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Introduction

Neurodegenerative diseases are characterized by progressive 
neuronal loss in the nervous system and abnormal deposition 
of some proteins such as alpha-synuclein, tau, or amyloid 
thought to lead to cell dysfunction. The etiology of most 
of the neurodegenerative diseases is still unknown. Several 
sleep disorders including insomnia, rapid eye movement 
(REM) sleep behavior disorder (RBD), periodic leg move-
ments in sleep (PLMS), restless legs syndrome (RLS), ex-
cessive daytime sleepiness (EDS), and nocturnal stridor have 
been described in patients with neurodegenerative diseases. 
However, the idea that sleep disorders occur commonly in 
neurodegenerative diseases is relatively new, although one 
can find descriptions of sleep problems in the classical de-
scriptions of Parkinson disease (PD), multiple system at-
rophy (MSA), hereditary ataxias, progressive supranuclear 
palsy (PSP), and Huntington disease (HD). PD can be con-
sidered as a representative neurodegenerative disorder where 
the main sleep symptoms, namely, insomnia, EDS, and para-
somnia, commonly occur.

Parkinson Disease

PD is caused by progressive neuronal loss in many regions 
of the brain leading to dysfunction of several neurotransmit-
ter systems, particularly the nigrostriatal and mesolimbic do-

paminergic systems. The structures that regulate the sleep–
wake cycle are also damaged by the disease process. PD is 
clinically characterized by gait and postural abnormalities, 
resting tremor, rigidity, and bradykinesia. In addition, pa-
tients present nonmotor manifestations such as depression, 
anxiety, dementia, autonomic impairment, and sleep distur-
bances [20].

In his monograph written in 1817, James Parkinson first 
recognized that sleep disturbances are an important com-
ponent of the condition that he originally termed paralysis 
agitans [96], particularly in patients in the last stage of the 
disease. For many years, however, neurologists considered 
insomnia as the only relevant sleep problem. The presence 
of sleep disruption was considered a risk for developing le-
vodopa psychosis [87, 111] and likely related to chronic le-
vodopa therapy. This attitude changed completely after the 
publication of two highly relevant papers: one by Schenck 
et al. in 1996 [108] describing the development of parkin-
sonism in patients initially diagnosed with idiopathic RBD, 
and another by Frucht et  al. in 1999 [33] describing sleep 
attacks in patients taking the dopamine agonists pramipexole 
and ropinirole (Fig. 32.1).

Sleep complaints in patients with PD are more frequently 
common than in healthy age-matched controls, can be se-
vere, and in some cases are the initial manifestation of the 
disease [2, 108], and can have a negative impact on qual-
ity of life [30, 65, 70, 77, 119]. Insomnia, sleep fragmenta-
tion, nocturia, stiffness, difficulties in turning over in bed, 
akathisia, nocturnal restless legs, cramps, nightmares, vig-
orous motor and vocal dream-enacting behaviors, visual 
hallucinations, confusional awakenings, snoring, witnessed 
apneas, painful early-morning dystonia, and EDS are some 
of the sleep problems described in PD. Sleep complaints and 
polysomnography (PSG) abnormalities found in patients 
with PD are multifactorial. They are related to damage and 
functional dysregulation of the brain structures and mecha-
nisms involved in sleep origin and maintenance, the effects 
of antiparkinsonian drugs on sleep, parkinsonism severity, 
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comorbid conditions such as anxiety, depression, and de-
mentia, aging, and genetic individual susceptibility. In gen-
eral, sleep disturbances gradually worsen with the progres-
sion of the disease.

Insufficient and Fragmented Nocturnal sleep

Most patients with PD report insufficient sleep as a result 
of frequent awakenings, and less commonly, early-onset 
insomnia and early-morning awakening [65, 70, 77, 119]. 
In patients with PD, poor and reduced sleep causes severe 
daytime fatigue and tiredness. Interestingly, as noted in 
primary insomnia, poor quality and reduced duration of 
nocturnal sleep in PD are not related to the development 
of EDS. [6, 103]. Surprisingly, a more robust and continu-
ous sleep architecture has been associated with more se-
vere sleepiness [103]. The main cause of reduced and frag-
mented sleep in patients with PD is the severity of parkin-
sonian symptoms. Although muscle tone decreases during 
sleep, variable degrees of rigidity can be experienced by 
patients with PD during the different stages of sleep. This 
rigidity accounts for complaints of stiffness, back pain, and 
leg cramps. Nocturnal akinesia is responsible, along with 

stiffness, for poor nocturnal mobility that manifests as dif-
ficulties turning over or getting out of bed. This situation 
can be extremely distressing to patients who need to go to 
the toilet several times at night. In patients with advanced 
PD, chronic treatment with bilateral subthalamic stimula-
tion improves subjective sleep quality, something that is 
thought to be a consequence of increased nocturnal mobil-
ity secondary to a an improvement in rigidity and brady-
kinesia [5, 54]. Patients with PD who also have dementia 
may exhibit confusional awakenings and visual halluci-
nations leading to sleep fragmentation and nonrestorative 
sleep. The main contributors to early-onset insomnia in 
patients with PD are anxiety, depression, dyskinesias in-
duced by dopaminergic drugs, and the intrinsic effect of 
several antiparkinsonian drugs such as selegiline and le-
vodopa. Depression and early-morning trunk and foot dys-
tonia cause early awakening. Circadian sleep–wake cycle 
disruption is another cause of disturbed nocturnal sleep 
in patients with PD. These individuals have an exagger-
ated tendency toward an advancement of phase, thereby 
developing an irregular sleep–wake pattern characterized 
by early-morning awakening and evening sleepiness. This 
situation is frequently associated with an advanced disease 
state, depression, and dementia.

Fig. 32.1   Number of articles 
published between the years 1966 
and 2013 dealing with “Parkinson 
disease” (PD) and with “sleep 
disorders and PD.” The number 
of publications on the area of 
PD in 2013 doubled the number 
of articles published in 1999, 
whereas for the area of sleep 
disorders and PD there were six 
times more articles in 2013 than 
in 1999. (Source: Pub Med)
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Excessive Daytime Sleepiness

Most of the studies dealing with EDS in PD have been pub-
lished after 1999, following the paper by Frucht et al. [33]. 
It is illustrative, as an example, to review the 1998 [90] and 
2001 [92] “Algorithms for the management of PD” in the 
journal Neurology to see how EDS was contemplated be-
fore and after the Frucht et al. [33] paper was published. In 
the twentieth century, EDS in PD was considered rare, and 
usually related to medications. This perception completely 
changed after the description of “sleep attacks” in PD pa-
tients treated with the dopaminergic agonists pramipexole 
and ropinirole.

The prevalence of persistent EDS in patients with PD 
ranges from 15.5 to 74 % [29, 39, 41, 47, 116, 117, 120, 
126]. The main factors contributing to persistent EDS are 
the intrinsic pathology of PD and the sedative effects of the 
dopaminergic drugs. In patients with PD, the development 
of persistent EDS may be related to progressive cell loss in 
the dopaminergic and nondopaminergic brain structures, and 
circuits that modulate the sleep–wake mechanisms. In gen-
eral, persistent EDS is associated with advanced parkinson-
ism and the use of dopaminomimetics. Other possible causes 
of persistent EDS should be considered before determining 
whether EDS is caused by the disease itself or by the effects 
of dopaminomimetics. Circadian dysrhythmia, obstructive 
sleep apnea, depression, dementia, and the concomitant use 
of other sedative drugs such as hypnotics are thought to con-
tribute to persistent EDS.

There is a subgroup of sleepy PD patients with short mean 
sleep latency and the presence of REM sleep periods on the 
multiple sleep latency test [6, 103]. In PD, cerebrospinal 
fluid (CSF) hypocretin levels, however, have been reported 
to be normal [23] and cataplexy does not occur. In unselected 
PD patients, autopsies show a loss of 23–62 % of hypocretin 
cells, but CSF hypocretin levels are normal in PD with and 
without dementia [32, 122] (Table 32.1).

Sudden onset of sleep episodes (SOS), or sleep attacks, 
are less common than persistent EDS in patients with PD 

[50]. Among patients with PD treated with dopaminergic 
drugs, the prevalence of SOS is estimated to range from 0 
to 32 % [29, 47, 117, 120]. Episodes of SOS are considered 
to be the result of a dopaminergic class effect; that is, they 
have been shown to be associated with the use of virtually all 
dopaminergic drugs, occur several days or months after the 
introduction of the dopaminergic drug, and usually resolve 
or decrease after its withdrawal, reduction, or replacement. 
The most common variables associated with SOS episodes 
are therapy with dopamine agonists, duration of parkinson-
ism, elevated Epworth Sleepiness Scale scores, age, and sex 
[83, 91, 97]. In PD, modafinil [49] and sodium oxybate [94] 
may improve EDS.

Sleep-Disordered Breathing

Several studies have shown that sleep-disordered breathing 
is common in patients with PD, especially in those individu-
als complaining of sleepiness. However, it is not significant-
ly more prevalent in patients with PD than in age-matched 
populations [10, 26, 27, 89, 123] (Table  32.2). In PD, the 
frequency of an apnea–hypopnea index greater than 5 is 
27–54 %, and the frequency of greater than 30 is 4–15 %. The 
number of apneas does not change across consecutive nights 
and is not modified by the introduction of a dopaminergic 
agent. The number of apneas per hour in PD is not associated 
with age, gender, body mass index, the occurrence of RBD, 
oxyhemoglobin saturation at night, scales that assess sleepi-
ness, and parkinsonism severity. Therefore, it seems that PD 
itself does not confer an increased risk of obstructive apneas 
and that the frequent presence of this condition in PD is a 
reflection of aging or reduction of the upper airway space. 
Nevertheless, patients with PD who experience EDS should 
undergo routine PSG to identify the potential for obstructive 
sleep apneas. In these cases, correct treatment of this condi-
tion with continuous positive airway pressure (CPAP) can 
help them greatly.

Table 32.1   Comparison between Parkinson disease with narcolepsy with cataplexy and with narcolepsy without cataplexy
Narcolepsy with cataplexy Narcolepsy with-

out cataplexy
Parkinson 
disease

Hypersomnia + + +
Sleep attacks + + +
Cataplexy + - -
Hallucinations + + +
Sleep paralysis + + -
REM sleep behavior disorder + + +
HLA DQB1*0602 > 90 % 60 % 30 %
Sleep onset REM periods in the multiple sleep latency test + + +/-
Absent hypocretin in cerebrospinal fluid > 90 % 10 % 0 %
Loss of hypocretinergic cells in the hypothalamus 90 % 30 % 23–62 %
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REM Sleep Behavior Disorder

RBD is a parasomnia first described in five patients in 1986 
by Schenck et al [106], who expanded the following year 
[107] the observation to ten new patients, involving pre-
dominantly older men (half of whom had a major neurologic 
disorder including parkinsonism). Since that time, RBD has 
taken an increasingly important role in understanding sleep 
in PD. Before the description of RBD, episodes of noctur-
nal agitation were considered a variant of somnambulism, 
and thought to appear out of deep nonrapid eye movement 
(NREM) sleep and probably induced by levodopa (Scharf 
et al 1978).

RBD is characterized by dream-enacting behaviors, fear-
ful dreams, and REM sleep without atonia. RBD may be id-
iopathic or associated with neurodegenerative diseases [60]. 
Studies from three different groups have shown that patients 
with idiopathic RBD develop the classical motor and cogni-
tive symptoms of PD, dementia with Lewy bodies, and MSA 
with time [58, 61, 101, 108, 109].

RBD occurs at least in one-third of patients with sporadic 
PD [34, 105] and is also frequent in patients with PD second-
ary to mutations in the parkin gene [71]. RBD occurs in PD 
patients untreated or treated with dopaminergic agents. RBD 
is more common in the rigid-akinetic clinical subtype of the 
disease than in the tremoric subtype [72]. For reasons not 
yet known, RBD is more common in male patients with PD 
than in female patients. Of note, up to 29 % of patients with 
PD with confirmed RBD by video-PSG are unaware of their 
abnormal motor and vocal sleep behaviors, and up to 13 % 
do not recall dreaming [57]. In these cases, history sugges-

tive of RBD can be obtained only from the bed partner. On 
the other hand, hallucinations, somnambulism, confusional 
awakenings, and severe obstructive sleep apneas may mimic 
RBD symptoms in PD [52]. The sensitivity of specialized 
interviews for identifying RBD in patients with PD varies 
from 33 to 95 %. There is some evidence that RBD in PD 
is associated with dementia [128], age, and disease duration 
[115]. However, the occurrence of RBD in nondemented PD 
subjects with early stages of the disease is not uncommon. 
When comparing patients who have PD and RBD with pa-
tients who have idiopathic RBD and MSA with RBD, there 
are few differences in RBD-related clinical and sleep mea-
sures [57]. The pathophysiology of RBD in patients with PD 
is thought to result from the degeneration or dysfunction of 
the brainstem structures that modulate REM sleep [60]. Such 
areas include the medial medulla, pedunculopontine, and 
subcoeruleus mesopontine regions, and their anatomic con-
nections with the substantia nigra pars reticulata, basal gan-
glia, hypothalamus, and limbic system. Postmortem studies 
examining the brains of patients with PD have shown that 
the degenerative process begins in the lower brainstem and 
advances upward through the pons before reaching the mid-
brain where the substantia nigra is located [17]. This might 
account for the observation that RBD precedes the onset of 
parkinsonism. However, an alternate sequence of neuro-
pathologic events may take place to account for the more 
common finding of parkinsonism preceding RBD. RBD in 
PD, and associated with any other condition including the 
idiopathic form, responds to low doses of clonazepam at 
bedtime. Melatonin can be a therapeutic alternative in those 
few cases that do not respond to clonazepam or do not toler-

Table 32.2   Obstructive sleep apnea in Parkinson disease
Author Year Country Patients 

( n)
Mean age 
(years)

Mean
AHI ( n)

AHI > 5 
(%)

AHI > 10 
(%)

AHI 
= 5–15 (%)

AHI 
> 15 (%)

AHI = 15–30 
(%)

AHI > 30 
(%)

Rye et al. 2000 
[103]

USA 27 68 11 – – – – – –

Arnulf 2002 
[6]

France 54 68 10 47 14 28 20 11 9

Stevens et al. 
2004 [116]

USA 19 60 9 – – – – – –

Iranzo et al. 
2005 [57]

Spain 45 65 16 – – – – – –

Diederich 
2005 [27]

Luxemburg 49 65 8 43 – 20 22 8 15

Baumann 2005 
[10]

Switzerland 10 69 11 – – – – – –

Trotti and 
Bliwise2010 
[123]

USA 55 64 7 44 – 29 15 11 4

Noradina 2010 
[89]

Malaysia 46 64 7 54 – 27 27 18 9

De Cock 2010 
[26]

France 100 62 10 27 – 6 21 11 10

AHI   apnea–hypopnea index (number of apneas and hypopneas per hour of sleep).
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ate this drug. In refractory cases, methods of self-protection 
from injury during episodes of RBD may be necessary. 
Pramipexole does not improve symptoms of RBD in patients 
with PD [73], a finding suggesting that dopamine dysfunc-
tion does not play a central role in the pathogenesis of RBD.

Restless Legs Syndrome

RLS is a sensorimotor disorder characterized by an urge to 
move the legs. This impulse is caused by unpleasant sensa-
tions that begin during periods of inactivity at night and is 
relieved by movement. RLS is a condition that affects up 
to 5–15 % of the general population over 60 years of age 
and may interfere with sleep initiation and maintenance. Iron 
and dopaminergic dysfunction in the diencephalo-spinal sys-
tem are believed to play a critical role in the pathogenesis 
of RLS because patients with RLS dramatically respond to 
dopaminergic drugs. Although the description of RLS is sev-
eral centuries old, the description that levodopa improved 
their symptoms [3] pointed out the role of the dopaminergic 
system in RLS and the possible relationship between RLS 
and PD.

There is no evidence, however, that idiopathic RLS pre-
disposes to develop PD [59] (Table 32.3). On the one hand, 
patients with idiopathic RLS do not progress to PD [132]. 
On the other hand, while it had been suggested that there 
is an association between PD and RLS, the evidence is still 
limited to few studies with methodological problems that 
have reported conflicting results [18, 44, 66, 69, 75, 76, 79, 
88, 93, 98, 118, 129]. When PD patients are compared with 
a control group, there is no difference between the rate of 
RLS between the two groups [2, 19, 42]. It should be noted 
that RLS must be carefully distinguished by clinical history 
from other uncomfortable sensations commonly experienced 

by the PD subjects (stiffness, pain, tingling, heat, cramps) 
which may be related to parkinsonian features and not to 
RLS (rigidity, tremor, central pain, off periods, dystonia, 
and dyskinesias). Like in idiopathic RLS, PD patients with 
true RLS have low serum ferritin levels. In most of the PD 
cases with comorbid RLS, parkinsonism precedes the onset 
of RLS and severity of RLS is mild. This is probably because 
dopaminergic agents improve both RLS and parkinsonism. 
However, PD and RLS may be coexistent because they are 
both prevalent in the elderly. If true RLS is bothersome or 
prevents the PD patient from sleeping, the evening dose of 
dopaminergic agents can be increased or a standard formula-
tion can be prescribed. Alternatively, other nondopaminergic 
drugs that are effective for RLS such as gabapentin and pre-
gabalin can be used.

Periodic Leg Movements During Sleep

PLMS are repetitive, stereotyped leg movements that are 
0.5–10  s in duration and are separated by an interval of 
more than 5 s but less than 90 s. The occurrence of PLMS is 
thought to be related to the impairment of central dopaminer-
gic function because PLMS decrease in frequency with the 
use of dopaminergic medications. Moreover, PLMS in PD 
increase after chronic treatment with bilateral subthalamic 
stimulation probably because this type of surgery facilitates 
the reduction or withdrawal of dopaminergic drug treatment 
[54]. PLMS are more frequent in untreated patients with mild 
to moderate PD than in healthy individuals [135]. Most pa-
tients with PD who experience PLMS are unaware of these 
leg movements because PLMS are generally not associated 
with awakenings. Therefore, PLMS in PD may be not con-
sidered a main contributing factor for developing insomnia, 
sleep fragmentation, and EDS.

Table 32.3   Restless legs syndrome in Parkinson disease
Author Year Country Patients ( n) Mean age (years) RLS in PD (%) RLS in controls (%)
Lang 1987 [75] Canada 100 62 0 NE
Ondo 2002 [93] USA 303 67 21 NE
Khan and Sahota 2002 [66] USA 26 NE 38 NE
Tan et al. 2002 [117] Singapore 125 65 0 NE
Krishnan et al. 2002 [69] India 126 57 8 1
Braga-Neto 2004 [18] Brazil 86 65 52 NE
Nomura 2006 [88] Japan 165 68 12 2
Gómez-Esteban 2007 [44] Spain 114 69 22 NE
Loo 2008 [79] Singapore 200 65 3 0.5
Lee et al. 2009 [76] Korea 447 64 16 NE
Calzetti 2009 [19] Italy 118 69 13 6
Peralta et al. 2010 [98] Austria 113 67 24 NE
Verbaan et al. 2010 [129] Holland 269 61 11 NE
Angelini 2011 [4] Italy 109 67 6 4
Gjestard et al. 2011 [42] Norway 200 65 12 7
NE not evaluated
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Multiple System Atrophy

Historically, what is now considered a single disease was 
first described as three separate entities: striatonigral de-
generation, olivopontocerebellar atrophy, and Shy–Drager 
syndrome [133, 134]. The characteristic pathologic findings, 
however, are the same and consist of neuronal loss and ab-
normal intracytoplasmic glial inclusions of alpha-synuclein 
in widespread areas of the central nervous system most fre-
quently involving the substantia nigra, locus ceruleus, puta-
men, inferior olives, pontine nuclei, and cerebellar Purkinje 
cells. There are two main clinical presentations of MSA: the 
parkinsonian and the cerebellar subtypes, with dysautono-
mia occurring in both presentations. The disease affects both 
sexes, usually starts in the sixth decade, and in general pro-
gresses invariably with death occurring after an average of 
6–9 years [133, 134]. Death during sleep is not infrequent 
[86, 105, 113].

Multiple central neurotransmitter systems are impaired 
including dopaminergic, cholinergic, serotonergic, adrener-
gic, noradrenergic, and glutamatergic. Insufficient and frag-
mented sleep, stridor, sleep-disordered breathing, and RBD 
are common among MSA subjects. RBD and stridor are con-
sidered red flags of the disease [40].

Insufficient and Fragmented Nocturnal Sleep

MSA patients commonly report sleep onset and maintenance 
insomnia [36, 130]. Polysomnographic studies in MSA pa-
tients frequently demonstrate marked sleep fragmentation 
and reduced sleep efficiency. Urinary dysfunction related 
to both urinary incontinence and retention is also a major 
contributor for reduced and fragmented sleep in subjects 
with MSA. In some instances, sleep onset insomnia can be 
associated with anxiety or with agitated depression. Early 
awakenings may be a sign of depression. Like in PD, the 
intrinsic pathology in MSA itself is likely to be an impor-
tant factor for the development of sleep impairment, because 
early and untreated MSA patients exhibit disturbed and poor 
sleep. Sleep fragmentation in MSA is more common than 
in PD, particularly in advanced cases, reflecting the more 
severe clinical condition and the more diffuse underlying 
pathological process in MSA. Sleep-related structures such 
as some brainstem nuclei and basal ganglia are damaged in 
MSA. The occurrence of sleep complaints in subjects with 
MSA is related to longer disease, disease severity, and de-
pression. Like in PD, treatment strategies in MSA patients 
with difficulties in initiating and maintaining sleep need to 
be highly individualized.

Excessive Daytime Sleepiness

The occurrence of EDS in MSA has not been systematically 
addressed by either subjective or objective means until re-
cently [84] . It appears to be as frequent as in PD, since ap-
proximately a quarter of the patients with moderate disease 
present this symptom. The underlying cause of hypersom-
nia may be multifactorial due to obstructive sleep apneas, 
depression, reduced nighttime sleep, and the effect of some 
medications such as antidepressants, benzodiazepines, and 
dopaminergic agents that can even cause sleep attacks [48]. 
A few patients may show mild reduced mean sleep latency 
in multiple sleep latency tests and the presence of multiple 
sleep onset REM periods. Despite the finding that in MSA 
there is some degree of hypocretinergic cell loss in the pos-
terior hypothalamus [11], the hypocretin-1 levels in the CSF 
are normal [80].

Sleep-Disordered Breathing and Stridor
There are two different causes of sleep-disordered breathing 
in MSA. One is central hypoventilation due to degeneration 
of the pontomedullary autonomic respiratory center. The 
other is obstructive sleep apnea as a result of upper airway 
obstruction, mainly at the level of the larynx.

Central Hypoventilation  In MSA, many of the areas 
involved in the automatic control of respiration (nucleus 
tractus solitarius, pre-Bötzinger complex, medullary raphe, 
and arcuate nucleus) have severe cell loss [12]. This results 
in central sleep apneas, Cheyne–Stokes respiration during 
sleep and during wakefulness in both supine and erect posi-
tions, dysrhythmic breathing patterns such as cluster breath-
ing with periods of apneas during wakefulness and sleep, 
apneustic breathing, periodic inspiratory gasps manifested 
by a short inspiratory time and prolonged expiratory time, 
and diminished ventilatory response to both hypercapnia and 
hypoxemia [21, 22, 78, 124]. These breathing abnormalities 
occur particularly during sleep and in most of the cases they 
are subclinical. In a few cases, however, central hypoventila-
tion may manifest as severe dyspnea and respiratory failure. 
Central sleep apneas are commonly found in later stages of 
MSA, but in a few cases may be the presenting feature of 
the disease [24, 43]. In some patients with MSA, failure to 
increase ventilation in response to hypoxia and hypercapnia 
may cause sudden death during sleep, particularly in subjects 
with comorbid untreated obstructive sleep apneas.

Obstructive Sleep Apneas and Stridor  In MSA, obstruc-
tive sleep apneas are more common than central hypoventi-
lation. It is usually the result of upper airway obstruction at 
the level of the larynx. PSG with synchronized audiovisual 
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monitoring discloses laryngeal stridor during sleep in up 
to 36–42 % consecutive unselected MSA patients [56, 57, 
130]. Detection of stridor in MSA is very important because 
this condition is associated with life-threatening episodes 
of respiratory failure, nocturnal choking episodes, sud-
den death during sleep, and short survival [86, 113, 137]. 
Nocturnal stridor occurs in all clinical stages of MSA and 
in few cases it may be the initial symptom of the disease 
[43]. Between patients with and without stridor, there are 
no differences in age, sex, body mass index, duration and 
severity of the disease, and the MSA subtype. Compared to 
subjects without stridor, patients with stridor have a higher 
apnea–hypopnea index, oxyhemoglobin desaturations, and 
vocal cord abnormalities on laryngoscopy [56]. It should be 
noted that nocturnal stridor and snoring may coexist. The 
severity of nocturnal stridor increases with the passage of 
time and invariable worsening of the disease. Stridor dur-
ing wakefulness follows nocturnal stridor. Daytime stridor 
reflects marked laryngeal obstruction and potential severe 
respiratory failure.

In unselected MSA subjects, laryngoscopy may show as-
ymptomatic partial vocal cord abduction restriction. In pa-
tients with stridor, laryngoscopy during wakefulness detects 
normal adduction of the vocal cords in phonation, and partial 
or complete abduction restriction of the vocal cords during 
inspiration. This abduction restriction may be unilateral or 
bilateral. Subjects with complete unilateral vocal cord ab-
duction restriction do not present severe dyspnea because 
the glottic space is relatively wide during inspiration. Sub-
jects with complete bilateral abduction restriction usually 
have both diurnal and nocturnal stridor, and are at a high 
risk of developing episodes of subacute respiratory insuffi-
ciency [56]. In some patients with mild stridor, movements 
of the vocal cords during wakefulness seem to be normal, 
but flicker-like movements may be seen during inspiration 
reflecting the possible earliest stage of vocal cord abduction 
dysfunction that can be detected by direct laryngoscopy. In 
these subjects, laryngoscopy during anesthesia with propofol 
or diazepam discloses paradoxical movements of the vocal 
cords (adduction on inspiration and abduction on expiration) 
or partial vocal cord abduction [64]. Vocal cord abductor 
restriction is exacerbated during sleep, and partial abduc-
tion limitation during wakefulness may become total during 
sleep [68]. This is because the vocal cord abductor muscles, 
like other muscles of respiration, have a reduced tone during 
sleep.

The origin of laryngeal obstruction in MSA is unclear, 
but it is thought to be related to a combination of factors 
including denervation of the vocal cord abductors and ab-
normal overactivation of the vocal cord adductors [46, 51, 
62]. In patients with parkinsonism, the occurrence of vocal 
cord paralysis indicates underlying MSA and not PD [63]. 
Management of laryngeal narrowing in MSA is complex. 

Laryngeal surgery (vocal cord lateralization, cordectomy) is 
associated with an increased risk of aspiration. Experience 
with botulinum toxin is limited to a very few patients [82]. 
Botulinum toxin therapy may increase the risk of bronchial 
aspiration, aggravate dysphonia, and dysphagia, and requires 
electromyographic guidance and repeated injections.

CPAP is an effective noninvasive treatment for eliminat-
ing stridor and obstructive sleep apneas in MSA [37, 53, 56]. 
In patients at early stages of disease, CPAP is an effective 
long-term therapy for the management of obstructive sleep 
apneas and nocturnal stridor. Adaptation to the CPAP ma-
chine can be difficult in advanced cases. CPAP abolishes 
stridor because it eliminates the abnormal activity of the 
vocal cord adductors during inspiration, thereby reducing 
the laryngeal resistance and increasing the glottic aperture. 
While untreated stridor is associated with short survival, 
it has been shown that median survival time is similar be-
tween subjects without stridor and those with stridor treated 
only with CPAP. When CPAP is not tolerated after intensive 
support, tracheostomy should then be considered. In sub-
jects with daytime stridor, elective tracheostomy should be 
advised since this condition leads to dramatic subacute epi-
sodes of respiratory failure.

Central apneas without important desaturations may 
appear after tracheostomy and CPAP therapy because of 
possible unmasking of central apneas after correction of 
obstructive apneas. Despite the elimination of stridor with 
tracheostomy some patients have died while sleeping, pre-
sumably due to respiratory arrest of central origin or cardiac 
arrest related to autonomic failure.

REM Sleep Behavior Disorder

The vast majority of patients with MSA have RBD with a 
prevalence of 90–100 % [56, 100]. The finding that in MSA 
brainstem cell loss is consistently widespread and severe 
may explain the high prevalence of RBD in this disease. 
RBD in MSA is unrelated to age, disease severity, disease 
duration, clinical subtype (parkinsonian or cerebellar), or to 
any other demographic or clinical feature. In about half of 
the patients, RBD antedates the onset of parkinsonian, cer-
ebellar, or autonomic symptoms by a mean of 7 years [57].

Huntington Disease

HD is a genetic autosomal dominant neurodegenerative dis-
order characterized by progressive dementia, chorea, and 
psychiatric disturbances linked to expanded cytosine–ade-
nine–guanine (CAG) repeats in the Huntington gene. Patho-
logical studies demonstrate severe atrophy of the putamen 
and caudate, and, to a lesser extent, of the cortex [13].
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Sleep disorders are common among patients with HD, 
particularly in advanced stages. Patients usually report poor 
sleep quality, sleep fragmentation with frequent awakenings 
at night, EDS, and the circadian rhythm sleep disorder of 
the advanced phase type resulting in early-morning awak-
ening [8, 121, 131]. Interestingly, a transgenic model of 
HD in mice has a disrupted circadian rhythm that worsens 
as the disease progresses, suggesting a progressive impair-
ment of the suprachiasmatic nucleus in the hypothalamus 
[85]. In a community survey study with 292 patients, sleep 
problems were reported by 87 % and were rated as impor-
tant by 62 %. Sleep problems, in rank order, were restless 
limb movements, periodic jerky movements, waking during 
the night, hypersomnia, and early awakening [121]. In one 
study involving 25 patients, 64 % complained of insomnia, 
advanced sleep phase occurred in 40 %, and hypersomnia 
in 32 % [8].

Overall, PSG studies show reduced sleep efficiency, in-
creased wake time after sleep onset, increased percentage of 
light sleep, increased REM sleep latency, and reduced per-
centage of deep sleep and REM sleep [8, 45, 114, 136]. In 
HD, sleep complaints and PSG abnormalities increase with 
disease severity and duration. PSG studies have shown a 
low incidence of sleep apneas in patients with HD [9, 16] 
and RBD [8]. Multiple sleep latency tests were performed in 
only one study showing a reduced sleep latency in 4 of 25 
patients (16 %) and no REM sleep periods [8].

In a pathological study, a mean reduction of hypocretin 
cells of 27 % was observed in five HD brains [99]. However, 
HD patients do not have a narcoleptic phenotype because 
cataplexy is absent [8], the multiple sleep latency does not 
detect sleep onset REM periods [6], and hypocretin-1 level 
in the cerebrospinal has been found to be normal in 22 alive 
patients [81] and in samples from ten postmortem patients 
[35]. Thus, it can be speculated that surviving hypocretin-
ergic neurons in the hypothalamus still provide sufficient 
hypocretin to prevent the occurrence of hypersomnia and 
narcoleptic features.

REM Sleep Behavior Disorder

RBD was investigated by clinical history and PSG in one 
study that involved 25 patients. Three (12 %) had video-PSG 
confirmed RBD. Two were aware of their abnormal behav-
iors at night, but these behaviors were considered clinical-
ly mild. In an additional patient, video-PSG showed RBD 
but the patient was not aware of displaying dream-enacting 
behaviors or having unpleasant dreams. Patients were two 

women and one man aged 41, 45, and 65 years, respectively. 
One had mild HD and two moderated HD severity [7]. In 
another study of 30 HD patients, 7 (23 %) patients and bed 
partners reported symptoms suggestive of RBD but PSG was 
not performed [131].

 Restless Legs Syndrome

In a series of 25 patients, only one (4 %) had RLS and a PLMS 
index greater than 15 was found in six (24 %) [6]. PLMS did 
not fragment sleep. In contrast, one study with six patients 
found a high mean PLMS index of 123 that fragmented sleep 
[16]. A 55-year-old man developed RLS 3 years prior the 
onset of the classical symptoms of HD. PSG demonstrated 
high indices of periodic leg movements during sleep (index 
of 58) and wakefulness (index of 79). RLS symptomatology 
and sleep quality improved dramatically with gabapentin 
[104]. RLS was described in one family with HD. All five 
family members affected by RLS were also affected by HD, 
but some family members with RLS did not have HD sug-
gesting that there may have been the independent occurrence 
of RLS in this family [28].

Progressive Supranuclear Palsy

PSP is a tauopathy involving the brainstem, basal ganglia, 
and many other brain areas. It is characterized by dementia, 
poor levodopa responsive parkinsonism, vertical gaze palsy, 
and falls. PSG studies show a decreased REM sleep percent-
age and other features also seen in PD such as decreased 
total sleep time and reduction in sleep spindles and K com-
plexes. Sleep complaints include insomnia and symptoms 
suggestive of RBD. The first reported case of RBD linked 
to PSP was a 70-year-old woman presenting with inhibi-
tion of speech during wakefulness and intelligible somnilo-
quy at night due to RBD [95]. Parkinsonism developed one 
year before the onset of RBD. In a series of 15 patients who 
underwent PSG, two had clinical RBD, and four exhibited 
REM sleep with increased tonic electromyographic activity 
[7]. Clinical manifestations of RBD were severe in one pa-
tient, but none of the patients were aware of their abnormal 
sleep behaviors. The finding that RBD may be found in a 
tauopathy such as PSP argues against RBD as an exclusive 
feature of the synucleinopathies (PD, dementia with Lewy 
bodies, and MSA). Sleep-disordered breathing and RLS are 
not major complications in PSP.
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Hereditary Ataxias

Hereditary ataxias are inherited neurodegenerative disorders 
that in most cases result from mutations in genes. Modes of 
inheritance in hereditary ataxias are autosomal dominant 
(e.g., spinocerebellar ataxias), autosomal recessive (e.g., 
ataxia telangectasia, Friedreich ataxia), and X-linked (e.g., 
fragile X tremor ataxia syndrome). These diseases affect 
the spinocerebellar tracts, cerebellum, brainstem, and many 
other structures in the brain. They are clinically character-
ized by progressive ataxia and a wide variety of other neu-
rological symptoms and signs such as polyneuropathy and 
parkinsonism in addition to nonneurological symptoms in-
cluding cardiomyopathy and cutaneous telangectasia [67]. 
Occurrence and clinical relevance of sleep disorders have 
recently received attention, particularly RBD and RLS.

REM Sleep Behavior Disorder

In one study in spinocerebellar ataxia type 3 (SCA3 or 
Machado Joseph disease), 53 patients reported more symp-
toms suggestive of RBD, RLS, obstructive sleep apneas, and 
insomnia than controls [25]. One study described the pre-
sumed presence of RBD in 12 of 22 (56 %) SCA3 patients 
of Portuguese or Azorean origin. Diagnosis was based on a 
questionnaire, patients were not interviewed by the authors, 
and PSG was not performed [31]. In a SCA3 patient with 
clinically suspected RBD video-PSG showed normal REM 
sleep atonia and non-REM sleep episodes of complex non- 
rhythmic behaviors lasting more than 10 min [38]. The first 
reported SCA3 patient with confirmed RBD was a 51-year-
old Portuguese man with violent sleep behaviors leading to 

injuries. PSG showed increased electromyographic activity 
in the limbs and chin associated with kicking, thrashing, 
and yelling [74]. We described the presence of video-PSG 
confirmed RBD in five of nine (55 %) consecutive Spanish 
SCA3 patients, four men and one woman, with a mean age 
of 48 years and a mean ataxia duration of 14 years. In two 
patients, RBD preceded the ataxia onset by 10 and 8 years. 
Clinical RBD severity was mild or moderate [55].

One study evaluated eight patients with SCA2 from five 
German families with sleep interviews and video-PSG. All 
but one reported good quality of sleep. None of the patients 
and bed partners reported symptoms suggestive of RBD 
such as nightmares, frequent vocalizations, and aggressive 
sleep behaviors. Video-PSG, however, showed subclinical 
RBD (increased submental electromyographic activity not 
associated with abnormal behaviors) in three patients, nor-
mal REM sleep in two, and REM sleep was not observed in 
three [125]. In another study, four of five SCA2 patients of 
three different Austrian families had increased electromyo-
graphic activity during REM sleep in the video-PSG. These 
four patients exhibited a mild form of RBD consisting of 
prominent myoclonic jerks in absence of complex and elabo-
rate behaviors [14]. In one study, RBD was not detected in 
five patients with SCA type 6 [15].

Restless Legs Syndrome

Several studies have evaluated the occurrence of RLS in sub-
jects with SCAs [1, 14, 15, 55, 102, 110, 127]. Studies found 
RLS in patients with SCA1, SCA2, SCA3, and SCA6 who 
were not treated with dopaminergic or antidopaminergic 
drugs (Table 32.4).The highest frequency of RLS has been 

Table 32.4   Studies evaluating the frequency of restless legs syndrome in hereditary ataxias
Author year (Country) SCA1 patients 

studied ( n)
RLS in 
SCA1 (%)

SCA2 
patients 
studied ( n)

RLS in 
SCA2 (%)

SCA3 
patients 
studied 
( n)

RLS in 
SCA3 (%)

SCA6 
patients 
studied 
( n)

RLS in 
SCA6 
(%)

RLS in 
controls 
(%)

Schöls et al. 1998 
(Germany) [110]

6 0 11 18 51 45 21 5 NA

Abele et al. 2001 
(Germany) [1]

13 23 22 27 23 30 NA NA 10

Iranzo et al. 2003 
(Spain) [55]

NA NA NA NA 9 55.5 NA NA 0

Boesch et al. 2006b 
(Austria) [15]

NA NA NA NA NA NA 5 40 NA

Boesch et al. 2006a 
(Austria) [14]

NA NA 5 0 NA NA NA NA NA

Reimold et al 2006 
(Germany) [102]

4 25 4 25 2 100 NA NA NA

D’Abreu et al. 2008 
(Brazil) [25]

NA NA NA NA 53 20.7 NA NA 4.7

RLS   restless legs syndrome, SCA1   spinocerebellar ataxia type 1, SCA2   spinocerebellar ataxia type 2, SCA3   spinocerebellar ataxia type 3, SCA6  
spinocerebellar ataxia type 6, NA   not available
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found in SCA3, ranging from 30 to 55 % of the cases [1, 55, 
110, 127] a higher figure than what is found in general popu-
lation based studies. RLS symptoms were mild, moderate, or 
severe, and RLS was diagnosed only upon specific question-
ing when the studies were conducted. PSG in SCA1, SCA2, 
SCA3, and SCA6 showed a high number of PLMS in pa-
tients with or without RLS [14, 15, 55, 102, 110]. Most SCA 
patients were unaware of their leg movements and PLMS 
were usually not associated with arousals.

Sleep-Disordered-Breathing

PSG studies in patients with autosomal dominant SCAS and 
ataxia telangiectasia have shown that obstructive sleep ap-
neas are not a common finding, except in one study where 
an apnea–hypopnea index greater than 5 was detected in four 
of five patients with SCA6 (range, 6–15) [15]. However, pa-
tients with SCA1 [112] and SCA3 [55] may show vocal cord 
abductor palsy, probably due to neuronopathy of the nucleus 
ambiguous impairing the recurrent laryngeal nerve fibers 
that mainly innervate the posterior cricoarytenoid muscle.

References

  1.	 Abele N, Bürk K, Laccone F, et al. Restless legs syndrome in spi-
nocerebellar ataxias types 1, 2 and 3. J Neurol. 2001;248:311–4.

  2.	 Abbott RD, Ross GW, White LR, et al. Excessive daytime sleepi-
ness and subsequent development of Parkinson disease. Neurology. 
2005;65:1442–6.

  3.	 Akpinar S. Treatment of restless legs syndrome with levodopa plus 
benserazide. Arch Neurol. 1982,39:739.

  4.	 Angelini M, Negrotti A, Marchesi E, et al. A study of the preva-
lence of restless legs syndrome in previously untreated Parkinson’s 
disease patients: absence of co-morbid association. J Neurol Sci. 
2011;310:286–8.

  5.	 Arnulf I, Bejjani BP, Garma L, et  al. Improvement of sleep 
architecture in PD with subthalamic stimulation. Neurology. 
2000;55:1732–4.

  6.	 Arnulf I, Konofal E, Merino-Andreu M, et  al. Parkinson’s 
disease and sleepiness. An integral part of PD. Neurology. 
2002;58:1019–24.

  7.	 Arnulf I, Merino-Andreu M, Bloch F. REM sleep behavior disorder 
and REM sleep without atonia in progressive supranuclear palsy. 
Sleep. 2005;28:349–54.

  8.	 Arnulf I, Nielsen J, Lehman E, et al. Rapid eye movement sleep 
disturbances in Huntington disease. Arch Neurol. 2008;68:482–8.

  9.	 Banno K, Hobson DE, Kryger MH. Long-term treatment of sleep 
breathing disorder in a patient with Huntington disease. Parkinson-
ism Relat Disord. 2005;11:261–4.

10.	 Baumann C, Ferini-Strambi L, Waldvogel D, et al. Parkinsonism 
with excessive daytime sleepiness. J Neurol. 2005;252:139–45.

11.	 Benarroch EE, Schmeichel AM, Sandroni P, et al. Involvement of 
hypocretin neurons in multiple system atrophy. Acta Neuropathol. 
2007a;113:75–80.

12.	 Benarroch EE, Schemeichel AM, Low PA, et al. Depletion of puta-
tive chemosensitive respiratory neurons in the ventral medullary 
surface in multiple system atrophy. Brain. 2007b;130:469–75.

13.	 Biglan KM, Shoulson I. Huntington’s disease. In: Jankovic J, 
Tolosa E, editors. Parkinson’s disease and movement disorders. 
Philadelphia: Lippincott Williams and Wilkins; 2007. pp. 212–227.

14.	 Bollen EL, Den Heijer JC, Ponsionen C, et al. Respiration during 
sleep in Huntington’s chorea. J Neurol Sci. 1988;84:63–8.

15.	 Boesch S, Frauscher B, Brandauer E, et  al. Disturbance of rapid 
eye movement sleep in spinocerebellar ataxia type 2. Mov Disord. 
2006a;21:1751–4.

16.	 Boesch SM, Frauscher B, Brandauer E, et  al. Restless legs syn-
drome and motor activity during sleep in spinocerebellar ataxia 
type 6. Sleep Med. 2006b;7:529–32.

17.	 Braak H, Del Tredici K, Rüb U, et  al. Staging of brain pathol-
ogy related to sporadic Parkinson’s disease. Neurobiol Aging. 
2003;24:197–211.

18.	 Braga-Neto P, Silva-Júnior FP, Monte FS, et  al. Snoring and 
excessive daytime sleepiness in Parkinson’s disease. J Neurol Sci. 
2004;217:41–5.

19.	 Calzetti S, Negrotti, Bonavina G, et  al. Absence of comorbidity 
of Parkinson disease and restless legs syndrome: a case-control 
study in patients attending a movement disorder clinic. Neurol Sci. 
2009;30:119–22.

20.	 Chaudhuri KR, Helay DG, Schapira AHV. Non-motor symptoms 
of Parkinson’s disease: diagnosis and management. Lancet Neurol. 
2006;5:235–45.

21.	 Chokroverty S, Sharp JT, Barron KD. Periodic respiration in erect 
posture in Shy-Drager syndrome. J Neurol Neurosurg Psychiatry. 
1978;41:980–6.

22.	 Chokroverty S, Sachedo R, Masdeu J. Autonomic dysfunction and 
sleep apnea in olivopontocerebellar degeneration. Arch Neurol. 
1984;41:926–31.

23.	 Compta Y, Santamaria J, Ratti L, et al. Cerebrospinal hypocretin, 
daytime sleepiness and sleep architecture in Parkinson’s disease 
dementia. Brain. 2009;132:3308–17.

24.	 Cormican LJ, Higgins S, Davidson AC, et al. Multiple system atro-
phy presenting as central sleep apnoea. Eur Respir J. 2004;24:323–
5.

25.	 D’Abreu A, França M, Conz L, et  al. Sleep symptoms and their 
clinical correlates in Machado-Joseph disease. Act Neurol Scand. 
2009;119:277–80.

26.	 De Cock V, Abouda M, Leu S, et al. Is obstructive sleep apnea a 
problem in Parkinson’s disease? Sleep Med. 2010;11:247–52.

27.	 Diederich NJ, Vaillant M, Leischen M, et al. Sleep apnea syndrome 
in Parkinson’s disease. A case-control study in 49 patients. Mov 
Disord. 2005;11:1413–8.

28.	 Evers S, Stögbauer F. Genetic association of Huntington’s dis-
ease and restless legs syndrome? A family report. Mov Disord. 
2003;18:225–7.

29.	 Fabbrini G, Barbanti P, Aurilia C, et al. Excessive daytime sleepi-
ness in de novo and treated Parkinson’s disease. Mov Disord. 
2002;17:1026–30.

30.	 Factor SA, McAlarney T, Sanchez-Ramos JR, et al. Sleep disorders 
and sleep effect in Parkinson’s disease. Mov Disord. 1990;5:280–5.

31.	 Friedman JH, Fernandez HH, Sudarsky L. REM behavior disor-
der and excessive daytime somnolence in Machado-Joseph disease 
(SCA–3). Mov Disord. 2003;18:1520–2.

32.	 Fronczek R, Overeem S, Lee SY, et al. Hypocretin (orexin) loss in 
Parkinson’s disease. Brain. 2007;130:1577–85.

33.	 Frucht S, Rogers MD, Greene PE, et al. Falling asleep at the wheel: 
motor vehicle mishaps in persons taking pramipexole and ropini-
role. Neurology. 1999;52:1908–10.

34.	 Gagnon JF, Bédard MA, Fantini MD, et al. REM sleep behavior 
disorder and REM sleep without atonia in Parkinson’s disease. 
Neurology. 2002;59:585–9.

35.	 Gaus SE, Lin L, Mignot E. CSF hypocretin levels are normal in 
Huntington disease patients. Sleep. 2005;28:1607–8.

AQ1



28132  Sleep in Neurodegenerative Diseases

36.	 Ghorayeb I, Yekhlef F, Chrysostome V, et al. Sleep disorders and 
their determinants in multiple system atrophy. J Neurol Neurosurg 
Psychiatry. 2002;72:798–800.

37.	 Ghorayeb I, Yekhlef F, Bioulac B, et al. Continuous positive airway 
pressure for sleep-related breathing disorders in multiple system 
atrophy: long-term, acceptance. Sleep Med. 2005a;6:359–62.

38.	 Ghorayeb I, Provini F, Bioulac B, et al. Unusual nocturnal motor 
restlessness in a patient with spinocerebellar ataxia 3. Mov Disord. 
2005b;20:899–901.

39.	 Ghorayeb I, Loundou A, Auquier P, et al. A nationwide survey of 
excessive daytime sleepiness in Parkinson disease in France. Mov 
Disord. 2007;22:1567–72.

40.	 Gilman S, Wening GK, Low PA, et  al. Second consensus state-
ment on the diagnosis of multiple system atrophy. Neurology. 
2008;71:670–6.

41.	 Gjerstad MD, Aarsland D, Larsen JP. Development of day-
time somnolence over time in Parkinson’s disease. Neurology. 
2002;58:1544–6.

42.	 Gjerstad MD, Tysnes OB, Larsen JP. Increased risk of leg motor 
restlessness but not RLS in early Parkinson disease. Neurology. 
2011;77:1941–6.

43.	 Glass GA, Josephs KA, Ahlskog JE. Respiratory insufficiency as 
the primary presenting symptom of multiple system atrophy. Arch 
Neurol. 2006;63:978–81.

44.	 Gómez-Esteban JC, Zarranz JJ, Tijero B, et al. Restless legs syn-
drome in Parkinson’s disease. Mov Disord. 2007;22:1912–6.

45.	 Hansotia P, Wall R, Berendes J. Sleep disturbances and severity in 
Huntington’s disease. Neurology. 1985;35:1672–4.

46.	 Hayashi M, Isozaki E, Oda M, et al. Loss of large myelinated nerve 
fibers of the recurrent laryngeal nerve in patients with multiple 
system atrophy and vocal cord nerve palsy. J Neurol Neurosurg 
Psychiatry. 1997;62:234–8.

47.	 Hobson DE, Lang AE, Martin WWR, Razmy A, et al. Excessive 
daytime sleepiness and sudden-onset sleep in Parkinson Disease. 
A survey by the Canadian movement disorder group. JAMA. 
2002;287:455–63.

48.	 Högl B, Seppi K, Brandauer E, et  al. Irresistible onset of sleep 
during acute levodopa challenge in a patient with multiple system 
atrophy. Mov Disord. 2001:16;1177–9.

49.	 Högl B, Saletu M, Brandauer E, et al. Modafinil for the treatment 
of daytime sleepiness in Parkinson’s disease: a double-blind, ran-
domized, crossover, placebo-controlled polygraphic trial. Sleep. 
2002;25:905–9.

50.	 Homann CN, Wenzel K, Suppan K, et al. Sleep attacks in patients 
taking dopamine agonists: review. BMJ. 2002;324:1483–7.

51.	 Ikeda K, Iwasaki Y, Kuwajima A, et al. Preservation of branchimo-
tor neurons of the nucleus ambiguous in multiple system atrophy 
(reply letter). Neurology. 2003;61:722–3.

52.	 Iranzo A, Santamaria J. Severe obstructive sleep apnea-hypopnea 
mimicking REM sleep behavior disorder. Sleep. 2005;28:203–6.

53.	 Iranzo A, Santamaría J, Tolosa E, On behalf of the Barcelona 
Multiple System Atrophy Group. Continuous positive air pressure 
eliminates nocturnal stridor in multiple system atrophy. Lancet. 
2000;356:1329–30.

54.	 Iranzo A, Valldeoriola F, Santamaría J, et al. Sleep symptoms and 
polysomnographic architecture in advanced Parkinson’s disease 
after chronic bilateral subthalamic stimulation. J Neurol Neurosurg 
Psychiatry. 2002;72:661–4.

55.	 Iranzo A, Muñoz E, Santamaria J, et al. REM sleep behavior dis-
order and vocal cord paralysis in Machado–Joseph disease. Mov 
Disord. 2003;18:1179–83.

56.	 Iranzo A, Santamaría J, Tolosa E, et al. Long-term effect of CPAP 
in the treatment of nocturnal stridor in multiple system atrophy. 
Neurology. 2004;63:930–2.

57.	 Iranzo A, Santamaría J, Rye D, et al. Characteristics of idiopathic 
REM sleep behavior disorder and that associated with MSA and 
PD. Neurology. 2005;65:247–52.

58.	 Iranzo A, Molinuevo JL, Santamaría J, et al. Rapid-eye-movement 
sleep behaviour disorder as an early marker for a neurodegenera-
tive disorder. Lancet Neurol. 2006;7:572–7.

59.	 Iranzo A, Comella CL, Santamaria J, et al. Restless legs syndrome 
in Parkinson’s disease and other neurodegenerative diseases of the 
central nervous system. Mov Disord. 2007;22 (Suppl 18);S424–30.

60.	 Iranzo A, Santamaria L, Tolosa E. The clinical and pathophysiolog-
ical relevance of REM sleep behavior disorder in neurodegenera-
tive diseases. Sleep Med Rev. 2009;13:385–401.

61.	 Iranzo A, Tolosa E, Gelpi E, et al. Neurodegenerative disease status 
and post-mortem pathology in isolated rapid-eye-movement sleep 
behavior disorder: and observational cohort study. Lancet Neurol. 
2013;12(5):443–53.

62.	 Isono S, Shiba K, Yamaguchi M, et al. Pathogenesis of laryngeal 
narrowing in patients with multiple system atrophy. J Physiol. 
2001;536:237–49.

63.	 Isozaki E, Shimizu T, Takamoto K, et  al. Vocal cord abductor 
paralysis in Parkinson’s disease: difference from VCAP in multiple 
system atrophy. J Neurol Sci. 1995;130:197–202.

64.	 Isozaki E, Naito A, Horiguchi S, et al. Early diagnosis and stage 
classification of vocal cord abductor paralysis in patients with mul-
tiple system atrophy. J Neurol Neurosurg Psychiatry. 1996;60:399–
402.

65.	 Karlsen KH, Larsen JP, Tandberg E, et al. Influence of clinical and 
demographical variables on quality of life in patients with Parkin-
son’s disease. J Neurol Neurosurg Psychiatry. 1999;66.431–5.

66.	 Khan SA, Sahota PK. A study look for the incidence of rest-
less legs syndrome in patients with Parkinson’s disease. Sleep. 
2002;25(Suppl):A378–9.

67.	 Klockether T. Hereditary ataxias. In Jankovic J, Tolosa E, editors. 
Parkinson’s disease and movement disorders. 5th ed. Philadelphia: 
Lippincott Williams & Wilkins; 2007. pp. 421–435.

68.	 Kneisley LW, Rederich GJ. Nocturnal stridor in olivopontocerebel-
lar atrophy. Sleep. 1990;13:362–8.

69.	 Krishnan PR, Bhatia M, Behari M. Restless legs syndrome 
in Parkinson’s disease: a case-controlled study. Mov Disord. 
2003;18:181–5.

70.	 Kumar S, Bhatia M, Behari M. Sleep disorders in Parkinson’s dis-
ease. Mov Disord. 2002;17:775–8.

71.	 Kumru H, Santamaría J, Tolosa E, et al. Rapid eye movement sleep 
behavior disorder in parkinsonism with PARKIN mutations. Ann 
Neurol. 2004;56:599–603.

72.	 Kumru H, Santamaria J, Tolosa E, et al. Relation between subtype 
of Parkinson’s disease and REM sleep behavior disorder. Sleep 
Med. 2007;8:779–83.

73.	 Kumru H, Iranzo A, Carrasco E, et al. Lack of effects of pramipex-
ole on REM sleep behavior disorder in Parkinson’s disease. Sleep. 
2008;31:1418–21.

74.	 Kushida CA, Clerk AA, Kirsch CM, et  al. Prolonged confusion 
with nocturnal wandering arising from NREM and REM sleep: a 
case report. Sleep. 1995;18:757–64.

75.	 Lang AE. Johnson K. Akathisia in idiopathic Parkinson’s disease. 
Neurology. 1987;37:477–81.

76.	 Lee JE, Shin HW, Kim KS, et al. Factors contributing to the devel-
opment of restless legs syndrome in patients with Parkinson dis-
ease. Mov Disord. 2009;24;579–82.

77.	 Lees AJ, Blackburn NA, Campbell VL. The nighttime problems of 
Parkinson’s disease. Clin Neuropharmacol. 1988;11:512–9.

78.	 Lockwood AH. Shy-Drager syndrome with abnormal respirations 
and antidiuretic hormone release. Arch Neurol. 1976;33:292–5.

79.	 Loo HV, Tan EK. Case-control study of restless legs syndrome and 
quality of sleep in Parkinson’s disease. J Neurol Sci. 2008;266:145–
9.

80.	 Martinez-Rodriguez J, Seppi K, Cardozo A, et  al. Cerebrospinal 
fluid hypocretin–1 levels in múltiple system atrophy. Mov Disord. 
2007:22:1822–4.



282 A. Iranzo and J. Santamaria

  81.	 Meier A, Mollenhauer B, Chores S, et  al. Normal hypocretin–1 
(orexin A) levels in the cerebrospinal fluid of patients with Hun-
tington’s disease. Brain Res. 2005;1063:201–3.

  82.	 Merlo IM, Occhini A, Pacchetti C, et  al. Not paralysis, but dys-
tonia causes stridor in multiple system atrophy. Neurology. 
2002;58:649–52.

  83.	 Möller JC, Stiasny K, Hargutt V, et  al. Evaluation of sleep and 
driving performance in six patients with Parkinson’s disease re-
porting sudden onset of sleep under dopaminergic medication: a 
pilot study. Mov Disord. 2002;17:474–81.

  84.	 Moreno-López C, Santamaría J, Salamero M, et al. Excessive day-
time sleepiness in multiple system atrophy (SLEEMSA study). 
Arch Neurol. 2011;68:223–2230.

  85.	 Morton AJ, Wood NI, Hastings MH, et al. Disintegration of the 
sleep-wake cycle and circadian timing in Huntington disease. J 
Neurol Sci. 2005;25:157–63.

  86.	 Munsachuer FE, Loh L, Bannister R, et al. Abnormal respiration 
and sudden death during sleep in multiple system atrophy with 
autonomic failure. Neurology. 1990;40:677–9.

  87.	 Nausieda PA, Weiner WJ, Kaplan LR. Sleep disruption in the 
course of chronic levodopa therapy: an early feature of the le-
vodopa psychosis. Clin Neuropharmacol. 1982;5:183–94.

  88.	 Nomura T, Inoue Y, Miyake M, et al. Prevalence and clinical char-
acteristics of restless legs syndrome in Japanese patients with Par-
kinson’s disease. Mov Disord. 2006;21:380–4.

  89.	 Noradina AT, Karim NA, Hamidon BB, et  al. Sleep-disordered 
breathing in patients with Parkinson’s disease. Singapore Med J. 
2010;51:60–4.

  90.	 Olanow CW, Koller WC. An algorithm (decision tree) for the 
management of Parkinson’s disease: treatment guidelines. Neu-
rology. 1998;58(Suppl 3):S2–57.

  91.	 Olanow CW, Schapira AHV, Roth T. Waking up to sleep episodes 
in Parkinson’s disease. Mov Disord. 2000;15:212–5.

  92.	 Olanow CW, Watts RL, Koller WC. An algorithm (decision tree) 
for the management of Parkinson’s disease: treatment guidelines. 
Neurology. 2001;56(Suppl 5):S1–88.

  93.	 Ondo WG, Dat Vuong K, Jankovic J. Exploring the relationship 
between Parkinson disease and restless legs syndrome. Arch Neu-
rol. 2002;59:421–4.

  94.	 Ondo WG, Perkins T, Swick T, et  al. Sodium oxybate for ex-
cessive daytime sleepiness in Parkinson disease. Arch Neurol. 
2008;65:1337–40.

  95.	 Pareja J, Caminiero AB, Masa JF, et al. A first case of progressive 
supranuclear palsy and pre-clinical REM sleep behavior disorder 
presenting as inhibition of speech during wakefulness and som-
niloquiy with phasic muscle twitching during REM sleep. Neuro-
logia. 1996:11:304–6.

  96.	 Parkinson J. An essay on the shaking palsy. London: printed by 
Whittingham and Rowland for Sherwood, Neely and Jones, 1817.

  97.	 Paus S, Brecht HM, Köster J, et al. Sleep attacks, daytime sleepi-
ness, and dopamine agonists in Parkinson’s disease. Mov Disord. 
2003;18:659–67.

  98.	 Peralta CM, Frauscher B, Seppi K, et al. Restless legs syndrome 
in Parkinson’s disease. Mov Disord. 2009;24:2076–10.

  99.	 Petersen J, Gil J, Maat-Schieman ML, et al. Orexin loss in Hun-
tington’s disease. Hum Mol Genet. 2005;14:39–47.

100.	 Plazzi G, Corsini R, Provini F. REM sleep behavior disorders in 
multiple system atrophy. Neurology. 1997;48:1094–7.

101.	 Postuma RB, Gagnon JF, Vendette M, et al. Quantifying the risk 
of neurodegenerative disease in idiopathic REM sleep behavior 
disorder. Neurology. 2009;72:1296–300.

102.	 Reimold M, Globas C, Gleichmann M, et al. Spinocerebellar atax-
ia type 1, 2, and 3, and restless legs syndrome: striatal dopamine 
D2 receptor status investigated by [11C] raclopride positron emis-
sion tomography. Mov Disord. 2006;10:1667–73.

103.	 Rye DB, Bliwise DL, Dihenia B, et al. FAST TRACK. Daytime 
sleepiness in Parkinson’s disease. J Sleep Res. 2000;9:63–9.

104.	 Savva E, Schnorf H, Burkhard PR. Restless legs syndrome: an 
early manifestation of Hungtington’s disease? Acta Neurol Scand. 
2009;119:274–6.

105.	 Sadaoka T, Kakitsuba N, Fujiwara Y, et al. Sleep related breathing 
disorders in patients with multiple system atrophy and vocal fold 
palsy. Sleep. 1996;19:479–84.

106.	 Schenck CH, Bundlie SR, Ettinger MG, Mahowald MW. Chronic 
behavioral disorders of human REM sleep: a new category of pa-
rasomnia. Sleep. 1986;9:293–308.

107.	 Schenck CH, Bundlie SR, Patterson AL, Mahowald MW. Rapid 
eye movement sleep behavior disorder: a treatable parasomnia af-
fecting older adults. JAMA. 1987;257:1786–9.

108.	 Schenck CH, Bundlie SR, Mahowald MW. Delayed emergence 
of a parkinsonian disorder in 38 % of 29 older men initially diag-
nosed with idiopathic rapid eye movement sleep behavior disor-
der. Neurology. 1996;46:388–93.

109.	 Schenck CH, Boeve BF, Mahowald MW. Delayed emergence 
of a parkinsonian disorder or dementia in 81 % of older males 
initially diagnosed with idiopathic REM sleep behavior disorder 
(RBD): 16 year update on a previously reported series. Sleep 
Med. 2013;14(8):744–8.

110.	 Schöls L, Haan J, Riess O, et al. Sleep disturbances in spinocer-
ebellar ataxias. Is the SCA3 mutation a cause of restless legs syn-
drome? Neurology. 1998;51:1603–7.

111.	 Sharf B, Moskovitz C, Lupton MD, Klawans HL. Dream phe-
nomena induced by chornic levodopa therapy. J Neural Transm. 
1978;43:143, 151.

112.	 Shiojori T, Tsunemi T, Matsunaga T, et  al. Vocal cord abductor 
paralysis in spinocerebellar ataxia type 1. J Neurol Neurosurg 
Psychiatry. 1999;67:695.

113.	 Silber MH, Levine S. Stridor and death in multiple system atro-
phy. Mov Disord. 2000;15:699–704.

114.	 Silvestri R, Raffaele M, De Domenico P, et al. Sleep features in 
Tourette’s syndrome, neuroacanthocytosis and Huntington’s cho-
rea. Neurophysiol Clin. 1995;25:66–77.

115.	 Sixel-Döring F, Trautmann E, Mollenhauer B, et  al. Associated 
factors for REM sleep behavior disorder in Parkinson disease. 
Neurology. 2011;77:1048–54.

116.	 Stevens S, Comella CL, Stepanski EJ. Daytime sleepi-
ness and alertness in patients with Parkinson disease. Sleep. 
2004;27:967–72.

117.	 Tan EK, Lum SY, Fook-Chong SMC, et al. Evaluation of som-
nolence in Parkinson’s disease: comparison with age and sex-
matched controls. Neurology. 2002a;58:465–8.

118.	 Tan EK, Lum SY, Wong MC. Restless legs syndrome in Parkin-
son’s disease. J Neurol Sci. 2002b;196:33–6.

119.	 Tandberg E, Larsen JP, Karlsen K. A community-based study of 
sleep disorders in patients with Parkinson's disease. Mov Disord. 
1998;13:895–9.

120.	 Tandberg E, Larsen JP, Karlsen K. Excessive daytime sleepi-
ness and sleep benefit in Parkinson's disease: a community-based 
study. Mov Disord. 1999;14:922–7.

121.	 Taylor N, Bramble D. Sleep disturbance and Huntingdon’s dis-
ease. Br J Psychiatry. 1997;171:393.

122.	 Thannickal TC, Lai YY, Siegel JM. Hypocretin (orexin) cell loss 
in Parkinson’s disease. Brain. 2007;130:1586–95.

123.	 Trotti LM, Bliwise DL. No increased risk of obstructive sleep ap-
nea in Parkinson’s disease. Mov Disord. 2010;25:2246–9.

124.	 Tsuda T, Onodera H, Okabe S, et al. Impaired chemosensitivity 
to hypoxia is a marker of multiple system atrophy. Ann Neurol. 
2002;52:367–71.

125.	 Tuin I, Voss U, Kang JS, et al. Stages of sleep pathology in spino-
cerebellar ataxia type 2 (SCA2). Neurology. 2006;67:1966–72.

126.	 Valko PO, Waldogavel D, Weller M, et al. Fatigue and excessive 
daytime sleepiness in idiopathic Parkinson’s disease differently 
correlate with motor symptoms, depression and dopaminergic 
treatment. Eur J Neurol. 2010;17:1428–36.



28332  Sleep in Neurodegenerative Diseases

127.	 Van Alfen N, Sinke RJ, Zwarts MJ, et al. Intermediate CAG repeat 
lengths (53,54) for MJD/SCA3 are associated with an abnormal 
phenotype. Ann Neurol. 2001;49:805–8.

128.	 Vendette M, Gagnon JF, Decary A, et al. REM sleep behavior dis-
order predicts cognitive impairment in Parkinson disease without 
dementia. Neurology. 2007;69:1843–9.

129.	 Verbaan D, Rooden SM, van Hilten J, et al. Prevalence and clini-
cal profile of restless legs syndrome in Parkinson’s disease. Mov 
Disord. 2010;25:2142–7.

130.	 Vertugno R, Provini F, Cortelli P, et al. Sleep disorders in mul-
tiple system atrophy: a correlative video-polysomnographic study. 
Sleep Med. 2004;5:21–30.

131.	 Videnovic A, Leurgans S, Fan W, et al. Daytime somnolence and 
nocturnal sleep disturbances in Huntington disease. Parkinsonism 
Relat Disord. 2009;15:471–4.

132.	 Walters AS, LeBrocq C, Passi V, et al. A preliminary look at the 
percentage of patients with restless legs syndrome who also have 

Parkinson’s disease, essential tremor or Tourette syndrome in a 
single practice. J Sleep Res. 2003;12:343–5.

133.	 Wenning GK, Colosimo C, Geser F, et al. Multiple system atro-
phy. Lancet Neurol. 2004;3(2):93–103.

134.	 Wenning GK, Tison F, Shlomo YB, et al. Multiple system atro-
phy: a review of 203 pathologically proven cases. Mov Disord. 
1997;12(2):133–47.

135.	 Wetter TC, Collado-Seidel V, Polmächer T, et al. Sleep and peri-
odic leg movement patterns in drug-free patients with Parkinson’s 
disease and multiple system atrophy. Sleep. 2000;23:361–6.

136.	 Wiegand M, Möller AA, Lauer CJ, et al. Nocturnal sleep in Hun-
tington’s disease. J Neurol. 1991;238:203–8.

137.	 Yamaguchi M, Arai K, Asahina M, et al. Laryngeal stridor in mul-
tiple system atrophy. Eur Neurol. 2003;49:154–9.


	Part VII 
	Neurological Sleep Disorders
	Chapter-32
	Sleep in Neurodegenerative Diseases
	Introduction
	Parkinson Disease
	Insufficient and Fragmented Nocturnal sleep
	Excessive Daytime Sleepiness
	Sleep-Disordered Breathing
	REM Sleep Behavior Disorder
	Restless Legs Syndrome
	Periodic Leg Movements During Sleep

	Multiple System Atrophy
	Insufficient and Fragmented Nocturnal Sleep
	Excessive Daytime Sleepiness
	REM Sleep Behavior Disorder

	Huntington Disease
	REM Sleep Behavior Disorder
	 Restless Legs Syndrome

	Progressive Supranuclear Palsy
	Hereditary Ataxias
	REM Sleep Behavior Disorder
	Restless Legs Syndrome
	Sleep-Disordered-Breathing

	References







