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Summary
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The interest in sleep disorders associated with
neurodegenerative diseases is growing. Indeed,
they add up to the clinical features of each of
these conditions and may bring insight into their
mechanisms. Along this line one of the major
findings in recent years has been that REM-sleep
behaviour disorder (RBD) has a predilection for
synucleinopathies including idiopathic Parkinson’s
disease, multiple system atrophy and dementia
with Lewy bodies, though not for tauopathies.
We have reviewed neurodegenerative diseases
without dementia (with the exception of idiopathic
Parkinson’s disease reviewed in another article of
the same issue) and neurodegenerative diseases
with dementia, in considering clinical features,
pathologic patterns, associated sleep disorders
and their treatments. Multiple system atrophy is
characterised by rather severe breathing abnormalities, including obstructive sleep apnoea/hypopnoea syndrome, dysrhythmic breathing and laryngeal stridor, and by REM-sleep behaviour disorder
which may precede the onset of clinical features
of multiple system atrophy by several years. Insomnia is the most common sleep-related symptom of
progressive supranuclear palsy. It is generally more
severe than in other neurodegenerative diseases.
Polysomnography shows the progressive shortening of sleep. Rapid eye movements of REM sleep
are abnormal. Sleep disorders have not been systematically investigated in corticobasal degeneration. The most efficient therapeutic approaches of
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these conditions include continuous positive airway pressure (CPAP) in the case of sleep breathing abnormalities and clonazepam for REM-sleep
behaviour disorder. Alzheimer’s disease is the most
frequent neurodegenerative disease with dementia. Sleep is both reduced and disorganised. Sleeprelated breathing disorders are common. Special
features of Alzheimer’s disease are “sundowning”,
an agitation behaviour occurring during the early
evening and “episodic nocturnal wandering”. In
frontotemporal dementia sleep disorders are comparable to those of other dementias with aspecific
impairment of sleep continuity and architecture.
In comparison with other dementias, dementia with
Lewy bodies leads to more severe sleep disturbances, including more movement disorders whilst
asleep, more excessive daytime sleepiness and
REM-sleep behaviour disorder characteristic of a
synucleinopathy. Current treatments fall into four
categories: identifying and treating any medical
factor of impaired sleep, using sedative medications as parcimoniously as possible, environmental
and circadian manipulations.
Keywords: neurodegenerative diseases; parkinsonism; primary dementias; sleep disorders; synucleinopathy; tauopathy

Introduction
Within the last ten years the interest taken in the
sleep of patients with neurodegenerative diseases
has greatly increased. There are many reasons for
that. First, patients affected with these conditions may complain of various sleep impairments,
insomnia, hypersomnia, parasomnia, which find
their roots in neurological lesions and may resist
conventional treatments. Second, some of these
sleep disorders such as severe insomnia, sleeprelated abnormal respiratory patterns, REM-sleep
behaviour disorder (RBD) may be particular to
one or several of these neurodegenerative diseases
and help in their positive diagnosis. Third, an improved knowledge of the pathology of each of these
conditions opens a window on the anatomical basis
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of the observed sleep disorders. Last, a recent major
progress has been made in considering idiopathic
Parkinson’s disease, multiple system atrophy and
dementia with Lewy bodies as alpha-synucleinopathies and Alzheimer’s disease, progressive supranuclear palsy, frontotemporal dementia and corticobasal degeneration as tauopathies [1]. In this
article we will concentrate on well-recognised
neurodegenerative diseases: idiopathic Parkinson’s
disease; other neurodegenerative diseases with
parkinsonism, multiple system atrophy, progressive
supranuclear palsy and corticobasal degeneration;
and primary degenerative dementias including
Alzheimer’s disease, frontotemporal dementia and
dementia with Lewy bodies. On the other hand,
hereditary disorders like Huntington’s chorea,
Wilson’s disease and Hallervorden-Spatz disease,
and primary dystonia which shows no consistent
structural abnormality at autopsy, will not be considered. Clinical features, pathologic characteristics
and sleep abnormalities of each neurodegenerative
disease will be described, while therapeutic approaches will be reviewed for neurodegenerative
diseases with and without dementia.

Idiopathic Parkinson’s disease
Parkinson’s disease is characterised by akinesia,
rigidity and resting tremor. In addition to these
cardinal symptoms, alteration in postural reflexes
leading to falls, autonomic symptoms, and neurophysiological and psychiatric changes such as
dementia and depression are often observed.
Pathologically Parkinson’s disease consists in
a neuronal degeneration affecting the pigmented
formations of brainstem, substantia nigra whose
dopamine neurons project on the striatum, locus
coeruleus, dorsal vagal nucleus, the serotonergic
raphe nuclei of mesencephalon and pons, as well
as other structures which might play an important
role, nucleus basalis of Meynert, amygdala and
the CA2–3 sector of the hippocampus [2]. Neuronal degeneration is characterised by the presence
of intraneuronal inclusions, Lewy bodies and their
processes (Lewy neurites), the nature of which
remained uncertain for a long time. Today it appears that Lewy bodies and neurites contain ubiquitine which recognises ill-developed proteins,
binds to them and leads to their degradation
through the proteasome [3] and alphasynuclein
[4], a presynaptic protein, which is altered under
the effect of ubiquitine, hence the name alphasynucleinopathy given to Parkinson’s disease and
other diseases also characterised by altered alphasynuclein.
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Sleep disorders are common in patients with
Parkinson’s disease. They consist of insomnia,
excessive daytime sleepiness, parasomnias, sleep
breathing disorders and abnormal movements
during sleep. They are described in another article
of the same issue.

Other neurodegenerative diseases with
parkinsonism
Multiple system atrophy
Multiple system atrophy (MSA) is a degenerative
disorder of the central and autonomic nervous
system which combines in a variable manner, parkinsonism, cerebellar and pyramidal signs and
dysautonomia signs. It is divided into two main
clinical and pathologic forms: striatonigral degeneration (MSA-parkinson type) which is often
misdiagnosed as Parkinson’s disease and sporadic
olivopontocerebellar atrophy (MSA-cerebellar
type) which may be undistinguishable from idiopathic late-onset cerebellar ataxia at the beginning.
The Shy-Drager syndrome is not considered any
more as a distinct form as dysautonomia is a quasi
universal feature of multiple system atrophy whatever its type.
Characteristic histologic features are neuronal
loss and gliosis. In the striatonigral system lesions
predominate in the ventral part of substantia nigra,
the dorsolateral putamen and the external pallidum. In the olivo-ponto-cerebellar system degeneration involves nuclei ponti and inferior olives,
while the dentatus nucleus is relatively spared.
Other impaired structures include dorsal vagus
nucleus, locus coeruleus, nucleus ambiguous, intermediolateralis cell columns and anterior horn cells
of the spinal cord [5]. The discovery of the glial
cytoplasmic inclusion helped to define multiple
system atrophy as a clinicopathological entity and
drew attention to the prominent role played by
the oligodendrocytes in the pathogenesis of the
condition [6]. Subsequently, glial cytoplasmic inclusions were shown to be positive for alpha-synuclein, providing a link with Parkinson’s disease
(alpha-synucleinopathy) [7, 8].
The most common sleep disorders in multiple
system atrophy result from a variety of sleepbreathing abnormalities including obstructive
sleep apnoea/hypopnoea syndrome [9–11], dysrhythmic breathing [10] and laryngeal stridor due
to laryngeal abductor paralysis [12, 13] which can
cause sudden death.These are probably correlated
with direct involvement of the regions of the brain
stem that contain the respiratory neurons. REM-
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sleep behavior disorder (RBD) is a frequent feature of multiple system atrophy [14–17] as it is for
idiopathic Parkinson’s disease. It often precedes
the onset of MSA features. REM-sleep behaviour
disorder is characterised by the intermittent loss
of REM-sleep electromyographic atonia and the
appearance of elaborate motor activity associated
with dream mentation [18, 19]. This syndrome has
first been experimentally induced in the cat following bilateral peri-locus coeruleus lesions
[20–22]. Loss of neurons has been described in the
locus coeruleus and other pontine structures. However, pontine abnormalities may not be a necessary
prerequisite for REM-sleep behaviour disorder.
Dysfunction of centres and pathways projecting to
pontine neurons involved in generation and maintenance of muscle atonia during REM sleep may
also lead to REM-sleep behaviour disorder.

Progressive supranuclear palsy (PSP)
This is a condition with axial, specially neck rigidity; an erect gait with frequent falls, especially
backwards; marked impairment of eye movements
including a paresis of vertical downward gaze, slow
vertical saccades more than pursuit, staring with
widely opened eyes; pseudobulbar signs.
Histologic lesions consist of neurofibrillary degeneration (neurofibrillary tangles), neuronal loss
and gliosis of subcortical structures including
substantia nigra, superior colliculi, pretectal area,
periaqueductal gray, pediculopontine nuclei, internal pallidum, subthalamic nucleus, nucleus dentatus and less constantly locus coeruleus, oculomotor
nuclei, red nucleus, medullar olive, median thalamic
nuclei and the anterior horn cells of the spinal cord
[23, 24].Abnormal phosphorylated tau proteins are
the basic component of neurofibrillary tangles [25]
as is the case in Alzheimer’s disease, hence the term
tauopathy used for these diseases. However, tau
proteins do not only accumulate in neurons. They
accumulate also in the cell body of the oligodendrocytes [26] and in the astrocytes [27].
Insomnia, the most common sleep-related
symptom of progressive supranuclear palsy, appears to be more severe than in other degenerative
neurological diseases. Periods of uninterrupted
sleep of 1 to 2 hours may be present at the beginning, but as the disease progresses the total amount
of sleep decreases, down to no sleep at all in some
cases [28–30]. Polysomnography is of great value
showing increased fast activity and intrusion of
alpha frequency activity, poorly formed sleep
spindles and K-complexes. Rapid eye movements
of REM sleep are abnormal: vertical eye move-
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ments are absent while horizontal eye movements
are slower than usual and reduced in number and
amplitude. Functional alteration of the median
thalamic nuclei may be responsible for the loss of
K-complexes and sleep spindles. Absence of vertical eye movements depends on superior colliculi
and pretectal area lesions.
REM-sleep behaviour disorder has been reported in a few cases [28, 31–34].

Cor ticobasal degeneration
Corticobasal degeneration (CBD) is a progressive
neurodegenerative disorder typically characterised
by akinesia-rigid parkinsonism and apraxia. Importance and persistence of asymmetric symptomatology is of great diagnostic value. Clumsiness of the
hand and akinesia are generally the presenting
symptoms followed by rigidity and fixed flexion
dystonia of the upper limbs. Myoclonus is present
in more than half of the cases. The alien hand-limb
phenomenon is typical but inconstant.
Pathological features include an asymmetrical
cortical atrophy predominating in fronto-parietal
and rolandic regions; a neuronal loss and a severe
gliosis predominating in the lateral thalamus, striatum, subthalamic nucleus, red nucleus, substantia
nigra, locus coeruleus, raphe nuclei and midbrain
tegmentum; and the presence of achromatic and
swelled neurons (ballooned cells) [35–37]. Corticobasal degeneration is also characterised by the
accumulation of abnormal tau protein in neurons
and glia [25, 27].
Sleep disorders have not systematically been
investigated in corticobasal degeneration.A case of
REM-sleep behaviour disorder has been reported
with 14 episodes of sleeptalking and singing associated with various movements occurring exclusively during a REM-sleep period without atonia,
probably in relation to gliosis in brain stem nuclei
[38]. Unilateral periodic limb movements in a case
of corticobasal degeneration are of interest in suggesting the role of the loss of inhibitory descending
central pathways in the pathogenesis of periodic
limb movements [39].

Treatment of sleep disorders in other neurodegenerative diseases with parkinsonism
The approach to diagnosis and management of
sleep disorders in these diseases is basically similar
to that used for Parkinson’s disease. However,
because of the risk of serious consequences of
disordered breathing in multiple system atrophy,
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probably in relation to autonomic dysfunction,
polysomnography should be considered systematically in these subjects and nasal CPAP is indicated in all cases of obstructive sleep apnoea/hypopnoea syndrome. In some cases of stridor caused
by vocal cord paresis tracheostomy might be necessary [13]. As already pointed out, insomnia, the
most common sleep-related symptom of progressive supranuclear palsy, appears to be more severe
than in most other neurodegenerative diseases.
Unfortunately the drug therapy of insomnia in
progressive supranuclear palsy is rather frustrating,
as is the drug therapy of progressive supranuclear
palsy itself. However, in contrast with most cases of
chronic primary insomnia or insomnia associated
with mental disorders, subjects with progressive
supranuclear palsy sometimes show a surprising
tolerance to their major sleep curtailment. Patients
with REM-sleep behaviour disorder, whatever
the neurodegenerative condition, usually respond
to clonazepam, at least initially. This treatment
reduces behavioural manifestations and phasic
EMG activity without totally restoring REMsleep atonia. The mode of action of clonazepam
is still unclear. Second-line treatments include
tricyclic antidepressants, carbamazepine, L-Dopa
and dopaminergic agonists.

Primary degenerative dementias
Alzheimer’s disease
In Alzheimer’s disease the first clinical abnormality is usually subtle memory impairment, often with
insight into this progressive abnormality. Naming
difficulty and lack of spontaneous convention or
other intellectual activity may be evident. Later
the features of progressive dementia, with more
marked memory disturbance, lack of initiative, disorientation, impaired motor abilities (apraxia),
disturbance of speech (aphasia), inability in recognition of perceptions (agnosia), develop. Later
still, loss of personal hygiene and social behaviours
become disabling problems, and increased muscle
tone and hesitant apraxic gait result in immobility
followed by emaciation, stupor and death. In the
early stages, depression is often an important feature, presumed to be a consequence of the patient’s
recognition of his or her troubles. Coexisting
neurologic features depend on the distribution
and nature of the brain lesions. Frontal lobe motor
signs as well as extrapyramidal and pyramidal
dysfunctions may be present.
At microscopic examination Alzheimer’s disease is characterised by three processes: amyloid
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deposits, neurofibrillary degeneration and neuronal and synaptic loss [40].The amyloid deposits are
made of a 40 to 42 amino-acid long peptide, named
Aβ , derived from a large size amyloid protein precursor (APP). Antibodies directed against the
Aβ peptide detect amyloid plaques in almost the
totality of cerebral cortex, in the hippocampal
region and in the wall of arterioles and capillaries.
The neurofibrillary degeneration leads to neurofibrillary tangles, the crown of the senile plaque and
the neuropil threads which are all characterised by
the accumulation of paired helical filaments (PHF)
labelled by antibodies directed against the tau
protein. In the normal brain there are six major
tau isoforms. In Alzheimer’s disease the neurofibrillary degeneration is related to the phosphorylation of three tau isoforms. The senile plaque
consists of a central core of amyloid deposit surrounded by dystrophic neurites made of abnormal
protein tau (crown of the senile plaque). Neuronal
loss occurs after neurofibrillary degeneration and
could be provoked by the neurofibrillary degeneration itself. Besides tau protein and Aβ peptide
several other proteins may be involved: presenelin
1 and 2, apolipoprotein E and even alpha-synuclein
present next to Aβ peptide in the senile plaque.
A prominent clinical feature of Alzheimer’s disease is disturbed sleep with increased night-time
wakefulness, daytime sleepiness and sleep episodes
[41]. A more or less random distribution of sleep
throughout the 24-hour day is common. In addition, “sundowning”, an agitation behaviour that
occurs during the early evening either just before
or after dinner, and “nocturnal wandering” with
disorientation and confusion are often major
problems for caregivers. Polysomnographic studies
have validated these clinical observations with
increased sleep latency and nocturnal awakenings,
decreased NREM sleep stages 3 and 4, REM sleep
and total sleep time, increased daytime napping.
Additionally, sleep-related breathing disorders
occur more frequently in patients suffering from
Alzheimer’s disease than in non-demented subjects, and indexes of severity of sleep-related
breathing disorder have been correlated with
the importance of cognitive impairment [42]. A
single case of REM-sleep behaviour disorder with
autopsy-confirmed Alzheimer’s disease has been
reported [43].
While the neuropathology of dementia can
directly disrupt sleep, sleep disturbances in patients
with dementia may also depend on multiple causes
that require systematic evaluation [44].
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Frontotemporal dementia
Frontotemporal dementia is the second cause of
degenerative dementia after Alzheimer’s disease.
It is characterised by behavioural disturbances,
affective symptoms, difficulty in verbal expression,
preservation of spatial orientation and praxis.
Physical signs are tardive including archaic reflexes, pyramidal signs, parkinsonism, hypotension
and tension variations.
Neuropsychological examination reveals disorders of the executive functions.
The clinical syndrome occurs with either of
three histologic types: prominent microvacuolar
change without specific histological features
(aspecific frontotemporal lobe degenerative-type),
severe astrocytic gliosis with or without ballooned
cells and inclusion bodies (Pick-type), aspect identical to aspecific frontotemporal lobe degeneration-type, plus spinal motoneuron degeneration
(motoneuron disease type) [45, 46]. Abnormal
tau protein is present in frontotemporal dementia
[47]. However, electrophoretic profiles of the abnormal tau protein differ in aspecific frontotemporal dementia and Pick’s disease [48].
Sleep disorders are comparable to the other
dementias with aspecific impairment of sleep
continuity and architecture [49]. REM-sleep behaviour disorder has not been reported.

Dementia with Lewy bodies
Characteristic features of dementia with Lewy
bodies (DLB) are progressive dementia, moderate
parkinsonism, myoclonus, marked fluctuation of
alertness and cognitive performances, precocious
and elaborated visual hallucinations, and depression.
The pathology includes cortical Lewy bodies
and Lewy body-related neurites.The cortical Lewy
bodies are slightly different from those encountered in the brainstem, but they retain their
antigenic characteristics: they are stained by the
antiubiquitin antibodies and the antisynuclein
antibodies [50]. Thus dementia with Lewy bodies
is part of the alpha-synucleinopathies together
with Parkinson’s disease and multiple system
atrophy.
The level of sleep disturbances in dementia with
Lewy bodies is high. In comparison with Alzheimer’s disease, DLB patients have more overall
sleep disturbances, more movement disorders
whilst asleep and more abnormal daytime sleepiness [51]. However, the most typical sleep disorder
associated with dementia with Lewy bodies is
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REM-sleep behaviour disorder [52–55], to the
extent that it is regarded as a supportive feature
for the diagnostic of dementia with Lewy bodies
[56].Worth mentioning is the fact that most patients
described by Boeve et al. [55] began REM-sleep
behaviour disorder years, sometimes decades, before the cognitive symptoms evolved.

Treatment of sleep disorders in dementias
Current treatments for improving sleep in dementias fall into four categories: identifying and treating any treatable factor of impaired sleep, pharmacology, environmental manipulations and circadian
therapies.
Medications that could have an adverse effect
on sleep and breathing during sleep should be
reduced in dose or discontinued. Associated conditions that could interfere with sleep, such as
pain due to arthritis or other diseases, should be
treated.Agitated depression is not uncommon and
responds well to drugs such as trazodone. Frequency of urination may result from infection or
enlarged prostate and should be treated.
Due to the limited number of controlled trials
demonstrating the efficacy of sedating medications
in demented patients and the frequent adverse
effects of those, their use should be as parcimonious
as possible. Sedating antidepressants such as
trazodone may be of benefit in those subjects with
depression and low doses of haloperidol in case of
uncontrollable agitation.
Physical restraints should be avoided. Providing
a wandering area available at night in institutions
may allow demented persons with increased hyperactivity at night not to be forced to stay in bed. The
use of a night light may decrease the disorientation
that occurs in the dark. Finally, caregivers need to
be trained to give reassurance and reality orientation. Staying with a patient for a quarter of an
hour or more is usually more efficient than giving
medications.
In addition, it is important attempting to reduce
frequent naps during the day and encouraging
the person to go to bed later. Exercise programs
during the day act in the same direction. Evening
light exposure is useful in reducing disruptive
night-time activity [57]. More recently, the role
of low-intensity dawn-dusk simulation, a “naturalistic” form of light therapy designed to embed sleep
in its accustomed phase, has been underlined [58].
Melatonin has been shown to improve sleep and
suppress “sundowning” in subjects with Alzheimer’s disease [59].
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Conclusion
Neurodegenerative diseases are associated with a
wide variety of sleep disorders which range from a
disorganisation of sleep continuity and architecture in all dementias to more specific disorders
in neurodegenerative diseases without dementia. An increasing knowledge of the pathology of
these diseases and the associated neurotransmitter
deficits opens a window on the understanding of
the brain mechanisms involved in the occurrence
of these sleep disorders. A major breakthrough of
the last years was the observation that REM-sleep
behaviour disorder has a predilection for alphasynucleinopathies including Parkinson’s disease,
multiple system atrophy and dementia with Lewy
bodies, not for tauopathies such as Alzheimer’s
disease, progressive supranuclear palsy, frontotemporal dementia and CBD, and that REM-sleep
behaviour disorder may precede by several years
the development of the disease itself, a fact of
major clinical relevance. Yet, the site of degeneration causing REM-sleep behaviour disorder
remains unclear; brainstem proton magnetic resonance spectroscopy in idiopathic REM-sleep behaviour disorder did not detect any brainstem
abnormality [60]. Moreover, a few cases of REMsleep behaviour disorder have been described
in subjects with progressive supranuclear palsy,
CBD or Alzheimer’s disease. Thus further investigations are indicated to elucidate the relationship between REM-sleep behaviour disorder and
alpha-synucleopathy.Also a common methodology
should be observed in polysomnographic evaluations of subjects with neurodegenerative diseases
so that results obtained by different authors can be
compared. Unfortunately, except for REM-sleep
behaviour disorder, there is no current hope for
more efficacy in the treatment of associated sleep
disorders than in the treatment of the neurodegenerative diseases themselves.
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