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1. Introduction 

Fibromyalgia (FM) is a medically unexplained illness characterized by four quadrant pain 
lasting at least 3 months and accompanied by multiple areas of tenderness on palpation of 
the body using 4 kg force. FM occurs more often in women than men but is quite common in 
both sexes, occurring in approximately 3% of the population. Although sleep difficulties are 
not part of standard diagnostic criteria, insomnia complaints of poor and nonrestorative 
sleep are common and have been associated with intense of pain, fatigue, sleepiness, and 
cognitive difficulties in FM. 
FM frequently occurs in conjunction with chronic fatigue syndrome (CFS). CFS is a 
medically unexplained condition characterized by persistent or relapsing fatigue lasting at 
least 6 months, which substantially reduces normal activity. In addition to severe fatigue, 
one of the eight symptoms used for diagnosing CFS is “unrefreshing sleep”, and this sleep-
related problem is the most common complaint among CFS patients. 
Although, FM and CFS often have similar symptoms, including sleep-related complaints, 
differences between FM and CFS exist. In this chapter, we will review studies on sleep in 
FM and CFS patients in order to better understand differences between them. 
Polysomnographic studies have shown sleep problems in FM by using simple descriptive 
statistics, for instance, increased non-rapid eye movement (non-REM) Stage 1 sleep, reduced 
slow-wave (Stages 3 and 4) sleep, more arousals, prolonged sleep onset, reduced sleep 
efficiency, etc. Sleep problems in CFS shown by polysomnographic studies are quite similar 
to those in FM. However, we have shown that dynamic aspects of sleep, a new way of 
assessing sleep, are different between patients with CFS alone compared to those with 
CFS+FM. The probability of transition from rapid eye movement (REM) sleep to waking in 
CFS is greater than in healthy controls. Probabilities of transitions from waking, Stage 1 
sleep, and REM sleep to Stage 2 and those from slow-wave sleep to waking and Stage 1 
sleep are greater in FM+CFS than in healthy controls. 
Over the course of the many decades, sleep researchers have used simple descriptive 

statistics to characterize and summarize sleep architecture. While this methodology has 
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been extremely useful in defining the abnormalities that currently constitute sleep 

pathology, this approach does not explain specific patient complaints of disturbed and 

unrefreshing sleep. However, a dynamic analysis complements the classical approach by 

allowing an analysis of transition dynamics between sleep stages and shows that FM and 

CFS may be different illnesses associated with different problems in sleep regulation. 

2. Sleep studies and FM 

2.1 Sleep and symptoms of FM 

Although sleep difficulties are not part of standard diagnostic criteria (Wolfe et al., 1990), 

insomnia complaints of poor and nonrestorative sleep are common in patients with FM. An 

early study shows that 65.7% of patients with FM reported nonrestorative sleep (White et 

al., 1999). Recently, two epidemiologic studies (Bigatti et al., 2008; Theadom et al., 2007) 

reported that more than 90% of patients with FM complain about sleep problems such as 

difficulty falling asleep, difficulty falling back to sleep after waking up during nocturnal 

sleep, and unrefreshing sleep. Sleep is also one of the domains which associate most 

strongly with the patients’ overall impression of improvement (Arnold et al., 2011). 

Data strongly suggest that FM-like symptoms develop following sleep disruption in healthy 

volunteers. Four studies in normal healthy controls (Lentz et al., 1999; Moldofsky et al., 

1975; Moldofsky & Scarisbrick, 1976; Onen et al., 2001) have reported increases in 

musculoskeletal pain and/or decreases in pain threshold after a period of sleep disruption 

or deprivation, while one study did not find this result (Older et al., 1998). Moldofsky’s 

group found that Stage 4 sleep deprivation was associated with increasing in tenderness, 

musculoskeletal symptoms, and mood disturbances (Moldofsky et al., 1975; Moldofsky & 

Scarisbrick, 1976). In addition, healthy volunteers with disrupted sleep produced 

experimentally by sound pulses every 2 minutes but with normal total sleep time had a 

decrease in day-time energy levels. Moreover, their ability to do complex auditory 

monitoring tasks was also impaired (Martin et al., 1996). These data indicate that partial 

sleep deprivation can produce the hallmark symptoms of FM – namely, musculoskeletal 

achiness, marked daytime fatigue, and cognitive problems. 

One study reported that sleep disturbances led to exacerbation of pain in patients with FM 

(Affleck et al., 1996). One recent study reported that negative mood (i.e., depression and 

anxiety), which are common among chronic pain patients or poor sleepers, almost fully 

mediated the relationship between sleep and pain in chronic pain patients (O'Brien et al., 

2010). Moderating impact of depressive symptoms on the relationship between sleep and 

pain was also reported in another study (O'Brien et al., 2011). 

2.2 Sleep disorders in patients with FM 

One group suggested that as many as 33% of individuals with FM had the restless leg 
syndrome (Viola-Saltzman et al., 2010). Another recent study (Gold et al., 2004) reported a 
high rate of sleep disturbed breathing in patients with FM (i.e., 96%). The prevalence of 
overweight women (Moldofsky, 2002) may contribute to sleep disturbed breathing, such as 
sleep apnea and inspiratory airflow limitation with arousals (Gold et al., 2004). However, 
one study found that patients with FM had the same frequency of sleep apnea as normal 
controls (Molony et al., 1986). Unpublished data from our laboratory finds rates of FM in 
patients with polysomnography-documented obstructive sleep apnea to be similar to those 
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found in the community. A genetic study found common genetic characteristics between 
FM and narcolepsy (Spitzer & Broadman, 2010). 

2.3 Sleep abnormality in patients with FM 

In contrast to studies on sleep pathology, a host of studies strongly suggest that the pattern 
of sleep is abnormal in many FM patients. The most consistent abnormality is significantly 
increased Stage 1 sleep compared to healthy controls (Anch et al., 1991; Cote & Moldofsky, 
1997; Drewes et al., 1994; Landis et al., 2004; Leventhal et al., 1995; Molony et al., 1986; 
Shaver et al., 1997). Sleep disturbance in patients with FM is obvious because 
polysomnographic studies have shown longer sleep latencies (Drewes et al., 1994; Horne & 
Shackell, 1991; Landis et al., 2004), more wakefulness (Drewes et al., 1994), reduced sleep 
efficiency (i.e., the proportion of time spent sleeping relative to the time available for 
sleeping) (Drewes et al., 1994; Landis et al., 2004), reduced Stage 2 sleep (Landis et al., 
2004), and reduced Stage 4 sleep (Anch et al., 1991; Lashley, 2003) in FM patients compared 
to healthy control subjects of similar age. Patients with FM awaken more easily (Perlis et al., 
1997) and compared to healthy controls have higher levels of physical activity during the 
night (Affleck et al., 1996; Korszun et al., 2002). 
Although sleep efficiency was comparable to that of controls, FM patients showed more 
arousals (Jennum et al., 1993; Molony et al., 1986) and Stage 1 sleep (Molony et al., 1986). 
Molony et al. reported that patients with FM had three times more microarousals (brief sleep 
interruptions lasting 5-19 seconds) per hour than did healthy controls (Molony et al., 1986). 
These results indicate that patients with FM have poor sleep quality with fragmented sleep. 
An alpha-EEG anomaly during non-REM sleep has been considered a biologic correlate of 
chronic pain and a possible basis of nonrestorative sleep complains in patients with FM 
(Branco et al., 1994; Moldofsky et al., 1975; Moldofsky & Scarisbrick, 1976; Moldofsky, 1989; 
Roizenblatt et al., 2001). The alpha-EEG anomaly is excessive alpha wave intrusion which 
has been interpreted as a heightened arousal state during non-REM sleep (Moldofsky, 1989; 
Scheuler et al., 1983). However, this has not been found consistently across studies (Horne & 
Shackell, 1991). Alpha-delta sleep is an abnormal sleep EEG rhythm characterized by alpha 
activity that is superimposed on delta waves of Stages 3 and 4 sleep (McNamara, 1993). 
Horne and Shackell found that the mean alpha activity in Stages 2, 3, and 4 sleep were 
greater for the patients with FM than in healthy controls (Horne & Shackell, 1991). Branco et 
al. studied alpha and delta activity and the alpha-delta ratio across sleep cycles in patients 
with FM and healthy controls (Branco et al., 1994). The alpha-delta sleep anomaly occurred 
in almost all patients who had fragmented sleep; this anomaly was not observed in any of 
the healthy controls. Perlis et al. found that the alpha-EEG sleep associated with perception 
of shallow sleep and an increased tendency to display arousal in response to external 
auditory stimuli (Perlis et al., 1997). 
Most studies on alpha-EEG anomaly in patients with FM have been based on visual and hence 
relatively subjective analysis of the EEG. Using spectral analysis, a quantitative measurement 
is provided not only for alpha component of EEG, but also for other existing frequency 
components. Drewes et al. examined spectral EEG patterns and found that patients with FM 
showed more power in the alpha (higher frequency) band and a decrease in the lower 
frequency bands in Stages 2, 3, and 4 sleep and all sleep cycles (Drewes et al., 1995). However, 
the alpha-EEG anomaly is not specific for patients with FM in that it also occurs in healthy 
individuals (Horne & Shackell, 1991; Scheuler et al., 1983; Shaver et al., 1997) and in patients 
with disorders such as rheumatoid arthritis and CFS (Moldofsky et al., 1983; 1988). 
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A task force of the American Sleep Disorders Association has defined a cortical arousal 
(American Sleep Disorders Association, 1992) as a return to alpha or fast frequency EEG 
activity, well differentiated from the background, lasting at least 3 seconds. Cortical 
microarousals are briefer arousals lasting at least 1.5 seconds (Martin et al., 1997). While the 
major focus of sleep researchers studying arousals has been on EEG measures, one group 
(Pitson & Stradling, 1998) suggested that non-EEG markers might be an important and even 
more reliable sign of arousals than cortical arousal as reflected by the EEG. For example, it is 
known that somatosensory and auditory stimulation during sleep can produce alterations in 
cardiac, respiratory, and somatic measures without overt EEG desynchronization (Carley et 
al., 1997; Halasz, 1993; Winkelman, 1999). These changes are thought to reflect activation of 
the brainstem or subcortical arousal system without affecting the cortex. Hence current 
thinking is that there are different levels of arousal responses generated from subcortical 
and cortical areas of the brain (Sforza et al., 2000, 2002). 
One study (Sforza et al., 2000) showed that bursts of K-complexes and delta waves, 
expressions of an activation of subcortical arousal system, represent a real arousal response 
inducing cardiac activation similar to that found during cortical arousals (microarousal and 
phases of transitory activity). We have investigated sleep microstructure in young healthy men 
with no sleep complaints (Togo et al., 2006). We found increases in delta wave power in both 
cortical and subcortical arousals relative to just before the onset of the arousals; increases in 
delta power might be an even better measure of arousals than alpha wave changes. 
Symptoms of unrefreshing sleep are reported to be greater when the cyclic alternating 
pattern (CAP, periodic appearance of delta waves and K-complexes) of EEG occupies a 
greater percent of sleep (Terzano & Parrino, 2000). Sforza et al. suggested that bursts of delta 
waves and K-complexes were expressions of subcortical arousals representing a real arousal 
response with tachycardia similar to that seen during cortical arousals (Sforza et al., 2000). 
Patients with FM have increased amounts of CAP – more so in the more severely 
symptomatic patients (Rizzi et al., 2004). 

3. Sleep studies and CFS 

3.1 Sleep disorders in patients with CFS 

One of the symptoms used for diagnosing CFS is unrefreshing sleep, and, in fact, this sleep-
related problem is the most common complaint among patients with severe medically 
unexplained fatigue (Unger et al., 2004). Partial sleep deprivation in healthy people can 
produce marked daytime fatigue (Martin et al., 1996), cognitive problems (Martin et al., 
1996), and musculoskeletal achiness (Lentz et al., 1999; Moldofsky & Scarisbrick, 1976; Onen 
et al., 2001), which are the hallmark symptoms of CFS. 
Several early studies suggested that as many as one-half of individuals with CFS have mild 
sleep apnea syndrome (five or more episodes per hour of apnea/hypopnea), periodic leg 
movements, or the restless leg syndrome (Buchwald et al., 1994; Krupp et al., 1993). Other 
studies with more stringent criteria for these disorders either did not find this result (Krupp 
et al., 1993; Le Bon et al., 2000; Sharpley et al., 1997; Togo et al., 2008). 

3.2 Sleep abnormality in patients with CFS 

Polysomnographic studies suggest that the sleep architecture is abnormal in CFS patients. 
The most consistent abnormality is significantly reduced sleep efficiency when compared to 
controls (Fischler et al., 1997; Krupp et al., 1993; Morriss et al., 1993; Sharpley et al., 1997); 
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the reported average values range from clearly abnormal (i.e., 76.5%) (Fischler et al., 1997) to 
those within the normal range (i.e., 90%) (Morriss et al., 1993). From one study providing 
data on individual patients’ sleep efficiencies, one can estimate that 75% of CFS patients 
have reduced sleep efficiences (Krupp et al., 1993). Sleep disturbance in these patients is 
obvious because they often show increases in time needed to fall asleep (Morriss et al., 1993; 
Sharpley et al., 1997) and multiple periods of awakenings or arousals (Fischler et al., 1997; 
Morriss et al., 1993; Sharpley et al., 1997). Decrease in total duration of Stage 4 sleep has also 
been reported (Fischler et al., 1997). 
We have recently reported the sleep architecture of a sample of female CFS patients during a 
fixed period of their menstrual cycle and after excluding patients with diagnosable sleep 
disorders and co-existing major depressive disorder to reduce patient pool heterogeneity 
(Togo et al., 2008). These patients differed significantly from matched controls in showing 
evidence of sleep disruption in the form of significantly reduced total sleep time, reduced 
sleep efficiency, and shorter bouts of sleep than healthy controls. In comparison with 
controls, sleep in CFS had little effect on either self-reported sleepiness or fatigue. And, 
interestingly, for patients only, ratings of sleepiness and fatigue correlated well with total 
sleep duration and efficiency. Dichotomizing the patients into a group that felt sleepier after 
a night's sleep than before sleep [a.m. sleepier] and a group that felt less sleepy after a 
night's sleep [a.m. less sleepy] reduced the variability of the sleep records considerably 
(Togo et al., 2008).  
Those patients reporting less sleepiness after a night's sleep had sleep structures similar to 

those for healthy controls except for a shorter total sleep time and a commensurate 

reduction in Stage 2 sleep; moreover, they reported their fatigue and pain to diminish 

following sleep. In contrast, patients in the a.m. sleepier group had the greatest 

abnormalities of sleep architecture, including poor sleep efficiency, longer sleep latency, and 

more disrupted sleep as manifested by a higher percentage of short-duration sleep runs, 

than either controls or patients in the a.m. less sleepy group. 

As the time since awakening from sleep increases, sleep latency decreases (Devoto et al., 

1999), and one early study of young adults reported an average sleep latency of 30 seconds 

after a night of sleep deprivation (Carskadon & Dement, 1979). We have determined latency 

to fall asleep for patients with CFS and healthy controls, previously habituated to sleeping 

in a sleep lab, after such a night of sleep deprivation in our laboratory (Nakamura et al., 

2010). Nine healthy subjects fell asleep within 5 minutes, however 3 subjects took longer – 

falling asleep within 9 minutes. The CFS patients as a group showed a significantly longer 

latency to fall asleep after sleep deprivation, but the study population fell out into two 

groups with the largest group of 10 patients falling asleep within 5 minutes. However, the 

remaining 5 patients remained awake for a longer period than any control, suggesting that 

they may have a disorder of arousal. Sleep latency following sleep deprivation correlated 

inversely with sleep efficiency on the normal sleep night for the patients with CFS. Our 

results indicate that some CFS patients may have a disorder of arousal which interferes with 

normal sleep and may, at least in part, be responsible for their disabling fatigue. 

3.3 Exercise and sleep in patients with CFS 

Exercise elevates core body temperature and increases total duration of slow-wave sleep in 

the night following exercise in healthy people (Horne & Staff, 1983). To our knowledge, only 

our study (Togo et al., 2010) has compared sleep in CFS patients before and after exercise. 
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Exertion is a particularly interesting thing to study in CFS because a disabling and 

characteristic feature of CFS patients is that even minimal exertion produces a dramatic 

worsening of symptoms (Komaroff & Buchwald, 1991). No such effect occurs in healthy 

controls and, in fact, some reports, although anecdotal, suggest that acute exercise can 

actually improve sleep (Youngstedt et al., 1997). 

We have used a standard cardiac-type stress test to probe effects of exertion on symptoms in 
CFS patients in other studies too. First we found that CFS patients reported more fatigue as 
much as four days after the exercise stress test (Sisto et al., 1996). Next, we used actigraphy 
to monitor activity before and after exercise and found that activity levels also fell significantly 
four days after the exercise stress test (Sisto et al., 1998). We recently replicated and extended 
this finding using real-time assessment techniques and demonstrated that CFS symptoms do 
worsen several days after maximal exercise but that neither mood nor cognitive function was 
affected (Yoshiuchi et al., 2007). We interpreted these changes in activity to support the patient 
complaint of worsening of symptoms induced by exercise or effort. 
We recently investigated the influence of an acute bout of exercise on polysomnography and 
self-reported measures of sleep (Togo et al., 2010). CFS patients as a group have disrupted 
sleep characterized by significantly poorer quality sleep than controls. However, the 
patients as a group showed evidence of improved sleep after exercise. The results were 
clearer after we used the same stratification strategy that we had used in our earlier work 
(Togo et al., 2008), that is, splitting subjects into those who were either sleepier or less sleepy 
after a night’s sleep. As expected, exercise improved the sleep quality of healthy controls 
who had reported decreased morning sleepiness after the baseline sleep night. Contrary to 
expectation, it had the same result in CFS patients with decreased morning sleepiness. 
However, patients who reported increased morning sleepiness showed no improvement in 
sleep disruption, but exercise did not exacerbate their sleep pathology. These patients also 
had the lowest average sleep efficiency of any of the groups studied. Because exercise did 
not produce a significant worsening of sleep morphology in CFS, the complaints of 
symptom worsening, which are reported to occur the next day after exertion, cannot be 
explained by disruption in sleep. After exercise, approximately half the patients actually 
sleep better than on their baseline study night, whereas the rest simply did not improve. 

4. Sleep dynamics 

4.1 Sleep dynamics in healthy humans 

Most sleep studies have been performed based upon sleep stage scoring according to the 
traditional standardized criteria established by Rechtschaffen and Kales (Rechtstchaffen & 
Kales, 1968). While this methodology has been extremely useful to describe sleep 
architecture, sleep stage analysis has been limited to simple descriptive statistics, such as 
total sleep time, sleep efficiency, the number of awakenings, latencies to sleep onset and 
REM sleep, and the total duration of each sleep stage. 
Recently, sleep dynamics, such as transition probabilities among sleep stages and duration 
distributions of each sleep stage, has been reported by some studies in which the importance 
of dynamical aspects of sleep has been pointed out (Comte et al., 2006; Kishi et al., 2008, in 
press; Lo et al., 2002). Yassouridis et al. (Yassouridis et al., 1999) studied survival time 
statistics of a particular sleep stage ended by other different sleep stages with their event 
history analysis, a modification of the Cox regression analysis of life-tables (Cox, 1972), by 
assuming an exponential decay of sleep stage durations, 
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 ( ) ~ tP t e   (1) 

where the P(t) is a probability distribution of durations t of a sleep stage and the τ is a 

constant. Lo et al. studied the dynamics of two-state asleep-awake transitions during sleep 

in humans, focusing on the duration distributions, and found entirely different behavior  

in the periods awake and asleep (Lo et al., 2002). Subsequently, they expanded their 

investigations in humans to other mammalian species, i.e., mice, rats, and cats (Lo et al., 

2004). Durations of awake during sleep exhibited a power-law distribution for all species, 

while durations of sleep episode followed exponential distributions. Comte et al. 

investigated the transition probabilities and duration distributions of three sleep stages 

(awake, non-REM, and REM sleep) in rats (Comte et al., 2006). Duration statistics of REM 

sleep in rats took a power-law probability distribution, 

 ( ) ~P t t 
 (2) 

where the α is a constant, partially devaluing the exponential survival time analysis. Finding 

a power-law relation in REM sleep and waking durations rather than an exponential decay 

characteristic of random survival times (Lo et al., 2002, 2004) points to the presence of an 

underlying complex mechanism governing sleep stage transitions because power-law or 

heavy-tailed distributions of survival times are often observed in a variety of complex 

systems (Sethna et al., 2001; Sornette, 2004). 

We have recently investigated transition dynamics in humans for six sleep stages (awake, 

Stages 1, 2, 3, and 4 sleep, and REM sleep), the entire set of sleep states in humans (Kishi et 

al., 2008). Duration of slow-wave sleep follows a power-law probability distribution 

function, while the durations of Stage 1 sleep take an exponential function, those of Stage 2 

sleep obey a stretched exponential form characteristic of a multifactorial decay (Sornette, 

2004), and REM sleep durations follow an exponential function. We have also found a 

substantial number of REM to non-REM sleep transitions in humans, while this transition is 

reported to be virtually nonexistent in rats (Comte et al., 2006). These features likely reflect 

stage-specific neural activities (De Gennaro & Ferrara, 2003; Hobson et al., 1986; Koyama & 

Hayaishi, 1994; McCarley, 2007), and theories explaining different duration or survival time 

distributions (Sornette, 2004) might give deeper insights into the underlying mechanisms 

governing sleep stage regulations. 

4.2 Sleep dynamics in patients with FM and CFS 

FM and CFS share considerable overlapping symptoms, including sleep-related complaints. 
However, differences between FM and CFS have been reported, and research focusing on 
uncovering differences between these medically unexplained illnesses is helpful to understand 
them, rather than focusing on their similarities (Lange & Natelson, 2009). Polysomnographic 
studies have shown that sleep problems in FM and CFS are quite similar, for instance, 
increased Stage 1 sleep, reduced slow-wave sleep, more arousals, prolonged sleep onset, 
reduced sleep efficiency, and the alpha-EEG anomaly, as shown in the previous sections 
(Fischler et al., 1997; Moldofsky, 2008; Sharpley et al., 1997; Van Hoof et al., 2007). However, 
these observations are not consistent between studies for both FM and CFS, and there are even 
cases not showing any statistical differences in normal sleep parameters between healthy 
controls and FM or CFS patients (Afari & Buchwald, 2003; Chervin et al., 2009; Fischler, 1999; 

www.intechopen.com



 
New Insights into Fibromyalgia 

 

10

Reeves et al., 2006). In our study (Togo et al., 2008), after excluding patients with diagnosable 
sleep disorders, such as sleep-disturbed breathing and leg movement disorders, patients with 
CFS plus FM had sleep architecture similar to those of patients with CFS alone. 
We have found robust differences in sleep dynamics between healthy controls and patients 
with CFS (Kishi et al., 2008). Although the duration distributions of each sleep stage are not 
different between healthy controls and patients with CFS, probabilities of transition from 

both Stage 1 sleep and REM sleep to awake are significantly greater in patients with CFS 
than healthy controls, indicating that the influence of factors interfering with the 
continuation of Stage 1 sleep and REM sleep may be different between healthy controls and 

CFS patients, while the fundamental mechanisms determining durations of each sleep stage 
are similar. CFS patients might not have a dysfunction in systems maintaining each sleep 
stage, but they may have a disturbed switching mechanism governing sleep stage 
transitions. Our data suggest that the major complaint of CFS patients of “unrefreshing 

sleep” may be derived from this sudden arousal from both Stage 1 sleep and REM sleep. 
One study (Burns et al., 2008) showed that sleep stage dynamics was different between 
patients with FM and healthy controls. Patients with FM showed a parameter that reflects 

shortened durations of Stage 2 sleep periods. Although shorter Stage 2 sleep durations did 
not predict daytime sleepiness, they did predict pain which is the main symptom in FM. 
Short Stage 2 sleep durations may associate with sleep fragmentation or pressure for 
recovery sleep. 

We have recently compered dynamical aspects of sleep, such as transitions probabilities 

between sleep stages between CFS alone and CFS+FM patients and found differences 

between them, although sleep architecture did not differ between the groups (Kishi et al., in 

press). CFS alone has greater probabilities of transitions from REM sleep to awake than 

healthy controls. This result could be interpreted as a lower sleep pressure in CFS alone. In 

contrast, CFS+FM has greater probabilities of transitions from waking, Stage 1 sleep, and 

REM sleep to Stage 2 sleep and from Stage 2 sleep to slow-wave sleep than healthy controls, 

suggesting the increased sleep pressure in CFS+FM. Transitions from waking and REM 

sleep to Stage 2 sleep are unusual transitions in healthy humans (Kishi et al., 2008). CFS+FM 

also has greater probabilities of transitions from slow-wave sleep to waking and Stage 1 

sleep, suggesting that this may be the specific sleep problem of CFS+FM. 

There are reports of decreased level of central serotonin in FM patients (Juhl, 1998; Neeck & 

Riedel, 1994). On the other hand, it has been observed that central serotonin responses are 

upregulated in CFS patients (Afari & Buchwald, 2003; Weaver et al., 2010). We have recently 

reported that the administration of central monoaminergic (serotonergic and dopaminergic) 

antagonist alters dynamical sleep stage transitions from Stage 2 sleep to slow-wave sleep; 

probability of transition from Stage 2 sleep to slow-wave sleep was significantly increased 

when central serotonergic and dopaminergic antagonist was administered (Kishi et al., 

2010). Such monoaminergic systems are closely related with pain modulation (Bannister et 

al., 2009). Thus, the imbalance of central monoaminergic (serotonergic) systems in FM 

patients would lead to abnormalities of pain modulations and sleep regulations. 

5. Conclusion 

Patients with FM and CFS often have sleep-related complaints. Polysomnographic studies 

have shown sleep problems in FM, i.e., increased Stage 1 sleep, reduced slow-wave sleep, 

www.intechopen.com



 
Sleep and Fibromyalgia 

 

11 

more arousals, prolonged sleep onset, reduced sleep efficiency, the alpha-EEG anomaly 

during sleep. Although these problems are also shown in patients with CFS, dynamic 

aspects of sleep show different patterns between FM and CFS patients. Patients with 

CFS+FM had greater probabilities of transitions from waking, Stage 1 sleep, and REM sleep 

to Stage 2 sleep and from Stage 2 sleep to slow-wave sleep than healthy controls, suggesting 

the increased sleep pressure in CFS+FM. In contrast, CFS alone has greater probabilities of 

transitions from REM sleep to awake than healthy controls, suggesting the lower sleep 

pressure in CFS alone. Finding such differences is support for the thesis that FM is different 

illness from CFS, associated with different problems in sleep regulation. 
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