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Abstract

Chronic pain in patients affected by fibromyalgia is nowadays considered as a result of dysregulated mechanisms
in the central nervous system. As fibromyalgia patients often report sleep disturbances, some researches have
investigated potential central neural dysfunctions which link chronic pain and alterations responsible for sleep
disorders. Polysomnography in fibromyalgia patients reveals increased EEG alpha activity during non REM sleep,

for treatment of fibromyalgia associated sleep disorders.

fibromyalgia related pain and coexisting sleep alteration.

increased number of arousal and a more frequent occurrence of cyclic alternating pattern.

Mechanisms potentially linking chronic widespread pain to sleep alterations and mood disorders have not been
proved. The relationship between polysomnographic findings and clinical symptoms in patients with fibromyalgia
supports the hypothesis of a conceptual common mechanism called central sensation.

The first step in the therapeutic approach is sleep assessment, including sleep history, identification of factors
interfering with sleep hygiene and the diagnosis of any underlying disorder that may affect sleep.

Food and Drug Administration has approved drugs for fibromyalgia that can improve sleep quality, but not specific

Both pharmacological and non pharmacological treatments should be used cautiously in fibromyalgia patients,
considering underlying disorders and their potential interactions. However they could be an effective treatment both for
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Introduction

Fibromyalgia (FM) is a chronic pain disorder of unknown aetiology
characterized by diffuse musculoskeletal pain and increased tenderness
at palpation.

More progress in understanding FM and its related syndromes was
made when investigators turned their attention to the role played by the
nervous system [1,2].

A large percentage of FM patients report sleep disturbance,
including difficulties in falling or staying asleep, early morning
awakenings and non-restorative sleep [3-5].

Sleep is a regular circadian phase of reduced activity and
responsiveness, with characteristic physiologic changes, especially in
the brain [6]. The cyclicity of sleep is linked to other biologic circadian
rhythms, such as hormone secretion (e.g., growth hormone, prolactin,
and melatonin), body temperature and blood pressure [7].

Research about sleep disorders in patients with chronic pain,
particularly in FM patients, overlaps the concept of non restorative
sleep. The restorative theory considers brain activity during sleep
essential to restore body and mind [8,9]. As non restorative sleep is
common in patients with organic sleep disorders, it has been considered
a symptom of insomnia. Many studies have investigated the symptoms
of insomnia associated with chronic pain syndromes, particularly FM
and chronic pain fatigue syndrome, but there are few studies about non
restorative sleep: a greater knowledge of non restorative sleep and its
mechanisms could provide important insights into the causes of FM
and related condition.

Poor sleep quality or quantity increases the risk of medical and
psychiatric diseases [10,11].

The current method of assessing physiological sleep parameters is
based on polysomnography (PSG), whichrecordsmuscletone throughan
electromyography (EMG), eye movements through electrooculography,

and brain activity by means of electroencephalography (EEG). The
two main stages of sleep are rapid eye movement (REM) sleep, which
is believed to be important for processing and memory consolidation
of cognitive stimuli encountered while awake [12], and non-REM
sleep, which the American Academy of Sleep Medicine classification
currently divides into three stages (N1, N2 and N3), although previously
there were four stages [13]. Stage W (wakefulness), during which the
predominant EEG findings are alpha waves with a frequency of 8-12 Hz;
stage N1 (light sleep, normally <5% of total sleep time), during which
the main EEG findings are theta waves with a frequency of 4-7 Hz (this
stage of true sleep is characterised by slow and regular eye movements);
stage N2 (intermediate sleep, 40-50% of total sleep time), deeper sleep
characterised by EEG findings of sleep spindles and K complex, with
no slow and regular eye movements; and stage N3 (deep or slow wave
sleep, 20% of total sleep time), characterised by EEG findings of slow
delta waves with a frequency of 0.5-2 Hz.

During the first half of sleep, individual’s cycle between REM and all
stages of non REM sleep; during the second half, the cycling is between
stage N2 and REM sleep. Each cycle normally lasts 1-2 hours whereas
stage N1 typically lasts <30 minutes.

Aetiology

There are many prospective clinical studies demonstrating a
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correlation between FM symptoms and poor sleep quality. One
statistical path analysis shows that the greater sleep disorder is, the
worse pain and physical functioning are, which in turn predicts greater
depression [14]. Another study shows that a night of poorer sleep is
followed by a more painful day, whereas sleep quality was not explained
by changes in pain intensity during the day [15]. It was found that,
after adjusting for the effects of pain and negative and positive events
on daily affective scores, sleep quality and duration were prospectively
related to fatigue and affect. Inadequate sleep has a cumulative effect on
negative affects and prevented affective recovery from days with a high
number of negative events [16].

Onen et al. [17] in a study based on total sleep deprivation or
specific deprivation of slow wave sleep (SWS) or REM sleep confirmed
the existence of alterations in pain measures in normal subjects. In one
of these, a total of 40 hours sleep deprivation reduced pain threshold,
which returned to baseline values after a period of undisturbed sleep,
possibly because of the restoration of SWS.

Its was reported that FM patients complaining for daytime
hypersomnolence had a higher number of tender points, a greater score
of subjective pain and more fatigue than FM patients with no daytime
hypersomnolence [18]. It has also been shown that the experimentally
induced disruption of deep SWS can increase symptoms of pain [19-
21].

The causal relationships between FM and sleep are not clear. There
are probably neuroendocrine or genetic triggers inducing pain, sleep
and mood mechanisms: for example serotonin abnormalities may play
arole in FM and the related sleep and mood disorders [22].

Epidemiology and symptoms

Patients affected by FM are generally aware of the bad quality of
their sleep [23]. They often describe their sleep as non restorative and to
wake up many times during the night. They often refer pain and stiffness
even during night time and in the morning; they feel unrefreshed and
poorly satisfied with their sleep [24].

Sleep studies suggested that 75-90% of FM patients report non
restorative sleep [25]. Bengtsson et al. [26] for example reported that
53% of FM patients experience difficulties falling asleep, 71% report
frequent awakening at night and 78% were not satisfied with their own
sleep.

An internet survey of more than 2500 FM USA patients reported
morning stiffness, fatigue, non restorative sleep, pain, concentration
and memory problems as the most severe symptoms [27]. A study of
almost 700 FM patients showed that chronic widespread pain and non
restorative sleep were key symptoms [28].

It is clear that unrefreshing or non restorative sleep is directly related
to pain and fatigue as the most common symptoms of FM patients. In
2009 the OMERACT (originally Outcome Measures in Rheumatoid
Arthritis Clinical Trials, but now Outcome Measures in Rheumatology)
group understood that FM is a multisymptom syndrome and included
fatigue and sleep disturbance in the inner core set of disease domains to
be assessed in all clinical trials of FM [29].

Alteration of sleep architecture

Different studies regarding sleep architecture in FM patients
have been conducted since the first report by Moldofsky [19] in
which it is shown that the experimental disruption of SWS induced
musculoskeletal pain and fatigue symptom in healthy sleeping subjects.
Numerous studies identified alpha activity in non REM stages in adults

and children with FM, as well as in individuals with chronic fatigue
syndrome [30-33]. It was also hypothesised that EEG alpha activity
could be a sleep maintaining or a sleep disrupting factor depending
on which part of the brain it comes from Pivik et al. [34]. Several
polysomnographic studies of FM patients found disordered sleep
architecture with the delayed onset of EEG sleep [32,35], poorer sleep
efficiency [17,24] and reduced SWS and REM sleep [24,32,35,36].

The presence of wave alpha intrusion in non REM sleep is not
always found in FM patients. It is common in several health problems
in which unrefreshing sleep is presumably related to this anomaly and
it doesn’t seem to be specific for FM syndrome [4]. The EEG alpha
disorders indicate a vigilant state during non REM sleep leading to
daytime symptoms [31] but Chervin et al. [37] in a small-scale study on
the presence of EEG alpha during SWS did not mention the anomaly.

Some studies showed a reduction in stage N2 sleep spindles and in
stage N2 sleep periods [38,39]. Another study found a high frequency
of cyclic alternating pattern (CAP) [40], which is a periodic EEG sleep
phenomenon that provides physiological measure of sleep stability. The
CAP phase Al pattern is an index of sleep stability, whereas CAP phase
A2 and A3 are markers of progressive sleep instability or poor sleep
quality. Increases in these last two patterns were found in FM patients
with poor sleep quality associated with disease severity [40].

Abnormalities
alteration

of circadian rhythm and biochemical

Disturbances of body circadian rhythm can contribute to poor
sleep, fatigue and exacerbations of other symptoms of FM [41]. In
humans circadian rhytmicity is originated by hypothalamus and FM
patients have a disturbed hypothalamic cortical adrenal axis [42,43].
Many studies show that FM patients have decreased levels of growth
hormone (GH) [44,45] and its metabolites, particularly during the
night [46].

Moutz et al. [47] used neuro-imaging of FM patients to examine
regional cerebral blood flow (rCBF) to specific brain structures and
showed that rCBF to the thalamus and caudate nucleus was decreased
in FM patients. Moreover, the loss GH secretion during slow wave sleep
may be linked to lesions in dorsal medial nucleus of the thalamus [48]
suggesting that rCBF may be involved in the GH secretion abnormalities
observed in FM patients.

Frequent alpha wave intrusion during delta wave sleep has been
associated with the reduced production of GH and insuline-like
growth factor 1 (IGF1) [49,50]. Moreover GH and IGF1 are involved
in the repair of muscle micro traumas. Sleep disturbances may affect
physiological healing mechanisms after muscle-tissue damage. This may
alter the transmission of sensory stimuli from damaged muscle tissue to
nervous system and enhance the perception of muscle pain [51]. About
90% of FM patients had inadequate GH response to exercise [45] and
one-third significantly low circulating IGF-1 levels [51].

GH replacement therapy significantly improved symptoms and
reduced the number of tender points in FM patients [52].

Elevated cerebral spinal fluid levels of substance P were also found
in patients with FM [53]. Substance P, a neuractive peptide, is widely
distributed throughout the nervous system and may contribute to
arousal [54]. Experimental studies showed that substance P influences
nociception and sleep via a neurokinin pathway [55].

These findings seem to support the hypothesis that a decrease in
substance P levels may reduce the arousing effects of substance P on the
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sleep/waking brain function in FM patients.
Sleep treatment approach

Poor sleep is one of the main symptoms in FM patients and could
be due or exacerbated by a variety of factors. It is important, before
starting to use a pharmacological approach, to obtain a detailed history
that includes not only the patient’s sleep habits but also his life style. It
is therefore useful to evaluate whether or not the patient is suffering
from sleep disturbances such sleep apnoea or restless leg syndrome
and define the environmental conditions during sleep (noisy ambient,
snoring partner, children etc.); by accurately collecting these data, it’s
possible to correct a life style which, sometimes, may contribute to alter
the quality of sleep in FM patients.

Here are some advices for patients in order to improve the quality
of their sleep:

e to maintain a regular sleep-waking rhythm every day;

e to sleep an appropriate number of hours (at least 6 hours per
night);

o to perform daily moderate physical activity;

e to avoid foods and/or pharmacological substance which may
interfere with sleep (smoke, alcohol, drugs, cocaine);

e To sleep in a quiet room with constant temperature, without
noise or troublesome light sources.

Some non-pharmacological physical methods such as ultrasound
and interferential current treatments, may increase slow wave sleep
and decrease the percentage of N1 sleep stage [56], reduce the periods
of unrefreshing sleep, fatigue, pain and the number of tender points.
Transcranial direct current stimulation of the primary motor cortex
may decrease arousals, thus reducing pain and increasing sleep quality
and efficiency [57].

U.S. Food and Drug Administration and the European Medicines
Agency approved three medications for FM: pregabalin, duloxetine
and milnacipram. It is demonstrated that all these medications can
positively influence sleep [58-62]. Duloxetine and milnacipram delay
the onset and reduce the duration of REM sleep, improving sleep
continuity and quality [63]. Pregabalin has beneficial effects on pain,
fatigue and quality of sleep [58]. Sleep improvement could be direct or
due to the reduction in pain or both [59,62,64].

FM patients are often treated with drugs that are not formally
approved for this indication, and some of these may also improve FM
related sleep disturbances. These include tricyclic antidepressants,
other antidepressants and anticonvulsants.

Neither cyclobenzaprine nor amitryptiline seem to alter alpha non
REM sleep. A small scale study of cyclobenzaprine found a beneficial
effect on pain and no occurrence of EEG alpha sleep disorders;
furthermore 10-50 mg decreased evening fatigue and increased total
sleep time [60].

Amitriptyline treatment showed that a small proportion of FM
patients was affected by alpha non REM sleep anomaly, although the
effect was not statistically significant. Clinical experience showed that
traditional sedatives and hypnotic benzodiazepine do not lead to any
specific benefit [65,66].

Sodium Oxybate is a sleep promoting drug that may have beneficial
effects on sleep physiology, restorative sleep, pain and fatigue. It is a
metabolite of the inhibitor neurotransmitter gamma-aminobutyne

acid, and its highest concentration is found in the hypothalamus and
basal ganglia.

In FM patients it promotes the normalization of non REM sleep
and increases slow wave sleep, thus improving the quality of sleep [67]

Conclusion

In 2010 the American College of Rheumatology in Preliminary
Diagnostic Criteria for Fibromyalgia and Measurement of Symptom
Severity [68] included patient-reported measure of unrefreshing sleep
(assessed by means of visual analogue scales) to support a diagnosis
of FM. Since managing sleep disorders could reduce FM symptoms,
it seems reasonable to include an evaluation of sleep problems in
the examination of FM patients [64,69]. Other disorders that may
influence sleep should be ruled out (sleep apnoea syndrome, periodic
limb movement), as well as any other medical condition that may
be associated with sleep disorders (diabetes, thyroid disorders,
hypertension). The principles underlying the evaluation of sleep and
sleep disorders are described in detail elsewhere [70]. Correcting sleep
disorders could reduce the symptoms severity and improve quality of
life in FM patients.

There is still a lack of studies involving the routine PSG testing for
FM patients [71], but PSG should be used if a detailed sleep history and
related examination suggest an underlying primary sleep abnormality.
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