Reumatol Engl Ed 57: 356-363. 

Lacasse A, Bourgault P, Choinière M (2016) Fibromyalgia-related 3. 
costs and loss of productivity: a substantial societal burden. BMC Mu-
sculoskelet Disord 17: 168.

Chandran A, Schaefer C, Ryan K, Baik R, McNett M, et al. (2012) The 4. 
comparative economic burden of mild, moderate, and severe fibro-
myalgia: results from a retrospective chart review and cross-sectional 
survey of working-age U.S. adults. J Manag Care Pharm 18: 415-
426.  

Harding SM (1998) Sleep in fibromyalgia patients: subjective and ob-5. 
jective findings. Am J Med Sci 315: 367-376.

Bigatti SM, Hernandez AM, Cronan TA, Rand KL (2008) Sleep distur-6. 
bances in fibromyalgia syndrome: relationship to pain and depression. 
Arthritis Rheum 59: 961-967. 

Bengtsson A, Henriksson KG, Jorfeldt L, Kagedal B, Lennmarken C, 7. 
et al. (1986) Primary fibromyalgia. A clinical and laboratory study of 55 
patients. Scand J Rheumatol 15: 340-347. 

Mease P, Arnold LM, Choy EH, Clauw DJ, Crofford LJ, et al. 8. (2009) 
Fibromyalgia syndrome module at OMERACT 9: domain construct. J 
Rheumatol 36: 2318-2329. 

Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz RS, et al. 9. 
(2010) The American College of Rheumatology preliminary diagnostic 
criteria for fibromyalgia and measurement of symptom severity. Arthri-

tis Care Res (Hoboken) 62: 600-610.

Wolfe F, Hauser W (2011) Fibromyalgia diagnosis and diagnostic cri-10. 
teria. Ann Med 43: 495-502.

Carley DW, Farabi SS (2016) Physiology of Sleep. 11. Diabetes Spectr 
29: 5-9.

Choy EH (2015) The role of sleep in pain and fibromyalgia. 12. Nat Rev 
Rheumatol 11: 513-520.

Drewes AM, Nielsen KD, Taagholt SJ, Bjerregard K, Svendsen L, et al. 13. 
(1995) Sleep intensity in fibromyalgia: focus on the microstructure of 
the sleep process. Br J Rheumatol 34: 629-635.

Branco J, Atalaia A, Paiva T (1994) Sleep cycles and alpha-delta sleep 14. 
in fibromyalgia syndrome. J Rheumatol 21: 1113-1117.

Onen SH, Alloui A, Gross A, Eschallier A, Dubray C (2001) The ef-15. 
fects of total sleep deprivation, selective sleep interruption and sleep 
recovery on pain tolerance thresholds in healthy subjects. J Sleep Res 
10: 35-42.

Sergi M, Rizzi M, Braghiroli A, Sarzi Puttini P, Greco M, Cazzola M, 16. 
et al. (1999) Periodic breathing during sleep in patients affected by 
fibromyalgia syndrome. Eur Respir J 14: 203-208.

Diaz-Piedra C, Catena A, Sánchez AI, Miró E, Martínez MP, et al. 17. 
(2015) Sleep disturbances in fibromyalgia syndrome: the role of clini-
cal and polysomnographic variables explaining poor sleep quality in 
patients. Sleep Med 16: 917-925.

Roth T, Bhadra-Brown P, Pitman VW, Roehrs TA, Resnick EM (2016) 18. 
Characteristics of Disturbed Sleep in Patients With Fibromyalgia Com-
pared With Insomnia or With Pain-Free Volunteers. Clin J Pain 32: 
302-307.

Yeung WK, Morgan K, Mckenna F (2018) Comparison of sleep struc-19. 
ture and psychometric profiles in patients with fibromyalgia, osteoar-
thritis and healthy controls. J Sleep Res 27: 290-298.

Roehrs T, Hyde M, Blaisdell B, Greenwald M, Roth T (2006) Sleep loss 20. 
and REM sleep loss are hyperalgesic. Sleep 29: 145-151.

Moldofsky H, Scarisbrick P (1976) Induction of neurasthenic musculo-21. 
skeletal pain syndrome by selective sleep stage deprivation. Psycho-
som Med 38: 35-44. 

Affleck G, Urrows S, Tennen H, Higgins P, Abeles M (1996) Sequential 22. 
daily relations of sleep, pain intensity, and attention to pain among 
women with fibromyalgia. Pain 68: 363-368. 

Hamilton NA, Affleck G, Tennen H, Karlson C, Luxton D, et al. (2008) 23. 
Fibromyalgia: the role of sleep in affect and in negative event reactivity 
and recovery. Health Psychol 27: 490-497. 

Sarzi-Puttini P, Rizzi M, Andreoli A, Panni B, Pecis M, et al. (2002) Hyper-24. 
somnolence in fibromyalgia syndrome. Clin Exp Rheumatol 20: 69-72. 

Roizenblatt S, Moldofsky H, Benedito-Silva AA, Tufik S (2001) Alpha 25. 
sleep characteristics in fibromyalgia. Arthritis Rheum 44: 222-230.

Horne JA, Shackell BS (1991) Alpha-like EEG activity in non-REM 26. 
sleep and the fibromyalgia (fibrositis) syndrome. Electroencephalogr 
Clin Neurophysiol 79: 271-276. 

Moldofsky H (2008) The significance of the sleeping-waking brain for 27. 
the understanding of widespread musculoskeletal pain and fatigue in 
fibromyalgia syndrome and allied syndromes. Joint Bone Spine 75: 
397-402. 

https://www.ncbi.nlm.nih.gov/pubmed/19962493
https://www.ncbi.nlm.nih.gov/pubmed/19962493
https://www.ncbi.nlm.nih.gov/pubmed/28743363
https://www.ncbi.nlm.nih.gov/pubmed/28743363
https://www.ncbi.nlm.nih.gov/pubmed/28743363
https://www.ncbi.nlm.nih.gov/pubmed/27084363
https://www.ncbi.nlm.nih.gov/pubmed/27084363
https://www.ncbi.nlm.nih.gov/pubmed/27084363
https://www.ncbi.nlm.nih.gov/pubmed/22839682
https://www.ncbi.nlm.nih.gov/pubmed/22839682
https://www.ncbi.nlm.nih.gov/pubmed/22839682
https://www.ncbi.nlm.nih.gov/pubmed/22839682
https://www.ncbi.nlm.nih.gov/pubmed/22839682
https://www.ncbi.nlm.nih.gov/pubmed/9638893
https://www.ncbi.nlm.nih.gov/pubmed/9638893
https://www.ncbi.nlm.nih.gov/pubmed/18576297
https://www.ncbi.nlm.nih.gov/pubmed/18576297
https://www.ncbi.nlm.nih.gov/pubmed/18576297
https://www.ncbi.nlm.nih.gov/pubmed/3467425
https://www.ncbi.nlm.nih.gov/pubmed/3467425
https://www.ncbi.nlm.nih.gov/pubmed/3467425
https://www.ncbi.nlm.nih.gov/pubmed/19820221
https://www.ncbi.nlm.nih.gov/pubmed/19820221
https://www.ncbi.nlm.nih.gov/pubmed/19820221
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/20461783
https://www.ncbi.nlm.nih.gov/pubmed/21770697
https://www.ncbi.nlm.nih.gov/pubmed/21770697
https://www.ncbi.nlm.nih.gov/pubmed/26912958
https://www.ncbi.nlm.nih.gov/pubmed/26912958
https://www.ncbi.nlm.nih.gov/pubmed/25907704
https://www.ncbi.nlm.nih.gov/pubmed/25907704
https://www.ncbi.nlm.nih.gov/pubmed/7670781
https://www.ncbi.nlm.nih.gov/pubmed/7670781
https://www.ncbi.nlm.nih.gov/pubmed/7670781
https://www.ncbi.nlm.nih.gov/pubmed/7932424
https://www.ncbi.nlm.nih.gov/pubmed/7932424
https://www.ncbi.nlm.nih.gov/pubmed/11285053
https://www.ncbi.nlm.nih.gov/pubmed/11285053
https://www.ncbi.nlm.nih.gov/pubmed/11285053
https://www.ncbi.nlm.nih.gov/pubmed/11285053
https://www.ncbi.nlm.nih.gov/pubmed/10489852
https://www.ncbi.nlm.nih.gov/pubmed/10489852
https://www.ncbi.nlm.nih.gov/pubmed/10489852
https://www.ncbi.nlm.nih.gov/pubmed/26070854
https://www.ncbi.nlm.nih.gov/pubmed/26070854
https://www.ncbi.nlm.nih.gov/pubmed/26070854
https://www.ncbi.nlm.nih.gov/pubmed/26070854
https://www.ncbi.nlm.nih.gov/pubmed/26035524
https://www.ncbi.nlm.nih.gov/pubmed/26035524
https://www.ncbi.nlm.nih.gov/pubmed/26035524
https://www.ncbi.nlm.nih.gov/pubmed/26035524
https://www.ncbi.nlm.nih.gov/pubmed/28799194
https://www.ncbi.nlm.nih.gov/pubmed/28799194
https://www.ncbi.nlm.nih.gov/pubmed/28799194
https://www.ncbi.nlm.nih.gov/pubmed/16494081
https://www.ncbi.nlm.nih.gov/pubmed/16494081
https://www.ncbi.nlm.nih.gov/pubmed/176677
https://www.ncbi.nlm.nih.gov/pubmed/176677
https://www.ncbi.nlm.nih.gov/pubmed/176677
https://www.ncbi.nlm.nih.gov/pubmed/9121825
https://www.ncbi.nlm.nih.gov/pubmed/9121825
https://www.ncbi.nlm.nih.gov/pubmed/9121825
https://www.ncbi.nlm.nih.gov/pubmed/18643007
https://www.ncbi.nlm.nih.gov/pubmed/18643007
https://www.ncbi.nlm.nih.gov/pubmed/18643007
https://www.ncbi.nlm.nih.gov/pubmed/11892714
https://www.ncbi.nlm.nih.gov/pubmed/11892714
https://www.ncbi.nlm.nih.gov/pubmed/11212164
https://www.ncbi.nlm.nih.gov/pubmed/11212164
https://www.ncbi.nlm.nih.gov/pubmed/1717231
https://www.ncbi.nlm.nih.gov/pubmed/1717231
https://www.ncbi.nlm.nih.gov/pubmed/1717231
https://www.ncbi.nlm.nih.gov/pubmed/18456536
https://www.ncbi.nlm.nih.gov/pubmed/18456536
https://www.ncbi.nlm.nih.gov/pubmed/18456536
https://www.ncbi.nlm.nih.gov/pubmed/18456536


Citation: Rizzi M, Sarzi-Puttini P, Giorgi V, Radovanovic D, Pini S, et al. (2020) Correlations between Sleep Disturbances and Pain in Fibromyalgia: An Updated Review. 
Chron Pain Manag 4: 124. DOI: 10.29011/2576-957X.100024

8 Volume 4; Issue 01
Chron Pain Manag, an open access journal
ISSN: 2576-957X

Lentz MJ, Landis CA, Rothermel J, Shaver JL (1999) Effects of selec-28. 
tive slow wave sleep disruption on musculoskeletal pain and fatigue in 
middle aged women. J Rheumatol 26: 1586-1592. 

Pivik RT, Harman K (1995) A reconceptualization of EEG alpha activity 29. 
as an index of arousal during sleep:  all alpha activity is not equal. J 
Sleep Res 4: 131-137. 

Rizzi M, Sarzi-Puttini P, Atzeni F, Capsoni F, Andreoli A, et al. 30. (2004) 
Cyclic alternating pattern: a new marker of sleep alteration in patients 
with fibromyalgia? J Rheumatol 31: 1193-1199. 

Landis CA, Lentz MJ, Rothermel J, Buchwald D, Shaver JLF (2004) 31. 
Decreased sleep spindles and spindle activity in midlife women with 
fibromyalgia and pain. Sleep 27: 741-750. 

Burns JW, Crofford LJ, Chervin RD (2008) Sleep stage dynamics in 32. 
fibromyalgia patients and controls. Sleep Med 9: 689-696.

Tayag-Kier CE, Keenan GF, Scalzi LV, Schultz B, Elliott J, et al. (2000) 33. 
Sleep and periodic limb movement in sleep in juvenile fibromyalgia. 
Pediatrics 106: E70.

Moldofsky H, Tullis C, Lue FA (1986) Sleep related myoclonus in rheu-34. 
matic pain modulation disorder (fibrositis syndrome). J Rheumatol 13: 
614-617. 

MacFarlane JG, Shahal B, Mously C, Moldofsky H (1996) Periodic K-35. 
alpha sleep EEG activity and periodic limb movements during sleep: 
comparisons of clinical features and sleep parameters. Sleep 19: 200-
204. 

Merlino G, Dolso P, Canesin R, Cancelli I, Valente M, et al. 36. (2006) 
The acute effect of a low dosage of pramipexole on severe idiopathic 
restless legs syndrome: an open-label trial. Neuropsychobiology 54: 
195-200. 

Parrino L, Halasz P, Tassinari CA, Terzano MG (2006) CAP, epilepsy 37. 
and motor events during sleep: the unifying role of arousal. Sleep Med 
Rev 10: 267-285.

Becker S, Schweinhardt P (2012) Dysfunctional neurotransmitter sys-38. 
tems in fibromyalgia, their role in central stress circuitry and pharma-
cological actions on these systems. Pain Res Treat 2012: 741-746. 

Frange C, Hirotsu C, Hachul H, Araujo P, Tufik S, et al. (2014) Fibro-39. 
myalgia and sleep in animal models: a current overview and future 
directions. Curr Pain Headache Rep 18: 434. 

Sluka KA, Clauw DJ (2016) Neurobiology of fibromyalgia and chronic 40. 
widespread pain. Neuroscience 338: 114-129. 

Koroschetz J, Rehm SE, Gockel U, Brosz M, Freynhagen R, et al. 41. 
(2011) Fibromyalgia and neuropathic pain--differences and similari-
ties. A comparison of 3057 patients with diabetic painful neuropathy 
and fibromyalgia. BMC Neurol 11: 55.

Gracely RH, Petzke F, Wolf JM, Clauw DJ (2002) Functional magnetic 42. 
resonance imaging evidence of augmented pain processing in fibro-
myalgia. Arthritis Rheum 46: 1333-1343. 

Costigan M, Scholz J, Woolf C (2009) Neuropathic Pain: A Maladap-43. 
tive Response of the Nervous System to Damage. Annu Rev Neurosci 
32: 1-32. 

Russell IJ, Vaeroy H, Javors M, Nyberg F (1992) Cerebrospinal fluid 44. 
biogenic amine metabolites in fibromyalgia/fibrositis syndrome and 
rheumatoid arthritis. Arthritis Rheum 35: 550-556. 

Moldofsky H (1982) Rheumatic pain modulation syndrome: the inter-45. 
relationships between sleep, central nervous system serotonin, and 
pain. Adv Neurol 33: 51-57. 

Schwarz MJ, Spath M, Muller-Bardorff H, Pongratz DE, Bondy B, Ack-46. 
enheil M, et al. (1999) Relationship of substance P, 5-hydroxyindole 
acetic acid and tryptophan in serum of fibromyalgia patients. Neurosci 
Lett 259: 196-198.

Zieglgansberger W (2019) Substance P and pain chronicity. 47. Cell Tis-
sue Res 375: 227-241. 

Lieb K, Ahlvers K, Dancker K, Strohbusch S, Reincke M, et al. (2002) 48. 
Effects of the neuropeptide substance P on sleep, mood, and neu-
roendocrine measures in healthy young men. Neuropsychopharma-
cology 27: 1041-1049. 

Andersen ML, Nascimento DC, Machado RB, Roizenblatt S, Moldof-49. 
sky H, et al. (2006) Sleep disturbance induced by substance P in mice. 
Behav Brain Res 167: 212-218.

Kulshreshtha P, Deepak KK (2013) Autonomic nervous system profile 50. 
in fibromyalgia patients and its modulation by exercise: a mini review. 
Clin Physiol Funct Imaging 33: 83-91. 

Martinez-Lavin M, Vargas A (2009) Complex adaptive systems allosta-51. 
sis in fibromyalgia. Rheum Dis Clin North Am 35: 285-298. 

Furlan R, Colombo S, Perego F, Atzeni F, Diana A, et al. 52. (2005) Ab-
normalities of cardiovascular neural control and reduced orthostatic 
tolerance in patients with primary fibromyalgia. J Rheumatol 32: 1787-
1793. 

Rizzi M, Radovanovic D, Santus P, Airoldi A, Frassanito F, et al. 53. (2017) 
Influence of autonomic nervous system dysfunction in the genesis of 
sleep disorders in fibromyalgia patients. Clin Exp Rheumatol 105: 74-
80.

Kondo H, Ozone M, Ohki N, Sagawa Y, Yamamichi K, et al. 54. (2014) As-
sociation between heart rate variability, blood pressure and autonomic 
activity in cyclic alternating pattern during sleep. Sleep 37: 187-194. 

Binggeli C, Sudano I, Corti R, Spieker L, Jenni R, et al. 55. (2010) Spon-
tanous periodic breathing is associated with sympathetic hyperreac-
tivity and baroreceptor dysfunction in hypertension. J Hypertens 28: 
985-992. 

Reyes del Paso GA, Garrido S, Pulgar A, Duschek S (2011) Autonomic 56. 
cardiovascular control and responses to experimental pain stimulation 
in fibromyalgia syndrome. J Psychosom Res 70: 125-134. 

Klerman EB, Goldenberg DL, Brown EN, Maliszewski AM, Adler GK 57. 
(2001) Circadian rhythms of women with fibromyalgia. J Clin Endocri-
nol Metab 86: 1034-1039. 

Adler GK, Kinsley BT, Hurwitz S, Mossey CJ, Goldenberg DL (1999) 58. 
Reduced hypothalamic-pituitary and sympathoadrenal responses to 
hypoglycemia in women with fibromyalgia syndrome. Am J Med 106: 
534-543. 

Buskila D, Press J (2001) Neuroendocrine mechanisms in fibromyal-59. 
gia-chronic fatigue. Best Pract Res Clin Rheumatol 15: 747-758. 

Demitrack MA, Crofford LJ (1998) Evidence for and pathophysiologic 60. 
implications of hypothalamic-pituitary-adrenal axis dysregulation in 
fibromyalgia and chronic fatigue syndrome. Ann N Y Acad Sci 840: 
684-697. 

https://www.ncbi.nlm.nih.gov/pubmed/10405949
https://www.ncbi.nlm.nih.gov/pubmed/10405949
https://www.ncbi.nlm.nih.gov/pubmed/10405949
https://www.ncbi.nlm.nih.gov/pubmed/10607151
https://www.ncbi.nlm.nih.gov/pubmed/10607151
https://www.ncbi.nlm.nih.gov/pubmed/10607151
https://www.ncbi.nlm.nih.gov/pubmed/15170935
https://www.ncbi.nlm.nih.gov/pubmed/15170935
https://www.ncbi.nlm.nih.gov/pubmed/15170935
https://www.ncbi.nlm.nih.gov/pubmed/15283010
https://www.ncbi.nlm.nih.gov/pubmed/15283010
https://www.ncbi.nlm.nih.gov/pubmed/15283010
https://www.ncbi.nlm.nih.gov/pubmed/18314389
https://www.ncbi.nlm.nih.gov/pubmed/18314389
https://www.ncbi.nlm.nih.gov/pubmed/11061807
https://www.ncbi.nlm.nih.gov/pubmed/11061807
https://www.ncbi.nlm.nih.gov/pubmed/11061807
https://www.ncbi.nlm.nih.gov/pubmed/3461158
https://www.ncbi.nlm.nih.gov/pubmed/3461158
https://www.ncbi.nlm.nih.gov/pubmed/3461158
https://www.ncbi.nlm.nih.gov/pubmed/8723376
https://www.ncbi.nlm.nih.gov/pubmed/8723376
https://www.ncbi.nlm.nih.gov/pubmed/8723376
https://www.ncbi.nlm.nih.gov/pubmed/8723376
https://www.ncbi.nlm.nih.gov/pubmed/17314491
https://www.ncbi.nlm.nih.gov/pubmed/17314491
https://www.ncbi.nlm.nih.gov/pubmed/17314491
https://www.ncbi.nlm.nih.gov/pubmed/17314491
https://www.ncbi.nlm.nih.gov/pubmed/16809057
https://www.ncbi.nlm.nih.gov/pubmed/16809057
https://www.ncbi.nlm.nih.gov/pubmed/16809057
https://www.ncbi.nlm.nih.gov/pubmed/22110944
https://www.ncbi.nlm.nih.gov/pubmed/22110944
https://www.ncbi.nlm.nih.gov/pubmed/22110944
https://www.ncbi.nlm.nih.gov/pubmed/24908494
https://www.ncbi.nlm.nih.gov/pubmed/24908494
https://www.ncbi.nlm.nih.gov/pubmed/24908494
https://www.ncbi.nlm.nih.gov/pubmed/27291641
https://www.ncbi.nlm.nih.gov/pubmed/27291641
https://www.ncbi.nlm.nih.gov/pubmed/21612589
https://www.ncbi.nlm.nih.gov/pubmed/21612589
https://www.ncbi.nlm.nih.gov/pubmed/21612589
https://www.ncbi.nlm.nih.gov/pubmed/21612589
https://www.ncbi.nlm.nih.gov/pubmed/12115241
https://www.ncbi.nlm.nih.gov/pubmed/12115241
https://www.ncbi.nlm.nih.gov/pubmed/12115241
https://www.ncbi.nlm.nih.gov/pubmed/19400724
https://www.ncbi.nlm.nih.gov/pubmed/19400724
https://www.ncbi.nlm.nih.gov/pubmed/19400724
https://www.ncbi.nlm.nih.gov/pubmed/1374252
https://www.ncbi.nlm.nih.gov/pubmed/1374252
https://www.ncbi.nlm.nih.gov/pubmed/1374252
https://www.ncbi.nlm.nih.gov/pubmed/6948519
https://www.ncbi.nlm.nih.gov/pubmed/6948519
https://www.ncbi.nlm.nih.gov/pubmed/6948519
https://www.ncbi.nlm.nih.gov/pubmed/10025591
https://www.ncbi.nlm.nih.gov/pubmed/10025591
https://www.ncbi.nlm.nih.gov/pubmed/10025591
https://www.ncbi.nlm.nih.gov/pubmed/10025591
https://www.ncbi.nlm.nih.gov/pubmed/30284083
https://www.ncbi.nlm.nih.gov/pubmed/30284083
https://www.ncbi.nlm.nih.gov/pubmed/12464461
https://www.ncbi.nlm.nih.gov/pubmed/12464461
https://www.ncbi.nlm.nih.gov/pubmed/12464461
https://www.ncbi.nlm.nih.gov/pubmed/12464461
https://www.ncbi.nlm.nih.gov/pubmed/16223534
https://www.ncbi.nlm.nih.gov/pubmed/16223534
https://www.ncbi.nlm.nih.gov/pubmed/16223534
https://www.ncbi.nlm.nih.gov/pubmed/23383685
https://www.ncbi.nlm.nih.gov/pubmed/23383685
https://www.ncbi.nlm.nih.gov/pubmed/23383685
https://www.ncbi.nlm.nih.gov/pubmed/19647143
https://www.ncbi.nlm.nih.gov/pubmed/19647143
https://www.ncbi.nlm.nih.gov/pubmed/16142879
https://www.ncbi.nlm.nih.gov/pubmed/16142879
https://www.ncbi.nlm.nih.gov/pubmed/16142879
https://www.ncbi.nlm.nih.gov/pubmed/16142879
https://www.ncbi.nlm.nih.gov/pubmed/28681708
https://www.ncbi.nlm.nih.gov/pubmed/28681708
https://www.ncbi.nlm.nih.gov/pubmed/28681708
https://www.ncbi.nlm.nih.gov/pubmed/28681708
https://www.ncbi.nlm.nih.gov/pubmed/24470707
https://www.ncbi.nlm.nih.gov/pubmed/24470707
https://www.ncbi.nlm.nih.gov/pubmed/24470707
https://www.ncbi.nlm.nih.gov/pubmed/20150822
https://www.ncbi.nlm.nih.gov/pubmed/20150822
https://www.ncbi.nlm.nih.gov/pubmed/20150822
https://www.ncbi.nlm.nih.gov/pubmed/20150822
https://www.ncbi.nlm.nih.gov/pubmed/21262414
https://www.ncbi.nlm.nih.gov/pubmed/21262414
https://www.ncbi.nlm.nih.gov/pubmed/21262414
https://www.ncbi.nlm.nih.gov/pubmed/11238482
https://www.ncbi.nlm.nih.gov/pubmed/11238482
https://www.ncbi.nlm.nih.gov/pubmed/11238482
https://www.ncbi.nlm.nih.gov/pubmed/10335725
https://www.ncbi.nlm.nih.gov/pubmed/10335725
https://www.ncbi.nlm.nih.gov/pubmed/10335725
https://www.ncbi.nlm.nih.gov/pubmed/10335725
https://www.ncbi.nlm.nih.gov/pubmed/11812019
https://www.ncbi.nlm.nih.gov/pubmed/11812019
https://www.ncbi.nlm.nih.gov/pubmed/9629295
https://www.ncbi.nlm.nih.gov/pubmed/9629295
https://www.ncbi.nlm.nih.gov/pubmed/9629295
https://www.ncbi.nlm.nih.gov/pubmed/9629295


Citation: Rizzi M, Sarzi-Puttini P, Giorgi V, Radovanovic D, Pini S, et al. (2020) Correlations between Sleep Disturbances and Pain in Fibromyalgia: An Updated Review. 
Chron Pain Manag 4: 124. DOI: 10.29011/2576-957X.100024

9 Volume 4; Issue 01
Chron Pain Manag, an open access journal
ISSN: 2576-957X

Adler GK, Manfredsdottir VF, Creskoff KW (2002) Neuroendocrine ab-61. 
normalities in fibromyalgia. Curr Pain Headache Rep 6: 289-298. 

Tanriverdi F, Karaca Z, Unluhizarci K, Kelestimur F (2007) The hypo-62. 
thalamo-pituitary-adrenal axis in chronic fatigue syndrome and fibro-
myalgia syndrome. Stress 10: 13-25. 

Paiva ES, Deodhar A, Jones KD, Bennett R (2002) Impaired growth 63. 
hormone secretion in fibromyalgia patients: evidence for augmented 
hypothalamic somatostatin tone. Arthritis Rheum 46: 1344-1350. 

Bennett RM (2002) Adult growth hormone deficiency in patients with 64. 
fibromyalgia. Curr Rheumatol Rep 4: 306-312. 

Bennett AL, Mayes DM, Fagioli LR, Guerriero R, Komaroff AL (1997) 65. 
Somatomedin C (insulin-like growth factor I) levels in patients with 
chronic fatigue syndrome. J Psychiatr Res 31: 91-96. 

Denko CW, Malemud CJ (2005) Role of the growth hormone/insulin-66. 
like growth factor-1 paracrine axis in rheumatic diseases. Semin Arthri-
tis Rheum 35: 24-34. 

Bennett RM, Clark SR, Campbell SM, Burckhardt CS (1992) Low 67. 
levels of somatomedin C in patients with the fibromyalgia syndrome. 
A possible link between sleep and muscle pain. Arthritis Rheum 35: 
1113-1116. 

Van Cauter E, Plat L, Copinschi G (1998) Interrelations between sleep 68. 
and the somatotropic axis. Sleep 21: 553-566. 

Veldhuis JD, Iranmanesh A (1996) Physiological regulation of the hu-69. 
man growth hormone (GH)-insulin-like growth factor type I (IGF-I) axis: 
predominant impact of age, obesity, gonadal function, and sleep. Sle-
ep 19: S221-S224. 

Hayta E, Okşaşoğlu AA (2016) Decrease of Serum IGF-1 Level is Not 70. 
Associated With Obstructive Sleep Apnea in Fibromyalgia Patients. 
Arch Rheumatol 32: 105-111.

Bennett RM, Clark SC, Walczyk J (1998) A randomized, double-blind, 71. 
placebo-controlled study of growth hormone in the treatment of fibro-
myalgia. Am J Med 104: 227-231. 

Cuatrecasas G, Riudavets C, Guell MA, Nadal A (2007) Growth hor-72. 
mone as concomitant treatment in severe fibromyalgia associated with 
low IGF-1 serum levels. A pilot study. BMC Musculoskelet Disord 8: 
119. 

Cuatrecasas G, Alegre C, Casanueva FF (2014) GH/IGF1 axis dis-73. 
turbances in the fibromyalgia syndrome: is there a rationale for GH 
treatment? Pituitary 17: 277-283. 

Korszun A, Sackett-Lundeen L, Papadopoulos E, Brucksch C, Master-74. 
son L, et al. (1999) Melatonin levels in women with fibromyalgia and 
chronic fatigue syndrome. J Rheumatol 26: 2675-2680. 

Franzen PL, Buysse DJ (2008) Sleep disturbances and depression: 75. 
risk relationships for subsequent depression and therapeutic implica-
tions. Dialogues Clin Neurosci 10: 473-481. 

Sivertsen B, Petrie KJ, Wilhelmsen-Langeland A, Hysing M (2014) 76. 
Mental health in adolescents with Type 1 diabetes: results from a large 
population-based study. BMC Endocr Disord 14: 83. 

Staner L (2003) Sleep and anxiety disorders. 77. Dialogues Clin Neurosci 
5: 249-258.

Nutt D, Wilson S, Paterson L (2008) Sleep disorders as core symp-78. 
toms of depression. Dialogues Clin Neurosci 10: 329-336.

Toussaint LL, Vincent A, McAllister SJ, Oh TH, Hassett AL (2014) A 79. 
Comparison of Fibromyalgia Symptoms in Patients with Healthy ver-
sus Depressive, Low and Reactive Affect Balance Styles. Scand J 
Pain 5: 161-166. 

Palagini L, Carmassi C, Conversano C, Gesi C, Bazzichi L, et al. 80. 
(2016) Transdiagnostic factors across fibromyalgia and mental disor-
ders: sleep disturbances may play a key role. A clinical review. Clin 
Exp Rheumatol 34: S140-S144.

Spaeth M, Rizzi M, Sarzi-Puttini P (2011) Fibromyalgia and sleep. Best 81. 
Pract Res Clin Rheumatol 25: 227-239.

Türkoğlu G, Selvi Y (2020) The relationship between chronotype, sleep 82. 
disturbance, severity of fibromyalgia, and quality of life in patients with 
fibromyalgia. Chronobiol Int 37: 68-81.

Yazdi Z, Loukzadeh Z, Moghaddam P, Jalilolghadr S (2016) Sleep 83. 
Hygiene Practices and Their Relation to Sleep Quality in Medical Stu-
dents of Qazvin University of Medical Sciences. J Caring Sci 5: 153-
160. 

Crofford LJ, Rowbotham MC, Mease PJ, Russell IJ, Dworkin RH, et 84. 
al. (2005) Pregabalin for the treatment of fibromyalgia syndrome: re-
sults of a randomized, double-blind, placebo-controlled trial. Arthritis 
Rheum 52: 1264-1273.

Choy EH (2016) Current treatments to counter sleep dysfunction as a 85. 
pathogenic stimulus of fibromyalgia. Pain Manag 6: 339-346. 

Hauser W, Petzke F, Uceyler N, Sommer C (2011) Comparative ef-86. 
ficacy and acceptability of amitriptyline, duloxetine and milnacipran in 
fibromyalgia syndrome: a systematic review with meta-analysis. Rheu-
matology (Oxford) 50: 532-543.

Ahmed M, Aamir R, Jishi Z, Scharf MB (2016) The Effects of Milnacip-87. 
ran on Sleep Disturbance in Fibromyalgia: A Randomized, Double-
Blind, Placebo-Controlled, Two-Way Crossover Study. J Clin Sleep 
Med 12: 79-86.

Arnold LM, Wang F, Ahl J, Gaynor PJ, Wohlreich MM (2011) Improve-88. 
ment in multiple dimensions of fatigue in patients with fibromyalgia 
treated with duloxetine: secondary analysis of a randomized, placebo-
controlled trial. Arthritis Res Ther 13: R86.

Choy E, Marshall D, Gabriel ZL, Mitchell SA, Gylee E, et al. (2011) A 89. 
systematic review and mixed treatment comparison of the efficacy of 
pharmacological treatments for fibromyalgia. Semin Arthritis Rheum 
41: 335-345.

Roth T, Bhadra-Brown P, Pitman VW, Resnick EM (2016) Pregaba-90. 
lin Improves Fibromyalgia-related Sleep Disturbance. Clin J Pain 32: 
308-312.

North JM, Hong KS, Rauck RL (2016) The Effect of a Novel form of 91. 
Extended-Release Gabapentin on Pain and Sleep in Fibromyalgia 
Subjects: An Open-Label Pilot Study. Pain Pract 16: 720-729.

Moore RA, Derry S, Aldington D, Cole P, Wiffen PJ (2015) Amitriptyline 92. 
for fibromyalgia in adults. Cochrane Pain P and SCG, editor. Cochrane 
Database Syst Rev 12: CD008242. 

Nishishinya B, Urrútia G, Walitt B, Rodriguez A, Bonfill X, et al. (2008) 93. 
Amitriptyline in the treatment of fibromyalgia: a systematic review of its 
efficacy. Rheumatology 47: 1741-1746. 

Everitt H, Baldwin DS, Stuart B, Lipinska G, Mayers A, et al. (2018) 94. 
Antidepressants for insomnia in adults. Cochrane database Syst Rev 
2018: CD010753. 

https://www.ncbi.nlm.nih.gov/pubmed/12095464
https://www.ncbi.nlm.nih.gov/pubmed/12095464
https://www.ncbi.nlm.nih.gov/pubmed/17454963
https://www.ncbi.nlm.nih.gov/pubmed/17454963
https://www.ncbi.nlm.nih.gov/pubmed/17454963
https://www.ncbi.nlm.nih.gov/pubmed/12115242
https://www.ncbi.nlm.nih.gov/pubmed/12115242
https://www.ncbi.nlm.nih.gov/pubmed/12115242
https://www.ncbi.nlm.nih.gov/pubmed/12126582
https://www.ncbi.nlm.nih.gov/pubmed/12126582
https://www.ncbi.nlm.nih.gov/pubmed/9201651
https://www.ncbi.nlm.nih.gov/pubmed/9201651
https://www.ncbi.nlm.nih.gov/pubmed/9201651
https://www.ncbi.nlm.nih.gov/pubmed/16084221
https://www.ncbi.nlm.nih.gov/pubmed/16084221
https://www.ncbi.nlm.nih.gov/pubmed/16084221
https://www.ncbi.nlm.nih.gov/pubmed/1418002
https://www.ncbi.nlm.nih.gov/pubmed/1418002
https://www.ncbi.nlm.nih.gov/pubmed/1418002
https://www.ncbi.nlm.nih.gov/pubmed/1418002
https://www.ncbi.nlm.nih.gov/pubmed/9779515
https://www.ncbi.nlm.nih.gov/pubmed/9779515
https://www.ncbi.nlm.nih.gov/pubmed/9085516
https://www.ncbi.nlm.nih.gov/pubmed/9085516
https://www.ncbi.nlm.nih.gov/pubmed/9085516
https://www.ncbi.nlm.nih.gov/pubmed/9085516
https://www.ncbi.nlm.nih.gov/pubmed/30375572
https://www.ncbi.nlm.nih.gov/pubmed/30375572
https://www.ncbi.nlm.nih.gov/pubmed/30375572
https://www.ncbi.nlm.nih.gov/pubmed/9552084
https://www.ncbi.nlm.nih.gov/pubmed/9552084
https://www.ncbi.nlm.nih.gov/pubmed/9552084
https://www.ncbi.nlm.nih.gov/pubmed/18053120
https://www.ncbi.nlm.nih.gov/pubmed/18053120
https://www.ncbi.nlm.nih.gov/pubmed/18053120
https://www.ncbi.nlm.nih.gov/pubmed/18053120
https://www.ncbi.nlm.nih.gov/pubmed/23568565
https://www.ncbi.nlm.nih.gov/pubmed/23568565
https://www.ncbi.nlm.nih.gov/pubmed/23568565
https://www.ncbi.nlm.nih.gov/pubmed/10606381
https://www.ncbi.nlm.nih.gov/pubmed/10606381
https://www.ncbi.nlm.nih.gov/pubmed/10606381
https://www.ncbi.nlm.nih.gov/pubmed/19170404
https://www.ncbi.nlm.nih.gov/pubmed/19170404
https://www.ncbi.nlm.nih.gov/pubmed/19170404
https://www.ncbi.nlm.nih.gov/pubmed/25303963
https://www.ncbi.nlm.nih.gov/pubmed/25303963
https://www.ncbi.nlm.nih.gov/pubmed/25303963
https://www.ncbi.nlm.nih.gov/pubmed/22033804
https://www.ncbi.nlm.nih.gov/pubmed/22033804
https://www.ncbi.nlm.nih.gov/pubmed/18979946'
https://www.ncbi.nlm.nih.gov/pubmed/18979946'
https://www.ncbi.nlm.nih.gov/pubmed/25067981
https://www.ncbi.nlm.nih.gov/pubmed/25067981
https://www.ncbi.nlm.nih.gov/pubmed/25067981
https://www.ncbi.nlm.nih.gov/pubmed/25067981
https://www.ncbi.nlm.nih.gov/pubmed/27157399
https://www.ncbi.nlm.nih.gov/pubmed/27157399
https://www.ncbi.nlm.nih.gov/pubmed/27157399
https://www.ncbi.nlm.nih.gov/pubmed/27157399
https://www.ncbi.nlm.nih.gov/pubmed/22094198
https://www.ncbi.nlm.nih.gov/pubmed/22094198
https://www.ncbi.nlm.nih.gov/pubmed/31687843
https://www.ncbi.nlm.nih.gov/pubmed/31687843
https://www.ncbi.nlm.nih.gov/pubmed/31687843
https://www.ncbi.nlm.nih.gov/pubmed/27354979
https://www.ncbi.nlm.nih.gov/pubmed/27354979
https://www.ncbi.nlm.nih.gov/pubmed/27354979
https://www.ncbi.nlm.nih.gov/pubmed/27354979
https://www.ncbi.nlm.nih.gov/pubmed/15818684
https://www.ncbi.nlm.nih.gov/pubmed/15818684
https://www.ncbi.nlm.nih.gov/pubmed/15818684
https://www.ncbi.nlm.nih.gov/pubmed/15818684
https://www.ncbi.nlm.nih.gov/pubmed/27312978
https://www.ncbi.nlm.nih.gov/pubmed/27312978
https://www.ncbi.nlm.nih.gov/pubmed/21078630
https://www.ncbi.nlm.nih.gov/pubmed/21078630
https://www.ncbi.nlm.nih.gov/pubmed/21078630
https://www.ncbi.nlm.nih.gov/pubmed/21078630
https://www.ncbi.nlm.nih.gov/pubmed/26414990
https://www.ncbi.nlm.nih.gov/pubmed/26414990
https://www.ncbi.nlm.nih.gov/pubmed/26414990
https://www.ncbi.nlm.nih.gov/pubmed/26414990
https://www.ncbi.nlm.nih.gov/pubmed/21668963
https://www.ncbi.nlm.nih.gov/pubmed/21668963
https://www.ncbi.nlm.nih.gov/pubmed/21668963
https://www.ncbi.nlm.nih.gov/pubmed/21668963
https://www.ncbi.nlm.nih.gov/pubmed/21868065
https://www.ncbi.nlm.nih.gov/pubmed/21868065
https://www.ncbi.nlm.nih.gov/pubmed/21868065
https://www.ncbi.nlm.nih.gov/pubmed/21868065
https://www.ncbi.nlm.nih.gov/pubmed/26035523
https://www.ncbi.nlm.nih.gov/pubmed/26035523
https://www.ncbi.nlm.nih.gov/pubmed/26035523
https://www.ncbi.nlm.nih.gov/pubmed/26059271
https://www.ncbi.nlm.nih.gov/pubmed/26059271
https://www.ncbi.nlm.nih.gov/pubmed/26059271
https://www.ncbi.nlm.nih.gov/pubmed/23235657
https://www.ncbi.nlm.nih.gov/pubmed/23235657
https://www.ncbi.nlm.nih.gov/pubmed/23235657
https://www.ncbi.nlm.nih.gov/pubmed/18697829
https://www.ncbi.nlm.nih.gov/pubmed/18697829
https://www.ncbi.nlm.nih.gov/pubmed/18697829
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6494576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6494576/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6494576/


Citation: Rizzi M, Sarzi-Puttini P, Giorgi V, Radovanovic D, Pini S, et al. (2020) Correlations between Sleep Disturbances and Pain in Fibromyalgia: An Updated Review. 
Chron Pain Manag 4: 124. DOI: 10.29011/2576-957X.100024

10 Volume 4; Issue 01
Chron Pain Manag, an open access journal
ISSN: 2576-957X

Grönblad M, Nykänen J, Konttinen Y, Järvinen E, Helve T (1993) Effect 95. 
of zopiclone on sleep quality, morning stiffness, widespread tender-
ness and pain and general discomfort in primary fibromyalgia patients. 
A double-blind randomized trial. Clin Rheumatol 12: 186-191.

Moldofsky H, Lue FA, Mously C, Roth-Schechter B, Reynolds WJ 96. 
(1996) The effect of zolpidem in patients with fibromyalgia: a dose 
ranging, double blind, placebo controlled, modified crossover study. J 
Rheumatol 23: 529-533.

Russell IJ, Holman AJ, Swick TJ, Alvarez-Horine S, Wang YG, et al. 97. 
(2011) Sodium oxybate reduces pain, fatigue, and sleep disturbance 
and improves functionality in fibromyalgia: results from a 14-week, 
randomized, double-blind, placebo-controlled study. Pain 152: 1007-
1017.

Staud R (2011) Sodium oxybate for the treatment of fibromyalgia. 98. Ex-
pert Opin Pharmacother 12: 1789-1798. 

Drakatos P, Lykouras D, D’Ancona G, Higgins S, Gildeh N, et al. 99. (2017) 
Safety and efficacy of long-term use of sodium oxybate for narcolepsy 
with cataplexy in routine clinical practice. Sleep Med 35: 80-84. 

de Zanette SA, Vercelino R, Laste G, Rozisky JR, Schwertner A, et 100. 
al. (2014) Melatonin analgesia is associated with improvement of the 
descending endogenous pain-modulating system in fibromyalgia: a 
phase II, randomized, double-dummy, controlled trial. BMC Pharma-
col Toxicol 15: 40.

Reynolds WJ, Moldofsky H, Saskin P, Lue FA (1991) The effects of 101. 
cyclobenzaprine on sleep physiology and symptoms in patients with  
fibromyalgia. J Rheumatol 18: 452-454. 

Moldofsky H, Harris HW, Archambault WT, Kwong T, Lederman S 102. 
(2011) Effects of bedtime very low dose cyclobenzaprine on symp-
toms and sleep physiology in patients with fibromyalgia syndrome: a 
double-blind randomized placebo-controlled study. J Rheumatol 38: 
2653-2663. 

Tofferi JK, Jackson JL, O’Malley PG (2004) Treatment of fibromyalgia 103. 
with cyclobenzaprine: A meta-analysis. Arthritis Rheum 51: 9-13.

Curtis AF, Miller MB, Rathinakumar H, Robinson M, Staud R, et al. 104. 
(2019) Opioid use, pain intensity, age, and sleep architecture in pa-
tients with fibromyalgia and insomnia. Pain 160: 2086-2092. 

Sorensen J, Bengtsson A, Backman E, Henriksson KG, Bengtsson 105. 
M (1995) Pain analysis in patients with fibromyalgia. Effects of intra-
venous morphine, lidocaine, and ketamine. Scand J Rheumatol 24: 
360-365. 

Harris RE, Clauw DJ, Scott DJ, McLean SA, Gracely RH, et al. (2007) 106. 
Decreased central mu-opioid receptor availability in fibromyalgia. J 
Neurosci 27: 10000-10006. 

Ware MA, Fitzcharles MA, Joseph L, Shir Y (2010) The effects of nabi-107. 
lone on sleep in fibromyalgia: results of a randomized controlled trial. 
Anesth Analg 110: 604-610. 

Ferguson G, Ma W (2015) Review Article: Sleep , Pain and Cannabis. 108. 
J Sleep Disord Ther 4: 191. 

Mechoulam R, Peters M, Murillo-Rodriguez E, Hanus LO (2007) Can-109. 
nabidiol--recent advances. Chem Biodivers 4: 1678-1692.

Murillo-Rodriguez E (2008) The role of the CB1 receptor in the regulation 110. 
of sleep. Prog Neuropsychopharmacol Biol Psychiatry 32: 1420-1427.

https://www.ncbi.nlm.nih.gov/pubmed/8358976
https://www.ncbi.nlm.nih.gov/pubmed/8358976
https://www.ncbi.nlm.nih.gov/pubmed/8358976
https://www.ncbi.nlm.nih.gov/pubmed/8358976
https://www.ncbi.nlm.nih.gov/pubmed/8832997
https://www.ncbi.nlm.nih.gov/pubmed/8832997
https://www.ncbi.nlm.nih.gov/pubmed/8832997
https://www.ncbi.nlm.nih.gov/pubmed/8832997
https://www.ncbi.nlm.nih.gov/pubmed/21397402
https://www.ncbi.nlm.nih.gov/pubmed/21397402
https://www.ncbi.nlm.nih.gov/pubmed/21397402
https://www.ncbi.nlm.nih.gov/pubmed/21397402
https://www.ncbi.nlm.nih.gov/pubmed/21397402
https://www.ncbi.nlm.nih.gov/pubmed/21679091
https://www.ncbi.nlm.nih.gov/pubmed/21679091
https://www.ncbi.nlm.nih.gov/pubmed/28619187
https://www.ncbi.nlm.nih.gov/pubmed/28619187
https://www.ncbi.nlm.nih.gov/pubmed/28619187
https://www.ncbi.nlm.nih.gov/pubmed/25052847
https://www.ncbi.nlm.nih.gov/pubmed/25052847
https://www.ncbi.nlm.nih.gov/pubmed/25052847
https://www.ncbi.nlm.nih.gov/pubmed/25052847
https://www.ncbi.nlm.nih.gov/pubmed/25052847
https://www.ncbi.nlm.nih.gov/pubmed/1856814
https://www.ncbi.nlm.nih.gov/pubmed/1856814
https://www.ncbi.nlm.nih.gov/pubmed/1856814
https://www.ncbi.nlm.nih.gov/pubmed/21885490
https://www.ncbi.nlm.nih.gov/pubmed/21885490
https://www.ncbi.nlm.nih.gov/pubmed/21885490
https://www.ncbi.nlm.nih.gov/pubmed/21885490
https://www.ncbi.nlm.nih.gov/pubmed/21885490
https://www.ncbi.nlm.nih.gov/pubmed/14872449
https://www.ncbi.nlm.nih.gov/pubmed/14872449
https://www.ncbi.nlm.nih.gov/pubmed/31180977
https://www.ncbi.nlm.nih.gov/pubmed/31180977
https://www.ncbi.nlm.nih.gov/pubmed/31180977
https://www.ncbi.nlm.nih.gov/pubmed/8610220
https://www.ncbi.nlm.nih.gov/pubmed/8610220
https://www.ncbi.nlm.nih.gov/pubmed/8610220
https://www.ncbi.nlm.nih.gov/pubmed/8610220
https://www.ncbi.nlm.nih.gov/pubmed/17855614
https://www.ncbi.nlm.nih.gov/pubmed/17855614
https://www.ncbi.nlm.nih.gov/pubmed/17855614
https://www.ncbi.nlm.nih.gov/pubmed/20007734
https://www.ncbi.nlm.nih.gov/pubmed/20007734
https://www.ncbi.nlm.nih.gov/pubmed/20007734
https://www.longdom.org/open-access/review-article-sleep-pain-and-cannabis-2167-0277.1000191.pdf
https://www.longdom.org/open-access/review-article-sleep-pain-and-cannabis-2167-0277.1000191.pdf
https://www.ncbi.nlm.nih.gov/pubmed/17712814
https://www.ncbi.nlm.nih.gov/pubmed/17712814
https://www.ncbi.nlm.nih.gov/pubmed/18514375
https://www.ncbi.nlm.nih.gov/pubmed/18514375

