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Abstract Disordered sleep is such a prominent symptom in
fibromyalgia that the American College of Rheumatology
included symptoms such as waking unrefreshed, fatigue,
tiredness, and insomnia in the 2010 diagnostic criteria for
fibromyalgia. Even though sleep recording is not part of the
routine evaluation, polysomnography may disclose primary
sleep disorders in patients with fibromyalgia, including
obstructive sleep apnea and restless leg syndrome. In
addition, genetic background and environmental suscepti-
bility link fibromyalgia and further sleep disorders. Among
nonpharmacological treatment proposed for sleep distur-
bance in fibromyalgia, positive results have been obtained
with sleep hygiene and cognitive-behavioral therapy. The
effect of exercise is contradictory, but overweight or obese
patients with fibromyalgia should be encouraged to lose
weight. Regarding the approved antidepressants, amitripty-
line proved to be superior to duloxetine and milnacipran for
sleep disturbances. New perspectives remain on the
narcolepsy drug sodium oxybate, which recently was
approved for sleep management in fibromyalgia.
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Introduction

Poor sleep quality has been shown to be associated with
pain in patients with fibromyalgia [1], and whenever sleep
is perceived as restful, patients report substantial improve-
ment in their daytime symptoms [2, 3•, 4]. A night of poor
sleep has been considered as a predictor of a more painful
day, and a more painful day has been reported to be
followed by a night of poorer sleep [5].

In the study that established the 1990 fibromyalgia
criteria, 73% to 85% of patients reported fatigue, sleep
disturbance (nonrestorative sleep or insomnia), and morn-
ing stiffness [6], and a classic epidemiologic research article
indicates that up to 65.7% of patients complain about
nonrestorative sleep [7]. More recent cross-sectional [8] and
longitudinal [9] studies conducted in larger fibromyalgia
populations confirm that more than 90% of patients report
sleep problems such as difficulty in falling asleep,
nighttime awakenings, and unrefreshing sleep.

The diagnosis of fibromyalgia increases the chance of
persistent symptomatology of pain, fatigue, sleep distur-
bance, anxiety, and depression up to a 7-year follow-up
[10]. In contrast, only 35% of the community with chronic
widespread pain still remained symptomatic up to a 27-month
period of a study [11].

The impact of sleep on fibromyalgia symptomatology [2,
4, 9, 12–15] may have an immunological background, as
shown in Table 1, because interleukin-1β and tumor
necrosis factor-α share influences on neuroendocrine,
autonomic, limbic, and cortical areas of the central nervous
system (CNS) that regulate sleep [16, 17]. Conversely, the
development of chronic pain may influence sleep through
physical and functional modifications of the CNS. The
increased sympathetic activity [18], underactivated
hypothalamic-pituitary-adrenal axis [19–21], and the re-
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lease of proinflammatory cytokines from glial cells [22, 23]
have been proposed as the underlying mechanisms of
disordered sleep in fibromyalgia. Notwithstanding, the
reciprocal relationship between sleep disturbance and pain
in fibromyalgia [9, 24–28] still remains controversial in
terms of the impact of such an interaction in fibromyalgia
manifestations [29].

New Criteria for the Diagnosis of Fibromyalgia

In 2010, the American College of Rheumatology proposed
symptom-based practical criteria for clinical diagnosis of
fibromyalgia [30••] to complement the 1990 criteria, which
were based on widespread pain complaint and specific
tender points [6]. The new criteria recognize a wide
spectrum of manifestations and severity of symptoms that
can affect different individuals and the same individual
throughout time. A widespread pain index (WPI) of 19
areas of the body and a symptom severity score (SSS)
including specifically fatigue, waking unrefreshed, and
cognitive symptoms are considered together with further
somatic symptoms. For the diagnosis of fibromyalgia, it is
required a WPI score of at least 7 and an SSS of at least 5
or a WPI of 3 to 6 and an SSS of at least 9. The SSS scale
also provides follow-up information in patients with current
or previous diagnosis (Table 2) [30••].

Nonrestorative Sleep and Fibromyalgia

Disordered sleep is a multidimensional construct, com-
prising complaints such as delay of sleep onset,
difficulty in staying asleep, waking too early, and
nonrestorative sleep (waking feeling unrefreshed) [3•].
Compared with healthy control patients, most patients
with fibromyalgia perceive their sleep to be of poor
quality, reporting it as nonrestorative [13, 31], and feel
unrefreshed upon awakening [8]. Among the array of
manifestations of fibromyalgia, nonrestorative sleep is
consistently ranked as a highly bothersome symptom of the
disease, together with pain, morning stiffness, and fatigue [4,

31, 32]. Self-reports of unrestful sleep or feeling unrefreshed
upon awakening and throughout the day may result in poor
quality of sleep even with normal sleep duration [13, 33].
However, due to the subjective nature of nonrestorative sleep
perception there is no standardized way of defining or
evaluating its daytime or nighttime consequences in terms of
mood, anxiety, depression, fatigue, concentration, and
performance [34].

In addition, depression and reported sleep impairment
contribute with fatigue in these patients [12], but because
psychological factors are associated both with sleep
quality and pain, they may confound the relationship of
both conditions.

Primary Sleep Disorders and Fibromyalgia

Nonrestorative sleep has received increased attention in the
literature and has been associated not only with fibromy-
algia, but also with chronic fatigue syndrome, insomnia,
and obstructive sleep apnea [13]. On the other hand,
primary sleep disorders, such as obstructive sleep apnea
[35] and restless legs syndrome [13, 36], have been
reported among patients with fibromyalgia, and a genetic
study found common genetic characteristics between
fibromyalgia and narcolepsy [37].

Female sex remains a predictor of fibromyalgia, and the
average age of onset is between 30 and 50 years, dropping
off after 80 years [38]. The prevalence in middle-aged and
overweight women [38] may contribute to further sleep
disorders [39–41], such as sleep apnea [13, 42] and
inspiratory airflow limitation with arousals [43].

Pathogenesis of Nonrestorative Sleep In Fibromyalgia

Early small, uncontrolled family studies provided evidence
for familial aggregation of fibromyalgia [27, 44, 45] that
were confirmed by larger and controlled studies that
suggest the influence of both environmental and genetic
aspects [46].

Neuroendocrine Response to Environment

Among environmental factors, chronic stress has been
considered the underlying factor for the neuroendocrine
dysfunctions described in fibromyalgia, such as hyper-
active and hyporeactive hypothalamic-pituitary-adrenal
axis, which can directly or indirectly affect the adjust-
ment of cortisol response and lead to variable manifes-
tation of the characteristic symptoms of fibromyalgia,
including fatigue, pain, depressed mood, and nonrestor-
ative sleep [19–21]. Alterations in HPA axis function also

Table 1 Influence of cytokines on the sleep induction action of type 1
interleukin and tumor necrosis factor-α

Cytokine action TNFα IL- 1Β

Anti-inflammatory Inhibition by IL-10 Inhibition by IL-1R1,
IL4, IL-10, and IL-13

Proinflammatory Stimulation by
IFNγ and IL-1R1

NR

IL interleukin; IL-1R1 type 1 interleukin-1 receptor; IFN interferon;
NR not reported; TNFα tumor necrosis factor alpha
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may provide an explanation for the observation of
subnormal growth hormone (GH) secretion in some
patients with fibromyalgia, which may contribute to the
development of impaired cognition, fatigue, muscle
weakness, and decreased exercise tolerance [19]. Given
that GH and somatomedin C are necessary for the repair of
muscle microtrauma, sleep disturbances may impair the
healing of muscle tissue damage, thereby prolonging the
transmission of sensory stimuli from damaged muscle
tissue to the CNS and enhancing the perception of muscle
pain [47]. In turn, this enhanced pain may contribute to
increase in sleep disturbance, thereby maintaining the

patient’s fatigue and continuing the inadequate muscle
tissue repair [48].

There also are evidences that patients with fibromyalgia
have abnormal heart rate variability and an altered
sympathetic response to upright posture and tilt table
testing, suggesting a persistently hyperactive sympathetic
nervous system (including during sleep) [18] that is
hyporeactive to stress [22].

Environmental triggers that may be involved in the
pathophysiology of fibromyalgia include mechanical/
physical trauma or injury and psychosocial stressors
(for review, see Bradley [48]). Commonly reported

Table 2 American College of Rheumatology 2010 criteria for fibromyalgia

A patient satisfies diagnostic criteria for fibromyalgia if the following three conditions are met:

1) WPI ≥7 and SSS score ≥5; or WPI 3–6 and SSS score ≥9
2) Symptoms have been present as a similar level for at least 3 months

3) The patient does not have a disorder that would otherwise explain the pain

1. WPI

Number of areas where the patient has pain (score: 0–19)

•Shoulder girdle, left • Hip (buttock, trochanter), left •Jaw, left •Upper back

•Shoulder girdle, right •Hip (buttock, trochanter),
right

• Jaw, right •Lower back

•Upper arm, left •Upper leg, left •Chest •Neck

•Upper arm, right •Upper leg, right •Abdomen

•Lower arm, left •Lower leg, left

•Lower arm, right •Lower leg, right

2. SSS score

Sum of the severity of the three symptoms, plus the extent (severity) of somatic symptoms in general (final score: 0–12)

2.1 Severity somatic symptoms

•Fatigue

•Waking unrefreshed

•Cognitive symptoms

For each of the three symptoms above, indicate the level of severity over the past week using the following scale: 0 = no problem; 1 = slight or
mild problems; 2 = moderate, considerable problems, often present and/or at a moderate level; 3 = severe: persuasive, continuous, life-disturbing
problems

2.2 Somatic symptoms in general

Considering somatic symptoms in general, indicate whether the patient has no symptoms (0), few symptoms (1), a moderate number of symptoms
(2), or a great deal of symptoms (3)

•Chest pain •Blurred vision •Constipation •Fatigue/tiredness

•Fever •Dry eyes •Diarrhea •Insomnia

•Frequent urination •Easy bruising •Dry mouth •Depression

•Headache •Hair loss •Heartburn •Dizziness

•Muscle pain •Hives/welts •Loss of appetite •Seizures

•Muscle weakness •Itching •Nausea •Hearing difficulties

•Numbness/tingling •Rash •Loss of/change in taste •Nervousness

•Shortness of breath •Sun sensitivity •Vomiting •Wheezing

•Pain/cramps in the abdomen •Oral ulcers •Irritable bowel syndrome •Ringing in ears

•Painful urination and
bladder spasms

•Raynaud’s phenomenon •Pain in the upper abdomen •Problems with thinking or remembering

SSS Symptom Severity Scale; WPI widespread pain index

(Data from Wolfe et al. [30••])
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physical traumas include acute illness, physical injury,
surgery, and motor vehicle accidents. Commonly
reported psychosocial triggers include chronic stress,
emotional trauma, and emotional, physical, or sexual
abuse. Coincidently, physical and psychosocial stress
also may increase sleep complaints in middle-aged
women [49].

Genetic Aspects

Population-based studies with twins suggest genetic
influence on sleep may play a role in the pathogenesis
of nonrestorative sleep in fibromyalgia [50•]. Evidence
for familial aggregation of fibromyalgia suggests that
inherited factors may be involved in pain sensitivity,
mood disorder, anxiety disorder, eating disorders, irrita-
ble bowel syndrome, and migraine exhibited by the
patients [46].

Preliminary genetic studies revealed possible associ-
ation of fibromyalgia with genetic polymorphisms in
monoamine-related genes, including the serotonin-2A
receptor gene (HTR2A) [51, 52], which is also a
candidate gene for obstructive sleep apnea [53]. The
serotonin transporter gene regulatory region (5-
HTTLPR) is controversially associated with personality
trait in fibromyalgia [54, 55], and an s-allele of the 5-
HTTLPR is frequent in patients suffering from insom-
nia [56]. The dopamine D4 receptor gene, also
associated with personality trait in fibromyalgia [57],
has been related with sleep attacks in Parkinson’s
disease [58]. Furthermore, a functional Val158Met poly-
morphism (in which substitution of valine [Val] to
methionine [Met] at codon 158 results in reduction in
the activity of the catechol-O-methyltransferase [COMT]
enzyme, which metabolizes catecholamines) is associated
with human pain sensitivity [59] in several pain con-
ditions, including fibromyalgia [60]. Interestingly, mech-
anisms involving COMT contribute to interindividual
differences in brain alpha oscillations, which are
functionally related to executive functions in healthy
individuals, and predict stable and frequency-specific
interindividual variation in brain alpha oscillations in
wakefulness, rapid-eye-movement (REM) sleep, and
non-REM sleep [28].

In a retrospective study, Spitzer and Broadman [37]
showed that 43% of 118 patients meeting standard clinical
criteria for fibromyalgia or chronic fatigue syndrome had
positive HLA DQB1*0602 genotype and characteristics of
narcolepsy. Most of these patients presented highly
fragmented sleep in conjunction with neuromuscular
fatigue or generalized pain, which are objective evidences
of hypersomnia.

Diagnosis

Polysomnography

Even though sleep disturbance often is considered a
secondary phenomenon in fibromyalgia and complete sleep
testing is not part of the routine evaluation, polysomno-
graphic investigation of nonrestorative sleep may disclose
unknown or unheeded factors for patients who have
undergone unsuccessful treatment [61].

Specific alterations in sleep architecture have been
documented, particularly sleep fragmentation known as
alpha electroencephalography (∼10 Hz) sleep disorder [13,
62–65]. This pattern of sleep fragmentation, known as
phasic alpha sleep activity, has been observed in 50% of
patients [64], and subsequently was interpreted as a cyclic
alternating pattern that correlates to the severity of
symptoms such as unrefreshing sleep, pain, fatigue, and
depressed mood in fibromyalgia [62].

Regarding actigraphy monitoring, patients with fibro-
myalgia alone show similar levels of daytime activity as
well as disturbed sleep with significantly increased
levels of activity at night compared to normal control
patients. Patients with fibromyalgia and comorbid
depression also have reduced daytime activity and
significantly increased daytime sleeping compared to
control patients, as well as more sleep interruption and
movement during the night [66].

Inventories

According to specific guidelines proposed by The
German Society of Sleep Research and Sleep Medicine,
the modern approach to nonrestorative sleep prioritizes
identification and restoration of daytime functioning
rather than nighttime aspects of nonrestorative sleep
[61], and several instruments have been proposed to
evaluate aspects of nighttime sleep experiences or morn-
ing or daytime restoration and nonrestorative sleep [34].

Regarding fibromyalgia, among the 10 subscales of the
classical Fibromyalgia Impact Questionnaire (FIQ), the
items 16 (“How tired have you been?”) and 17 (“How
have you felt when you get up in the morning?”) score
aspects related to sleep quality from 0 to 10, higher scores
indicating a greater impact [67]. The Sleep Assessment
Questionnaire, the first specific inventory for sleep in
fibromyalgia, has been proposed by Moldofsky’s group
[68] and evaluates the concept of nonrestorative sleep with
a domain score.

In the Patient-Reported Outcome Measurement Informa-
tion System (PROMIS) network, the sleep disturbance scale
focuses on perceived sleep quality, sleep depth and
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restoration, and perceived adequacy of and satisfaction
with sleep. The wake disturbance scale covers the levels
of waking alertness, sleepiness, and function. These
domains have been used to define standardized outcome
measures to assess fibromyalgia [29] and provide identi-
fication of key domains related to overall sleep–wake
function [69].

Notwithstanding, for the assessment of the impact of
pain on sleep in fibromyalgia, the Medical Outcomes Study
Sleep Scale (MOS-SS) may represent the best choice [32].
This 12-item questionnaire about initiation and mainte-
nance of sleep, respiratory problems during sleep, amount
of sleep, perceived adequacy of sleep, and daytime
somnolence [70] also has been used to evaluate
fibromyalgia-related sleep problems and the impact of
treatment with pregabalin on these symptoms throughout
time in a randomized, double-blind, placebo-controlled,
phase 3 trial of pregabalin [71]. In addition, for the
assessment of modification of sleep symptoms in patients
with fibromyalgia in a 4-week recall period and to capture
the effect of treatment on fibromyalgia manifestations, the
use of the Jenkins Sleep Scale also has been proposed [3•,
72]. In comparison to the Medical Outcome Study (MOS)
Sleep Questionnaire, this four-item instrument captures the
varying pain severity and day-to-day variation in sleep
quality [73•].

Management of Sleep Disturbances in Patients
with Fibromyalgia

The European League Against Rheumatism (EULAR) 2008
recommendations for fibromyalgia treatment included nine
evidence-based directions for its management. The second
recommendation refers to the need of optimal pharmaco-
logical and nonpharmacological treatment of several
domains, including sleep disturbance. Even though the
primary objective is pain control, the recommended
approaches for the management of fibromyalgia syndrome
produce some of the effect on sleep quality [74••].

Nonpharmacological Approach

Education is a key point in treatment, and sleep hygiene
should be encouraged by every professional responsible for
their care [75]. However, it has been demonstrated that
instructions alone are more effective when combined to
cognitive-behavioral therapy (CBT) with regards to sleep
quality evaluated by both subjective and objective results
[76]. In addition, it has been shown that CBT can be a tool
in the management of sleep dysfunction in both adults and
children with fibromyalgia. The positive results also are

achieved in other aspects of behavior, such as attention
disturbance and daily functioning [77]. Notwithstanding,
the EULAR 2008 recommendations pointed out beneficial
results of CBT only on function and pain.

The effect of exercises in the quality of sleep in patients
with fibromyalgia is contradictory. Recent Spanish trials of
aquatic exercises in warm water confirmed improvement in
sleep quality evaluated by the Pittsburgh Sleep Quality
Index when combined techniques included aerobic,
strength, and relaxation exercises or Tai Chi, but not when
stretching was used [78]. On the other hand, a recent review
concluded that aerobic exercises had no positive effects on
sleep in patients with fibromyalgia; yet, there was a
reduction in pain, fatigue, and depressed mood. Therefore,
prescription should consist of land-based or water-based
exercises with slight to moderate intensity two or three
times per week for at least 4 weeks [79].

A 12-week trial of Tai Chi versus stretching and
education showed that at 12 weeks, the Tai Chi group had
greater mean improvement in sleep quality as measured by
the change in the Pittsburgh Sleep Quality Index score than
the control group and that it persisted at 24 weeks [80].
Despite the support for the use of nonpharmacological
interventions such as CBT and exercises, van Koulil et al.
[81] noted that their effects often are limited, positive
outcomes disappear in the long term, and treatment
outcomes vary considerably among individuals. It was
suggested that efficacy may be enhanced by offering
tailored treatment approaches at early stages of the disease.

Obesity is clearly related with poorer sleep quality. A
study showed that lesser sleep duration and poorer sleep
efficiency in patients with fibromyalgia were associated
with a greater body mass index. Patients with fibromyalgia
who are overweight or obese should be encouraged to lose
weight [40].

A recent systematic review of randomized trials with
acupuncture treatment of fibromyalgia included only
seven trials. However, none of the trials showed sleep
improvement in those patients [82].

Pharmacological Approach

Despite the fact that patients with fibromyalgia have poor
sleep quality, several prescription and over-the-counter
drugs may be responsible for sleep disturbance, and
physicians ought to be aware of their use. Some examples
are anticonvulsants (phenytoin and lamotrigine), β-blockers
(atenolol, metoprolol, and propranolol), antipsychotics
(sulpiride), and NSAIDS (indomethacin, diclofenac, and
naproxen) [83]. Tables 3, 4, and 5 show medications used
to treat conditions related or not to sleep that can interact
with sleep [84].
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Amitriptyline and other tricyclic antidepressants
(TCAs) have been used as the cornerstone of drug
therapy in fibromyalgia for 20 years and may provide

long-term benefit for improving sleep, but not for
reducing pain beyond 1 month. Among the antidepres-
sants approved by EULAR 2008 for the treatment of

Table 4 Common medications that can interact with sleep: antidepressants

Drug class Drug Polysomnography Clinical effect on sleep

Tricyclic antidepressants NS ↓ Sleep latency and REM;
no effect on SWS

↑ Sleep continuity; may ↑ periodic limb
movements (tertiary tricyclics
more sedative than other tricyclics)

Amitriptyline and
imipramine

↑ Sleep latency and REM
density; ↓ REM

↑ Sleep continuity and sedation
(Nortriptyline: less sedation and ↓ REM

Selective serotonin
reuptake inhibitors

Citalopram and
escitalopram

Citalopram: ↓ REM sleep.
Escitalopram: smaller effect

No effect on sleep latency or sleep
continuity; vivid dreams

Fluoxetine, sertraline,
and paroxetine

↑ Sleep latency; ↓ REM and
may ↓ SWS

↓ Sleep continuity

Serotonin norepinephrine
reuptake inhibitors

Venlafaxine No effect on sleep latency;
↓ REM and SWS

↓ Sleep continuity; does not
induce insomnia

Duloxetine ↑ REM latency and duration NA

Milnacipran ↑ Sleep duration and efficiency
and stage 2 sleep; ↓ sleep latency
and REM

NA

Monoamine oxidase inhibitors NS ↓↓ REM sleep Phenelzine: ↓ Sleep continuity; insomnia

Dopamine reuptake inhibitor NS ↑ REM; no effect on sleep latency Bupropion has no effect on sleep
continuity; less effect on periodic
limb movements, insomnia, and
nightmares

Atypical antidepressants Trazodone ↓ Sleep latency; no effect on
REM or in SWS

↑ Sleep continuity; sedation,
impaired performance, and priapism

↓—decrease; ↑—increase; NA not available; NS none specified; REM rapid eye movement sleep; SWS slow-wave sleep

Table 3 Common medications that can interact with sleep: psychostimulants, hypnotics, and antiparkinsonians

Class Drug Polysomnography Clinical effect on sleep

Psychostimulants Methylphenidate ↓ REM and ↓SWS; ↑ Sleep latency ↓ Sleep continuity. Tolerance/dependence can
develop with long-term use

Modafinil ↓ Total sleep time and ↓REM ↓Wakefulness; ↑ alertness. No potential for drug
dependency or rebound

Hypnotics Benzodiazepines ↓ Sleep latency, ↓REM, and ↓SWS;
↑ stage 2 sleep and ↑spindle density

↑ Sleep continuity; sedation, dependence, and
rebound of insomnia if withdrawn. Shorter-
acting drugs cause sleep disruption in the
2nd part of the night

Nonbenzodiazepines
(zolpidem)

↓ Sleep latency and ↓REM ↑ Sleep continuity; no residual sedation
(eszopiclone is a longer-acting agonist
with no effect on REM or SWS)

Melatonin ↓ Sleep latency ↑ Sleep continuity

Antiparkinsonians Levodopa (low dose) ↑ SWS; may ↓ REM Improve sleep

Levodopa (high dose) ↑Spindle activity and ↑REM density ↓ Sleep continuity; nightmares and insomnia

Ropinirole ↓ Sleep latency; no effect on
REM or SWS

↑ Sleep continuity

Pramipexole ↓ REM Sedation

Benztropine ↓ REM; may ↑ SWS ↓ Sleep continuity; cognitive impairment

Selegiline ↓ REM sleep ↓ Sleep continuity; insomnia

Amantadine NR Insomnia

↓—decrease; ↑—increase; NR not reported; REM rapid eye movement sleep; SWS slow-wave sleep
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fibromyalgia, amitriptyline proved to be superior to
duloxetine and milnacipran in improving sleep distur-
bances [85•]. A meta-analysis found large effect sizes of
TCAs and small effect sizes of serotonin–norepinephrine
reuptake inhibitors (such as milnacipran and duloxetine)
for reducing sleep disturbances, whereas no effects were
found for serotonin–norepinephrine reuptake inhibitors or
monoamine oxidase inhibitors [86].

Regarding dopaminergic agonists, a trial with prami-
pexole did show improvement in pain, fatigue, function,
and global status in patients with fibromyalgia. These
patients did not have the sleep attacks or hallucinations
commonly described by patients taking pramipexole at a
dosage of up to 1.5 mg orally three times a day for the
treatment of Parkinson’s disease [87]. Terguride, a partial
dopamine agonist that presents beneficial effects on

Table 5 Other common medications that can interact with sleep

Drug class Drug Polysomnography Clinical effect on sleep

Antipsychotics Haloperidol chlorpromazine NR ↑ Sleep continuity; sedation

Aripiprazole NR Insomnia

Clozapine and olanzapine ↓ Sleep latency and
↓REM sleep

↑ Sleep continuity, sedation, and
impaired performance

Quetiapine ↓ REM sleep ↑ Sleep continuity, sedation, and
impaired performance

Risperidone ↓ REM and ↑SWS ↑ Sleep continuity, sedation

Lithium ↓ REM; ↑ REM latency and
↑SWS

↑ Sleep continuity, sedation, and
impaired performance

Antiepileptics Phenytoin ↓ Sleep latency and ↓ REM; ↑SWS; May ↓ sleep continuity; sedation

Carbamazepine ↓ Sleep latency and ↓ REM;
↑ SWS

↑ Sleep continuity

Barbiturates
(phenobarbital)

↓ Sleep latency and ↓REM;
↑spindle density; may ↓ SWS

↑ Sleep continuity, sedation, and
impaired performance

Topiramate NR Sedation

Valproic acid NR ↑ Sleep continuity. New-generation
antiepileptics are less sedating

Tiagabine May ↓ sleep latency; ↑SWS;
no effect on REM

↑ Sleep continuity

Gabapentin/pregabalin ↑ REM and SWS ↑ Sleep continuity

Histamine antagonists First-generation
H1-antagonists

↓ Sleep latency; may ↓ REM ↑ Sleep continuity; sedation

H2-antagonists Famotidine: ↓ sleep latency.
Cimetidine: ↑ SWS

Somnolence in elderly patients and
in patients with renal impairment

Cardiovascular
medications

β-Blockers (propranolol/
metoprolol)

↓ REM sleep ↓ Sleep continuity; fatigue, insomnia,
and nightmares

α1-antagonists NR Transiently sedation

α2-Agonist (clonidine) ↓ REM; ↑ SWS ↑ Sleep continuity; sedation and
nightmares

Angiotensin-converting
enzyme inhibitors

NR Insomnia and nightmares

Hypolipidemic drugs Statins NR Insomnia

Fibrates NR Sleepiness and drowsiness

Anti-inflammatories Aspirin and ibuprofen ↓ SWS ↓ Sleep continuity

Corticosteroids ↓ SWS and ↓REM; ↑ Stage 2 sleep; ↓ Sleep continuity; insomnia and
nightmares

Opiates Morphine ↑Sleep latency, ↑SWS, and
↑REM; sleep fragmentation

Acute use: sedation, impaired
performance, respiratory depression.
Chronic use: insomnia, tolerance,
and withdrawal-related sleep
disturbances

Tramadol ↑ REM and SWS NR

↓—decrease; ↑—increase; NR not reported; REM rapid eye movement sleep; SWS slow-wave sleep
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cervical spine symptoms in fibromyalgia, has not been
studied in sleep [88].

Among anticonvulsants, the γ-aminobutyric acid
(GABA) analogue pregabalin has been effective in decreas-
ing sleep latency and enhancing slow-wave sleep in patients
with altered sleep architecture [86]. In fibromyalgia, doses
at 300 and 450 mg daily were associated with significant
improvement in sleep quality [89, 90].

Sodium oxybate is a type B receptor agonist of γ-
hydroxybutyric acid (a metabolite of GABA that
increases dopamine in the brain) that is approved for
the treatment of cataplexy and excessive daytime
sleepiness in patients with narcolepsy.

By reducing physiological sleep instability, this drug
has been proven to facilitate slow-wave sleep and reduce
wake periods after sleep onset [91••]. Russel et al. [92],
with the use of sodium oxybate, 4.5 or 6.0 g per night,
showed significant reduction in patient-reported sleep
disturbance in fibromyalgia as measured by mean change
from baseline to week 14 on the Jenkins Sleep Scale.
However, no significant changes were observed in the
Functional Outcomes Sleep Questionnaire in either
group.

Finally, regarding other therapeutic options in fibro-
myalgia, a controlled study provided evidence of the
effect of tramadol plus acetaminophen in the improve-
ments in sleep adequacy and sleep duration, but the use
of this synthetic opioid-receptor agonist has not been
effective for other parameters of sleep as analyzed by the
MOS sleep questionnaire [93]. With respect to benzodia-
zepines (agonists of the GABA-A receptor), only five
drugs have been approved for the management of
insomnia: estazolam, flurazepam, quazepam, temazepam,
and triazolam. Even though there is no specific orienta-
tion regarding the use of benzodiazepines in the
management of sleep in fibromyalgia, in case of
prescription, the lowest effective dose should be indicat-
ed to minimize side effects such as rebound insomnia
and anterograde amnesia [83]. Nonbenzodiazepine hyp-
notics also act on the GABA-A receptor and, while
helpful in initiating and maintaining sleep and reducing
daytime tiredness, do not provide restorative sleep or
reduce pain [13]. Zolpidem, but not zopiclone, was
reported to improve sleep in fibromyalgia [94]. Melato-
nin has a variety of beneficial effects on the treatment
of fibromyalgia, as shown through small open studies
[95, 96]. Even though multiple actions, including mod-
ulation of the sleep/wake cycle, benzodiazepine-like
effects [97], synchronization of circadian rhythms [98],
and anti-inflammatory effect [99], may account for the
potential benefits of melatonin, it was not included in the
EULAR recommendations for the treatment of fibromyal-
gia [74••, 100].

Conclusions

Fibromyalgia is a common pain condition with a
complex pathophysiology that contributes to a vast array
of manifestations, among which, sleep abnormalities
have pronounced evidence. Due to the subjective nature
of this condition, instruments have been developed to
assess fibromyalgia sleep status. Even though the
primary outcome of the approved therapeutic strategies
is pain control, these nonpharmacological and pharma-
cological recommended approaches for the management
of fibromyalgia have been proven effective in the
management of sleep disturbance.

Disclosures No potential conflicts of interest relevant to this article
were reported.

References

Papers of particular interests, published recently, have been
highlighted as
• Of importance
•• Of major importance

1. Yunus MB, Ahles TA, Aldag JC, Masi AT. Relationship of
clinical features with psychological status in primary fibromyal-
gia. Arthritis Rheum. 1991;34:15–21.

2. Kop WJ, Lyden A, Berlin AA, Ambrose K, Olsen C, Gracely
RH, et al. Ambulatory monitoring of physical activity and
symptoms in fibromyalgia and chronic fatigue syndrome.
Arthritis Rheum. 2005;52:296–303.

3. • Davies KA, Macfarlane GJ, Nicholl BI, Dickens C, Morriss R,
Ray D, et al. Restorative sleep predicts the resolution of chronic
widespread pain: results from the EPIFUND study. Rheumatol-
ogy (Oxford). 2008;47:1809–13. This study evidences the effect of
restorative sleep on musculoskeletal health in patients with
fibromyalgia.

4. Gupta A, Silman AJ, Ray D, Morriss R, Dickens C, MacFarlane
GJ, et al. The role of psychosocial factors in predicting the onset
of chronic widespread pain: results from a prospective
population-based study. Rheumatology (Oxford). 2007;46:666–
71.

5. Affleck G, Urrows S, Tennen H, Higgins P, Abeles M.
Sequential daily relations of sleep, pain intensity, and attention
to pain among women with fibromyalgia. Pain. 1996;68:363–8.

6. Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombardier
C, Goldenberg DL, et al. The American College of Rheuma-
tology 1990 criteria for the classification of fibromyalgia.
Report of the Multicenter Criteria Committee. Arthritis
Rheum. 1990;33:160–72.

7. White KP, Speechley M, Harth M, Ostbye T. The London
Fibromyalgia Epidemiology Study: comparing the demo-
graphic and clinical characteristics in 100 random commu-
nity cases of fibromyalgia versus controls. J Rheumatol.
1999;26:1577–85.

354 Curr Pain Headache Rep (2011) 15:347–357



8. Theadom A, Cropley M, Humphrey KL. Exploring the role of
sleep and coping in quality of life in fibromyalgia. J Psychosom
Res. 2007;62:145–51.

9. Bigatti SM, Hernandez AM, Cronan TA, Rand KL. Sleep
disturbances in fibromyalgia syndrome: relationship to pain and
depression. Arthritis Rheum. 2008;59:961–7.

10. Wolfe F, Anderson J, Harkness D, Bennett RM, Caro XJ,
Goldenberg DL, et al. Health status and disease severity in
fibromyalgia: results of a six-center longitudinal study. Arthritis
Rheum. 1997;40:1571–9.

11. MacFarlane GJ, Thomas E, PapageorgiouAC, Schollum J, Croft PR,
Silman AJ. The natural history of chronic pain in the community: a
better prognosis than in the clinic? J Rheumatol. 1996;23:1617–20.

12. Nicassio PM, Moxham EG, Schuman CE, Gevirtz RN. The
contribution of pain, reported sleep quality, and depressive
symptoms to fatigue in fibromyalgia. Pain. 2002;100:271–9.

13. Moldofsky H. Management of sleep disorders in fibromyalgia.
Rheum Dis Clin North Am. 2002;28:353–65.

14. Agargun MY, Tekeoglu I, Gunes A, Adak B, Kara H, Ercan M.
Sleep quality and pain threshold in patients with fibromyalgia.
Compr Psychiatry. 1999;40:226–8.

15. Hamilton NA, Catley D, Karlson C. Sleep and the affective
response to stress and pain. Health Psychol. 2007;26:288–95.

16. Lorton D, Lubahn CL, Estus C, Millar BA, Carter JL, Wood CA, et
al. Bidirectional communication between the brain and the immune
system: implications for physiological sleep and disorders with
disrupted sleep. Neuroimmunomodulation. 2006;13:357–74.

17. Loevinger BL, Muller D, Alonso C, Coe CL. Metabolic syndrome
in women with chronic pain. Metabolism. 2007;56:87–93.

18. Chervin RD, Teodorescu M, Kushwaha R, Deline AM, Brucksch
CB, Ribbens-Grimm C, et al. Objective measures of disordered
sleep in fibromyalgia. J Rheumatol. 2009;36:2009–16.

19. Adler GK, Manfredsdottir VF, Creskoff KW. Neuroendocrine
abnormalities in fibromyalgia. Curr Pain Headache Rep.
2002;6:289–98.

20. Torpy DJ, Papanicolaou DA, Lotsikas AJ, Wilder RL, Chrousos
GP, Pillemer SR. Responses of the sympathetic nervous system
and the hypothalamic-pituitary-adrenal axis to interleukin-6: a
pilot study in fibromyalgia. Arthritis Rheum. 2000;43:872–80.

21. Calis M, Gokce C, Ates F, Ulker S, Izgi HB, Demir H, et al.
Investigation of the hypothalamo-pituitary-adrenal axis (HPA) by
1 microg ACTH test and metyrapone test in patients with
primary fibromyalgia syndrome. J Endocrinol Investig.
2004;27:42–6.

22. Martinez-Lavin M, Hermosillo AG. Autonomic nervous system
dysfunction may explain the multisystem features of fibromyal-
gia. Semin Arthritis Rheum. 2000;29:197–9.

23. Abeles AM, Pillinger MH, Solitar BM, Abeles M. Narrative
review: the pathophysiology of fibromyalgia. Ann Intern Med.
2007;146:726–34.

24. Rains JC, Penzien DB. Sleep and chronic pain: challenges to the
alpha-EEG sleep pattern as a pain specific sleep anomaly. J
Psychosom Res. 2003;54:77–83.

25. Scharf MB, Baumann M, Berkowitz DV. The effects of sodium
oxybate on clinical symptoms and sleep patterns in patients with
fibromyalgia. J Rheumatol. 2003;30:1070–4.

26. McCracken LM, Iverson GL. Disrupted sleep patterns and daily
functioning in patients with chronic pain. Pain Res Manag.
2002;7:75–9.

27. Roizenblatt S, Tufik S, Goldenberg J, Pinto LR, Hilario MO,
Feldman D. Juvenile fibromyalgia: clinical and polysomno-
graphic aspects. J Rheumatol. 1997;24:579–85.

28. Bodenmann S, Rusterholz T, Durr R, Stoll C, Bachmann V,
Geissler E, et al. The functional Val158Met polymorphism of
COMT predicts interindividual differences in brain alpha
oscillations in young men. J Neurosci. 2009;29:10855–62.

29. Mease P, Arnold LM, Bennett R, Boonen A, Buskila D, Carville
S, et al. Fibromyalgia syndrome. J Rheumatol. 2007;34:1415–
25.

30. •• Wolfe F, Clauw DJ, Fitzcharles MA, Goldenberg DL, Katz
RS, Mease P, et al. The American College of Rheumatology
preliminary diagnostic criteria for fibromyalgia and measurement
of symptom severity. Arthritis Care Res (Hoboken).
2010;62:600–10. This study brings a new proposal of simple,
practical criteria for clinical diagnosis of fibromyalgia that are
suitable for use in primary and specialty care and that do not
require a tender-point examination.

31. Bennett RM, Jones J, Turk DC, Russell IJ, Matallana L. An
internet survey of 2,596 people with fibromyalgia. BMC
Musculoskelet Disord. 2007;8:27.

32. Cappelleri JC, Bushmakin AG, McDermott AM, Dukes E,
Sadosky A, Petrie CD, et al. Measurement properties of the
Medical Outcomes Study Sleep Scale in patients with fibromyalgia.
Sleep Med. 2009;10:766–70.

33. OhayonMM, Roth T.What are the contributing factors for insomnia
in the general population? J Psychosom Res. 2001;51:745–55.

34. Vernon MK, Dugar A, Revicki D, Treglia M, Buysse D.
Measurement of non-restorative sleep in insomnia: a review of
the literature. Sleep Med Rev. 2009;14:205–12.

35. Martinez D, Cassol CM. Fibromyalgia and sleep-disordered
breathing: the missing link. Arthritis Res Ther. 2008;10:408;
author reply 409.

36. Viola-Saltzman M, Watson NF, Bogart A, Goldberg J, Buchwald
D. High prevalence of restless legs syndrome among patients
with fibromyalgia: a controlled cross-sectional study. J Clin
Sleep Med. 2010;6:423–7.

37. Spitzer AR, Broadman M. A retrospective review of the sleep
characteristics in patients with chronic fatigue syndrome and
fibromyalgia. Pain Pract. 2010;10:294–300.

38. Wolfe F, Ross K, Anderson J, Russell IJ, Hebert L. The
prevalence and characteristics of fibromyalgia in the general
population. Arthritis Rheum. 1995;38:19–28.

39. Wolfe F, Hawley DJ. Psychosocial factors and the fibromyalgia
syndrome. Z Rheumatol. 1998;57 Suppl 2:88–91.

40. Okifuji A, Bradshaw DH, Olson C. Evaluating obesity in
fibromyalgia: neuroendocrine biomarkers, symptoms, and func-
tions. Clin Rheumatol. 2009;28:475–8.

41. Berger A, Dukes E, Martin S, Edelsberg J, Oster G. Character-
istics and healthcare costs of patients with fibromyalgia
syndrome. Int J Clin Pract. 2007;61:1498–508.

42. May KP, West SG, Baker MR, Everett DW. Sleep apnea in male
patients with the fibromyalgia syndrome. Am J Med. 1993;
94:505–8.

43. Gold AR, Dipalo F, Gold MS, Broderick J. Inspiratory airflow
dynamics during sleep in women with fibromyalgia. Sleep.
2004;27:459–66.

44. Pellegrino MJ, Waylonis GW, Sommer A. Familial occurrence of
primary fibromyalgia. Arch Phys Med Rehabil. 1989;70:61–3.

45. Buskila D, Neumann L, Hazanov I, Carmi R. Familial
aggregation in the fibromyalgia syndrome. Semin Arthritis
Rheum. 1996;26:605–11.

46. Hudson JI, Arnold LM, Keck Jr PE, Auchenbach MB, Pope Jr
HG. Family study of fibromyalgia and affective spectrum
disorder. Biol Psychiatry. 2004;56:884–91.

47. Bennett RM, Clark SR, Campbell SM, Burckhardt CS. Low
levels of somatomedin C in patients with the fibromyalgia
syndrome. A possible link between sleep and muscle pain.
Arthritis Rheum. 1992;35:1113–6.

48. Bradley LA. Pathophysiology of fibromyalgia. Am J Med.
2009;122:S22–30.

49. Lallukka T, Rahkonen O, Lahelma E, Arber S. Sleep complaints
in middle-aged women and men: the contribution of working

Curr Pain Headache Rep (2011) 15:347–357 355



conditions and work-family conflicts. J Sleep Res. 2010;19:466–
77.

50. • Barclay NL, Eley TC, Buysse DJ, Rijsdijk FV, Gregory AM.
Genetic and environmental influences on different components
of the Pittsburgh Sleep Quality Index and their overlap. Sleep.
2010;33:659–68. This is an important study describing genetic
and nonshared environmental factors that explain individual
differences with regards to different components of sleep quality
and duration.

51. Bondy B, Spaeth M, Offenbaecher M, Glatzeder K, Stratz T,
Schwarz M, et al. The T102C polymorphism of the 5-HT2A-
receptor gene in fibromyalgia. Neurobiol Dis. 1999;6:433–9.

52. Gursoy S, Erdal E, Herken H, Madenci E, Alasehirli B.
Association of T102C polymorphism of the 5-HT2A receptor
gene with psychiatric status in fibromyalgia syndrome. Rheu-
matol Int. 2001;21:58–61.

53. Larkin EK, Patel SR, Goodloe RJ, Li Y, Zhu X, Gray-McGuire
C, et al. A candidate gene study of obstructive sleep apnea in
European Americans and African Americans. Am J Respir Crit
Care Med. 2010;182:947–53.

54. Offenbaecher M, Bondy B, de Jonge S, Glatzeder K, Kruger M,
Schoeps P, et al. Possible association of fibromyalgia with a
polymorphism in the serotonin transporter gene regulatory
region. Arthritis Rheum. 1999;42:2482–8.

55. Gursoy S. Absence of association of the serotonin transporter
gene polymorphism with the mentally healthy subset of
fibromyalgia patients. Clin Rheumatol. 2002;21:194–7.

56. Deuschle M, Schredl M, Schilling C, Wust S, Frank J, Witt SH,
et al. Association between a serotonin transporter length
polymorphism and primary insomnia. Sleep. 2010;33:343–7.

57. Buskila D, Cohen H, Neumann L, Ebstein RP. An association
between fibromyalgia and the dopamine D4 receptor exon III
repeat polymorphism and relationship to novelty seeking personal-
ity traits. Mol Psychiatry. 2004;9:730–1.

58. Paus S, Seeger G, Brecht HM, Koster J, El-Faddagh M,
Nothen MM, et al. Association study of dopamine D2, D3,
D4 receptor and serotonin transporter gene polymorphisms
with sleep attacks in Parkinson’s disease. Mov Disord. 2004;
19:705–7.

59. Zubieta JK, Heitzeg MM, Smith YR, Bueller JA, Xu K, Xu
Y, et al. COMT val158met genotype affects mu-opioid
neurotransmitter responses to a pain stressor. Science. 2003;
299:1240–3.

60. Gursoy S, Erdal E, Herken H, Madenci E, Alasehirli B, Erdal
N. Significance of catechol-O-methyltransferase gene poly-
morphism in fibromyalgia syndrome. Rheumatol Int.
2003;23:104–7.

61. Riemann D, Voderholzer U, Berger M. Non-restorative sleep and
insomnia. Diagnostic and therapeutic options for psychiatry and
psychotherapy. Nervenarzt. 2003;74:450–67. quiz 468–459.

62. Rizzi M, Sarzi-Puttini P, Atzeni F, Capsoni F, Andreoli A, Pecis
M, et al. Cyclic alternating pattern: a new marker of sleep
alteration in patients with fibromyalgia? J Rheumatol.
2004;31:1193–9.

63. Landis CA, Lentz MJ, Rothermel J, Buchwald D, Shaver JL.
Decreased sleep spindles and spindle activity in midlife women
with fibromyalgia and pain. Sleep. 2004;27:741–50.

64. Lentz MJ, Landis CA, Rothermel J, Shaver JL. Effects of
selective slow wave sleep disruption on musculoskeletal pain
and fatigue in middle aged women. J Rheumatol. 1999;26:1586–
92.

65. Roizenblatt S, Moldofsky H, Benedito-Silva AA, Tufik S. Alpha
sleep characteristics in fibromyalgia. Arthritis Rheum. 2001;
44:222–30.

66. Korszun A, Young EA, Engleberg NC, Brucksch CB, Greden JF,
Crofford LA. Use of actigraphy for monitoring sleep and activity

levels in patients with fibromyalgia and depression. J Psychosom
Res. 2002;52:439–43.

67. Bennett R. The Fibromyalgia Impact Questionnaire (FIQ): a
review of its development, current version, operating character-
istics and uses. Clin Exp Rheumatol. 2005;23:S154–62.

68. Cesta A, Moldofsky H, Sammut C. The sensitivity and
specificity of the Sleep Assessment Questionnaire (SAQ) as a
measure of non-restorative sleep. Sleep. 1999;22:14.

69. www.nihpromis.org. 2011.
70. Hays R, Stewart A. Sleep measures. In: Stewart A, Ware J,

editors. Measuring functioning and well-being: the medical out-
comes study approach. Duke University Press; 1992, p. 235–59.

71. Mease PJ, Russell IJ, Arnold LM, Florian H, Young Jr JP, Martin
SA, et al. A randomized, double-blind, placebo-controlled, phase
III trial of pregabalin in the treatment of patients with
fibromyalgia. J Rheumatol. 2008;35:502–14.

72. Jenkins CD, Stanton BA, Niemcryk SJ, Rose RM. A scale for
the estimation of sleep problems in clinical research. J Clin
Epidemiol. 1988;41:313–21.

73. • Crawford BK, Piault EC, Lai C, Sarzi-Puttini P. Assessing
sleep in fibromyalgia: investigation of an alternative scoring
method for the Jenkins Sleep Scale based on data from
randomized controlled studies. Clin Exp Rheumatol. 2011;28:
S100–9. This study evidences the validity of the Jenkins Sleep
Scale.

74. •• Carville SF, Arendt-Nielsen S, Bliddal H, Blotman F, Branco
JC, Buskila D, et al. EULAR evidence-based recommendations
for the management of fibromyalgia syndrome. Ann Rheum Dis.
2008;67:536–41. This is an important reference on the nine
recommendations for the management of fibromyalgia syndrome
developed using a systematic review and expert consensus.

75. Culpepper L. Nonpharmacologic care of patients with fibromy-
algia. J Clin Psychiatry. 2010;71:e20.

76. Edinger JD, Wohlgemuth WK, Krystal AD, Rice JR. Behavioral
insomnia therapy for fibromyalgia patients: a randomized clinical
trial. Arch Intern Med. 2005;165:2527–35.

77. Miro E, Lupianez J, Martinez MP, Sanchez AI, Diaz-Piedra C,
Guzman MA, et al. Cognitive-behavioral therapy for insomnia
improves attentional function in fibromyalgia syndrome: a pilot,
randomized controlled trial. J Health Psychol. 2011. doi:
10.1177/1359105310390544 at http://hpq.sagepub.com/content/
early/recent#content-block.

78. Munguia-Izquierdo D, Legaz-Arrese A. Assessment of the
effects of aquatic therapy on global symptomatology in patients
with fibromyalgia syndrome: a randomized controlled trial. Arch
Phys Med Rehabil. 2008;89:2250–7.

79. Hauser W, Klose P, Langhorst J, Moradi B, Steinbach M,
Schiltenwolf M, et al. Efficacy of different types of aerobic
exercise in fibromyalgia syndrome: a systematic review and
meta-analysis of randomised controlled trials. Arthritis Res
Ther. 2010;12:R79.

80. Wang C, Schmid CH, Rones R, Kalish R, Yinh J, Goldenberg
DL, et al. A randomized trial of tai chi for fibromyalgia. N Engl J
Med. 2010;363:743–54.

81. van Koulil S, Effting M, Kraaimaat FW, van Lankveld W, van
Helmond T, Cats H, et al. Cognitive-behavioural therapies and
exercise programmes for patients with fibromyalgia: state of the
art and future directions. Ann Rheum Dis. 2007;66:571–81.

82. Langhorst J, Klose P, Musial F, Irnich D, Hauser W. Efficacy of
acupuncture in fibromyalgia syndrome–a systematic review with
a meta-analysis of controlled clinical trials. Rheumatology
(Oxford). 2010;49:778–88.

83. Saddichha S. Diagnosis and treatment of chronic insomnia. Ann
Indian Acad Neurol. 2010;13:94–102.

84. Qureshi A, Lee-Chiong Jr T. Medications and their effects on
sleep. Med Clin North Am. 2004;88:751–66, x.

356 Curr Pain Headache Rep (2011) 15:347–357

http://www.nihpromis.org
http://dx.doi.org/10.1177/1359105310390544
http://hpq.sagepub.com/content/early/recent#content-block
http://hpq.sagepub.com/content/early/recent#content-block


85. • Hauser W, Petzke F, Uceyler N, Sommer C. Comparative
efficacy and acceptability of amitriptyline, duloxetine and
milnacipran in fibromyalgia syndrome: a systematic review
with meta-analysis. Rheumatology (Oxford). 2011;50:532–
43. This article is a good review on the efficacy and
acceptability of antidepressants recommended for the treat-
ment of fibromyalgia.

86. Hindmarch I, Dawson J, Stanley N. A double-blind study in
healthy volunteers to assess the effects on sleep of pregabalin
compared with alprazolam and placebo. Sleep. 2005;28:187–93.

87. Holman AJ, Myers RR. A randomized, double-blind, placebo-
controlled trial of pramipexole, a dopamine agonist, in patients
with fibromyalgia receiving concomitant medications. Arthritis
Rheum. 2005;52:2495–505.

88. Distler O, Eich W, Dokoupilova E, Dvorak Z, Fleck M,
Gaubitz M, et al. Evaluation of the efficacy and safety of
terguride in patients with fibromyalgia syndrome: results of a
twelve-week, multicenter, randomized, double-blind, placebo-
controlled, parallel-group study. Arthritis Rheum. 2010;
62:291–300.

89. Arnold LM, Russell IJ, Diri EW, Duan WR, Young Jr JP, Sharma
U, et al. A 14-week, randomized, double-blinded, placebo-
controlled monotherapy trial of pregabalin in patients with
fibromyalgia. J Pain. 2008;9:792–805.

90. Crofford LJ, Rowbotham MC, Mease PJ, Russell IJ, Dworkin
RH, Corbin AE, et al. Pregabalin for the treatment of
fibromyalgia syndrome: results of a randomized, double-blind,
placebo-controlled trial. Arthritis Rheum. 2005;52:1264–73.

91. •• Moldofsky H, Inhaber NH, Guinta DR, Alvarez-Horine SB.
Effects of sodium oxybate on sleep physiology and sleep/
wake-related symptoms in patients with fibromyalgia syn-
drome: a double-blind, randomized, placebo-controlled study. J
Rheumatol. 2010;37:2156–66. This is a large cohort study that
reveals the efficacy of sodium oxybate in reducing wakefulness
after sleep onset and increasing non-REM sleep of patients with
fibromyalgia.

92. Russell IJ, Holman AJ, Swick TJ, Alvarez-Horine S, Wang YG,
Guinta D; for the Sodium Oxybate 06-008 FM Study Group.
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.
2011;152:1007–17.

93. Bennett RM, Schein J, Kosinski MR, Hewitt DJ, Jordan DM,
Rosenthal NR. Impact of fibromyalgia pain on health-related
quality of life before and after treatment with tramadol/
acetaminophen. Arthritis Rheum. 2005;53:519–27.

94. Roehrs TA. Does effective management of sleep disorders
improve pain symptoms? Drugs. 2009;69 Suppl 2:5–11.

95. Citera G, Arias MA,Maldonado-Cocco JA, Lazaro MA, Rosemffet
MG, Brusco LI, et al. The effect of melatonin in patients with
fibromyalgia: a pilot study. Clin Rheumatol. 2000;19:9–13.

96. Reiter RJ, Acuna-Castroviejo D, Tan DX. Melatonin therapy in
fibromyalgia. Curr Pain Headache Rep. 2007;11:339–42.

97. Ortiz GG, Crespo-Lopez ME, Moran-Moguel C, Garcia JJ,
Reiter RJ, Acuna-Castroviejo D. Protective role of melatonin
against MPTP-induced mouse brain cell DNA fragmentation and
apoptosis in vivo. Neuro Endocrinol Lett. 2001;22:101–8.

98. Khaldy H, Leon J, Escames G, Bikjdaouene L, Garcia JJ,
Acuna-Castroviejo D. Circadian rhythms of dopamine and
dihydroxyphenyl acetic acid in the mouse striatum: effects of
pinealectomy and of melatonin treatment. Neuroendocrinolo-
gy. 2002;75:201–8.

99. Mayo JC, Sainz RM, Tan DX, Hardeland R, Leon J, Rodriguez
C, et al. Anti-inflammatory actions of melatonin and its
metabolites, N1-acetyl-N2-formyl-5-methoxykynuramine
(AFMK) and N1-acetyl-5-methoxykynuramine (AMK), in
macrophages. J Neuroimmunol. 2005;165:139–49.

100. Clauw DJ. Commentary on the EULAR recommendations for
the management of fibromyalgia. Nat Clin Pract Rheumatol.
2008;4:392–3.

Heading

Fibromyalgia (Mario F. P. Peres, Section Editor).

Curr Pain Headache Rep (2011) 15:347–357 357


	Sleep Disorders and Fibromyalgia
	Abstract
	Introduction
	New Criteria for the Diagnosis of Fibromyalgia
	Nonrestorative Sleep and Fibromyalgia
	Primary Sleep Disorders and Fibromyalgia
	Pathogenesis of Nonrestorative Sleep In Fibromyalgia
	Neuroendocrine Response to Environment
	Genetic Aspects

	Diagnosis
	Polysomnography
	Inventories

	Management of Sleep Disturbances in Patients with Fibromyalgia
	Nonpharmacological Approach
	Pharmacological Approach

	Conclusions
	References
	Papers of particular interests, published recently, have been highlighted as • Of importance •• Of major importance



