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KEY POINTS

� Sleep disorders are common in neurodegenerative conditions.

� Certain sleep disorders are more common in specific neurodegenerative conditions. REM sleep
behavior disorder is more commonly seen in Parkinson disease than in Alzheimer disease.

� Common sleep disorders that may occur in most neurodegenerative conditions include insomnia,
sleep apnea, restless legs syndrome, and circadian rhythm disorders.
INTRODUCTION

Cerebral neurodegenerative disorders, such
as Parkinson disease (PD) and dementia, are
increasing in prevalence as the population ages.
These disorders are characterized by neuronal
cell loss and abnormal accumulation of protein in
cells of the brain. Symptoms, such as tremor,
muscle rigidity, imbalance, and impaired cogni-
tion, progressively worsen with time. Not only are
there challenges in managing the primary symp-
toms of these conditions, but many of these pa-
tients also suffer from sleep complaints, such as
insomnia or hypersomnia. Others may suffer from
abnormal movements during sleep, known as
rapid eye movement (REM) sleep behavior disor-
der (RBD). This disorder may be dangerous and
disruptive to sleep, and can sometimes precede
the development of other symptoms of neurode-
generative disorders by years or even decades.
High rates of sleep disorders, such as insomnia,
hypersomnia, sleep apnea, restless legs syndrome
(RLS), and circadian rhythm disorders, in older
adults with neurodegenerative disorders are likely
caused by the underlying symptoms of the disease
along with damage to sleep-controlling regions of
Disclosure Statement: The author has no relevant discl
interest.
Department of Neurology, Saint Louis University Schoo
Boulevard, St Louis, MO 63104, USA
E-mail address: Ramanmalhotramd@gmail.com

Sleep Med Clin - (2017) -–-
https://doi.org/10.1016/j.jsmc.2017.09.006
1556-407X/17/� 2017 Elsevier Inc. All rights reserved.
the brain. It is important to recognize and properly
manage these sleep disorders because treatment
may improve symptoms of the neurodegenerative
condition and improve quality of life.

PARKINSON DISEASE AND OTHER
SYNUCLEINOPATHIES

PD is a progressive neurodegenerative condition
that causes motor symptoms of bradykinesia,
shuffling gait, tremor, and rigidity. It is the second
most common neurodegenerative condition
affecting more than 1% of the population older
than 60 years of age.1 Patients commonly present
with postural instability and falls. The pathologic
hallmark of PD is Lewy bodies, which are intra-
neuronal a-synuclein inclusions. Lewy bodies first
involve lower brainstem areas before spreading
next to the substantia nigra and eventually areas
throughout the brain. Motor symptoms of PD typi-
cally respond well to dopamine therapy early in the
course of the disease. There are a variety of non-
motor symptoms of PD, including autonomic, ol-
factory, and mood dysfunction, and poor sleep.
Sleep disorders are seen in most patients with
PD.2 The most common sleep disorders are
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insomnia, periodic limb movement disorder,
sleep-disordered breathing, and RBD. In addition
to PD, other synucleinopathies (which are central
nervous system degenerative conditions caused
by abnormal a-synuclein accumulation) include
Lewy body dementia and multiple system atrophy,
which are also associated with high rates of the
same sleep disorders typically seen in patients
with PD.
Sleep is disrupted in PD and other synucleino-

pathies for numerous reasons. Themotor and non-
motor symptoms described previously can lead to
poor sleep at night. Many medications used for PD
can have side effects of sleepiness and poor
sleep. In addition, the sleep-controlling centers of
the brain are also affected by the underlying neuro-
degenerative process in the brain. Involvement of
the pedunculopontine nucleus, locus ceruleus,
pontine ceruleus alpha nucleus, and raphe nuclei
are implicated in disorders of REM sleep and
slow wave sleep, and have been directly localized
as areas of involvement in some animal models
of PD.3
Insomnia

Insomnia is defined by a complaint of repeated dif-
ficulties with initiating sleep, maintaining sleep, or
waking up earlier than desired that occurs despite
adequate time and opportunity for sleep. The
symptoms should result in some form of daytime
impairment to meet criteria for this disorder.4 Pa-
tients suffering from synucleinopathies, such as
PD, commonly complain of insomnia. Patients
with PD more commonly suffer from sleep mainte-
nance insomnia as compared with sleep-onset
insomnia. One study cites sleep problems in
60% of patients with PD, with 76% complaining
of poor sleep.2 Insomnia may occur from a variety
of issues (Box 1). The motor symptoms of PD can
Box 1
Common causes of insomnia in Parkinson
disease

Motor symptoms (cramps, stiffness, impaired
turning in bed)

Nocturia

Depression and/or anxiety

Medication side effect

Inadequate sleep hygiene

Restless legs syndrome

Sleep apnea

Circadian rhythm disorders
cause issues with muscle cramps, stiffness, and
difficulties with turning or rolling in bed. Nonmotor
symptoms, such as autonomic dysfunction (which
can lead to frequent nocturia) or mood disorders,
also contribute to sleep disruption. Many medica-
tions used for PD can cause disrupted sleep at
night or sleepiness during the daytime (causing
less sleepiness overnight). Sleep-controlling areas
of the brain may be damaged leading to insomnia.
As the PD and nervous system degeneration pro-
gresses, insomnia also worsens in incidence and
severity. Underlying mood disorders and wors-
ening motor and nonmotor PD symptoms also
contribute to worse insomnia later in the course
of the disease. Polysomnography in patients with
PD demonstrates prolonged sleep latency and
fragmented sleep with reduced slow wave sleep
and REM sleep. Insomnia may often result in sub-
jective complaints of daytime fatigue, irritability,
mood changes, poor attention, trouble with motor
skills, and may result in decreased ability to func-
tion at baseline during waking hours.
Diagnosis and evaluation of insomnia typically

involves a good history of sleep habits, bedtimes,
wake times, naps, and awakenings at night.
Directed questions in regards to causes or exacer-
bating factors of insomnia, such as RLS, medica-
tions, motor symptoms of PD, sleep apnea, and
circadian rhythm disorders, should be performed.
Sleep logs, diaries, and sleep trackers, such as
actigraphy or wearable devices, are helpful. Poly-
somnography may be necessary if insomnia is
thought to be secondary to sleep apnea, periodic
limb movement disorder, or parasomnias.
Management of insomnia includes identifying

and addressing any underlying primary sleep dis-
orders. In addition, good sleep habits and hygiene
should be encouraged. Medications and their
timing should be scrutinized and possibly altered.
If motor symptoms of PD are keeping the patient
up at night, dopamine therapy at night may be
necessary to alleviate the symptoms to help
induce and maintain sleep. Short-acting carbi-
dopa/levodopa, long-acting carbidopa/levodopa,
dopamine agonists, and transdermal dopamine
(ie, rotigotine patch) have shown small benefits in
motor symptoms during the night in small trials.5

Sometimes the dopamine agent itself may be
causing insomnia. A decrease in dose or change
in timing of the doses may improve sleep.
Primary sleep disorders, such as RLS and circa-

dian rhythm disturbances, need to be correctly
identified as a cause of insomnia in patients with
PD. RLS is seen in 15% to 20% of patients with
PD.6 RLS is difficult to distinguish from other
causes of leg pain in this population, such as mus-
cle spasms and arthritis. Serum ferritin and iron



Box 2
Common causes of hypersomnia in Parkinson
disease
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studies should be evaluated in these patients and
replaced if low (ie, ferritin <50). Other treatments
for RLS include dopamine agonists, gabapentin,
pregabalin, and opioids. Some patients who pre-
sent with sleep maintenance insomnia or early
morning awakenings may have a circadian rhythm
disorder, such as advanced sleep-wake phase
disorder. This condition is seen more commonly
in the older population and in patients with neuro-
degenerative disorders. Delayed sleep-wake
phase disorder is also seen in this population
and may present with sleep-onset insomnia or dif-
ficulties awakening in the morning. Circadian
rhythm disturbances have been described in pa-
tients with PD, including disruption of circadian
markers, such as cortisol and melatonin levels.7,8

Diagnosis should include a detailed history, sleep
logs, and actigraphy. Patients with advanced
sleep-wake phase disorder demonstrate evening
sleepiness with difficulties in staying asleep. A pro-
longed sleep latency and later wake times are
commonly reported in delayed sleep-wake phase
disorder. Treatment of advanced sleep-wake
phase disorder involves evening bright light ther-
apy. Treatment of delayed sleep-wake phase dis-
order involves bright light on awakening in the
morning along with evening melatonin several
hours before desired bedtime.

Hypnotic medications should be used judi-
ciously in this population because of concerns of
causing falls, worsened balance, and impaired
cognition. Potential benefits of therapies should
be weighed against their risks. Hypnotics used in
the general adult populations are the same agents
typically used in patients with PD. There are limited
studies evaluating use in this specific population.
Studies have demonstrated effectiveness of eszo-
piclone and another with doxepin in improving
subjective impression of sleep in patients with
PD, but not objective measurements.9,10 Sedating
antidepressants have been used, but there should
be caution because they may worsen RLS or peri-
odic limb movements of sleep. As in the general
population, cognitive behavioral therapy for
insomnia is strongly suggested as first-line therapy
for treatment of insomnia, although again evidence
is scarce in relation to its effectiveness specifically
in patients with PD.
Sleep apnea

Medication side effect

Loss of hypocretin neurons (central nervous sys-
tem hypersomnia)

Insufficient sleep

Circadian rhythm disorder

REM sleep behavior disorder
Hypersomnia

Excessive daytime sleepiness is a common symp-
tom in patients with PD. Because hypersomnia is a
side effect of dopamine therapy, this may present
early on in the disease process when dopamine
therapy is initiated for motor symptoms.11 How-
ever, this is not the only reason that excessive
daytime sleepiness may present in this population
(Box 2). Many wake-promoting regions in the brain
are affected in PD, including the locus coeruleus,
raphe nucleus, and hypocretin neurons, among
other areas. One study suggests that hypersomnia
precedes the development of other motor symp-
toms in PD, demonstrating sleepy adults had a
three times higher risk of developing PD than non-
sleepy adults.12 Sleepiness may present with
sleep attacks, or sudden onset sleep, which are
more commonly reported in patients with PD (up
to 14%) than age-matched control subjects.13

Sleep attacks are dangerous if they occur during
driving, work, or other activities where a sudden
change in alertness may be dangerous. Sleep at-
tacks can also be a side effect of dopamine ago-
nists commonly used as treatment in patients
with PD. In PD and multiple system atrophy,
there has been evidence of damage to hypocretin
neurons in the hypothalamus, leading to a
narcolepsy-like condition with related symp-
toms.14 Low hypocretin levels have been
measured in patients with PD with these
symptoms.15

A careful interview and evaluation for primary
sleep disorders (eg, sleep apnea, restless legs,
insomnia) is an important first step. Sleepiness
as a possible side effect of dopamine therapy
must also be recognized in patients with PD
presenting with hypersomnia. If these factors
and other causes of hypersomnia have been
addressed, then use of a wake-promoting agent
can be considered. Agents used to treat hyper-
somnia and narcolepsy in the general population
are the same ones used in patients with PD with
hypersomnia. Caffeine, modafinil, and methylphe-
nidate have all been shown to improve sleepiness
in patients with PD.16,17 One trial used sodium
oxybate and demonstrated improvement in symp-
toms.18 Given the age of the population, caution
must be used when starting wake-promoting
agents in patients with comorbid cardiac or
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psychiatric disorders, and adverse effects, such
as hypertension, confusion, and agitation, should
be monitored.

Sleep-Disordered Breathing

Sleep-disordered breathing in the form of central
and obstructive sleep apnea is seen in a greater
proportion of patients with PD than in age-
matched control subjects, although some studies
dispute this finding.19 Polysomnography is the
proper diagnostic test in this population, because
typically there is also concern for RBD and peri-
odic limb movement disorder, both of which are
not able to be identified with home sleep apnea
testing. A randomized placebo-controlled cross-
over study of patients with PD showed improve-
ments in sleep architecture and objective
measures in sleepiness in the patients treated
with continuous positive airway pressure
(CPAP).20 As in the general population, positive
airway pressure is typically effective in treating
obstructive sleep apnea, but adherence remains
a glaring challenge. Use of CPAP in patients with
multiple system atrophy demonstrated that more
than 66% discontinued CPAP after a year in one
study.21 In addition to typical obstructive sleep ap-
nea symptoms, patients with multiple system atro-
phy may present with stridor and laryngeal
dysfunction, which is a poor prognostic factor
and requires treatment with positive airway pres-
sure or other forms of nocturnal ventilation.22

Parasomnias

Patients with PDmay complain of abnormal move-
ments during sleep. This may be from a variety of
conditions including sleep myoclonus, periodic
limb movements of sleep, tremor, dystonia, or par-
asomnias. RBD is the most common parasomnia
seen in patients with PD, seen in up to 60% of pa-
tients with PD. RBD is even more common in
multiple-system atrophy and Lewy body dementia
(75% or higher).23 RBD involves repeated epi-
sodes of sleep-related vocalization and/or com-
plex motor behaviors that occur during REM
sleep. Motor activity can be reaching, grabbing,
kicking, or other vigorous motor activity that could
lead to injury of the patient or bed partner.4 Nonvi-
olent behaviors, such as smiling, laughing, or
shouting, can also occur. The patient does not
typically ambulate, with almost all motor activity
occurring in or next to the bed. Eyes are typically
closed and the patient does not interact with the
environment. If awoken from the event, the patient
returns to normal levels of consciousness, but may
remember dream content related to the motor ac-
tivity. Patients with PD with RBD have fewer
tremors, more falls, more autonomic dysfunction,
and more cognitive dysfunction than patients
with PD who do not have RBD.24 RBD has been
shown to be a prodromal stage for PD and other
synucleinopathies. Studies following patients
with idiopathic RBD have demonstrated high rates
of conversion to PD and other synucleinopathies,
with a 45% rate of conversion at 5 years, 76%
rate at 10 years, and more than 90% rate at 14
years.25 These patients with RBD at high risk for
central nervous degenerative disorders will likely
be ideal candidates for neuroprotective therapy
when they become available, although at this
time no proven therapies of this kind exist. Patients
with idiopathic RBD need to be counseled in
regards to this risk and followed for early signs of
cerebral neurodegenerative conditions, namely
synucleinopathies. This follow-up may include
questioning in regards to symptoms; serial neuro-
logic examinations to look for early signs of
disease; or more formal testing, such as neuropsy-
chological testing or imaging of the brain.
RBD diagnosis requires not only a clinical his-

tory of dream enactment behavior, but also in the
sleep laboratory, attended polysomnography
demonstrating REM sleep without atonia.4 In addi-
tion to standard chin and lower extremity surface
electromyogram recording leads, additional upper
extremity electromyogram leads in the arms or
shoulders are used to increase sensitivity in identi-
fying REM sleep without atonia.26 Polysomnogra-
phy is also useful in ensuring there are no other
causes of abnormal movements during sleep,
such as periodic limb movements of sleep or
sleep-disordered breathing triggering increased
muscle tone during REM sleep (pseudo-RBD).
Initial therapy for RBD includes securing the

sleep environment and avoiding injury to the pa-
tient or bed partner. This includes removing sharp
objects and weapons from the bedroom, possibly
sleeping in separate beds, moving the bed away
fromwindows, or placing the mattress on the floor.
It is also necessary to educate the patient on
possible triggers for RBD including medications
and sleep deprivation. Treating any underlying pri-
mary sleep disorders, such as RLS or sleep-
disordered breathing, should also be emphasized.
Pharmacologic treatment of RBD includes two
major therapies: clonazepam and melatonin.27

Clonazepam was the first medication shown to
be effective in treating RBD. Themechanism of ac-
tion is unclear. Clonazepam is effective in
improving RBD motor activity, but there are signif-
icant concerns in older adults in regards to
possible side effects of cognitive impairments,
sleepiness, and increased risk for falls. Melatonin
at high doses has also been shown to improve
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RBD symptoms, with less potential for side ef-
fects.28 For refractory cases, combination of mela-
tonin and clonazepam has been used along with a
customized bed alarm. Cases series and other
small studies demonstrate possible effectiveness
of rivastigmine, dopamine agonists, desipramine,
clozapine, and carbamazepine.27
ALZHEIMER DEMENTIA AND OTHER
TAUOPATHIES

Dementia is defined as progressive memory
decline and diminished cognition in at least one
additional domain: aphasia, apraxia, agnosia, or
executive dysfunction. These impairments impact
social or occupational functioning. There were an
estimated 24 million people in the world with de-
mentia in 2001, with the number expected to dou-
ble in the next 20 years because of the increase in
life expectancy of the population.29

Alzheimer disease (AD) is a neurodegenerative
condition that causes progressive memory decline
and other cognitive deficits. AD is the most
common cause of dementia worldwide, and repre-
sents approximately 50% to 70% of cases. The
neuropathologic hallmark of AD is neuronal loss
with cerebral atrophy, b-amyloid plaques, and
neurofibrillary tangles composed of tau. There are
other neurodegenerative disorders associated
with abnormal buildup of tau, including progressive
supranuclear palsy (PSP) and corticobasal degen-
eration. All of these tauopathies are commonly
associated with sleep disorders. The same pro-
cesses that damage areas of the brain causing de-
mentia also cause dysfunction in control of sleep,
alertness, and the circadian rhythm. Degeneration
of neurons in brain areas, such as nucleus basalis
ofMeynert, pedunculopontine tegmental and later-
odorsal tegmental nuclei, and noradrenergic neu-
rons of the brainstem can lead to reduced REM
sleep in AD. Unlike in PD (and other synucleinopa-
thies), RBD is rarely seen in AD.

Degeneration of neurons of the suprachiasmatic
nucleus and reduction in melatonin levels in pa-
tients with AD has been demonstrated.30 Further
reports suggest that this decrease in melatonin
level and disruption of the circadian rhythm may
appear early in the course of the disease, and
may be potentially responsible for progression of
the disease.31 An interesting association has
been reported between sleep disruption or depri-
vation and b-amyloid levels in normal control
subjects, suggesting sleep disruption as an accel-
erating factor in the progression to AD.32 One hy-
pothesis is that sleep plays an important role in
clearing toxic protein accumulation, such as b-am-
yloid, in the central nervous system.33 Sleep
changes are also prominent in patients with mild
cognitive impairment (MCI), which is a prodromal
phase of AD. Studies have shown that up to 60%
of patients with MCI have sleep complaints.34 Pa-
tients with MCI were found to have more arousals
during slow wave sleep, prolonged REM sleep la-
tency, and increased wake after sleep onset.35

Sleep disturbances in ADmay also be caused by
underlying psychiatric, medical, and primary sleep
disturbances; medication-related effects; and
insufficient light during the day or excessive light
at night before bedtime. Polysomnography studies
in patients with AD demonstrate decreased sleep
efficiency, percentage slow wave sleep, and REM
sleep, and prolonged REM sleep latency.36

Although some of these may be age-related
changes, the findings in AD are more prominent
than in age-matched control subjects. Sleep spin-
dles and K-complexes become poorly formed as
the condition progresses, making distinction be-
tween stage N1 and N2 sleep more difficult in
electroencephalography.37
Insomnia

Evenearly in thecourseof disease, patientswithAD
complain of disrupted sleep, insomnia, and
frequent nighttime awakenings. The insomnia is
multifactorial, likely caused by comorbid medical
conditions and medication side effects, and dam-
age to areas in the brain that control sleep, wakeful-
ness, and the circadian rhythm. A different
hypothesis suggests altered orexin levels in cere-
brospinal fluid resulting in sleep dysregulation.38

Circadian rhythm disorders are seen at higher rates
in patients with dementia, because there have been
studies demonstrating altered levels ofmelatonin in
these patients and damage to the suprachiasmatic
nucleus.30 Patients generally present clinically with
prolonged wakefulness during the night along with
excessive sleepiness during the daytime in the
forms of naps. This disrupted sleep pattern can
causeworseningbehavior, confusion, andagitation
in the evening and nighttime, which has been called
“sundowning.” Environmental factors also play a
role in exacerbating these symptoms, such as
decreased physical exercise and decreased bright
light exposure.39 In patients with dementia in skilled
nursing facilities, nocturnal awakenings are exacer-
bated by roommates, ambient noise, or bed-
checks. In addition, exacerbation of any underlying
medical issue (ie, infection, metabolic abnormality)
can trigger sundowning or worsen sleep. This
insomnia and sleep disruption can affect not only
the patient, but also the caregiver’s sleep and may
lead to a visit to anemergencydepartmentor place-
ment into a facility if the disruption persists.
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Management of insomnia includes educating
the patient and caregivers about good sleep hy-
giene and habits (Box 3). Circadian rhythm disor-
ders in patients with AD are treated with properly
timed bright light therapy and exogenous mela-
tonin to reset the intrinsic clock to their desired
bedtime and wake times. Both nighttime mela-
tonin and morning light exposure for 1 hour
improved daytime alertness and reduced sleep
disruption in patients with AD.40 Evidence dem-
onstrates that melatonin at night in this popula-
tion may improve sleep quality and daytime
functioning.41

Hypnotics in patients with dementia should be
used cautiously. Careful consideration of the ben-
efits versus risks of the pharmacotherapy needs to
be assessed. Possible side effects of hypnotics in
this age group with dementia include risks of falls
and worsened cognition. There are limited studies
of hypnotics in patients with dementia, although in
practice, many of the same hypnotics used in the
general population are used in this specific patient
population. These include zolpidem, eszopiclone,
zaleplon, ramelteon, and triazolam. Trazodone in
low doses is also commonly used and was shown
to improve sleep in one small randomized,
placebo-controlled study.42 Melatonin (prolonged
release) helped improve sleep in patients with
mild to moderate AD in one randomized,
placebo-controlled multicenter study.43

Obstructive Sleep Apnea

It is unclear if there is a higher incidence of sleep-
disordered breathing in patients with AD as
compared with age-matched control subjects,
although there are numerous studies suggesting
a higher risk.44 The incidence of sleep-
disordered breathing in older patients is higher
Box 3
Sleep hygiene recommendations

Keep a regular bedtime and wake time
throughout the week

Engage in relaxing activities (winding down)
before bedtime

Limit liquids before bedtime

Avoid caffeine, tobacco, and alcohol in the eve-
ning time

Avoid long naps (>30 minutes) during the day

Limit exposure to light before bedtime
(including light from electronic devices)

Make sure sleep environment is quiet and
comfortable
than the general population. There is some evi-
dence to suggest that obstructive sleep apnea
may lead to a higher risk or earlier onset of
dementia or MCI.45,46 Diagnosis should be
confirmed with objective testing in the form of
an in-laboratory attended polysomnography or
home sleep apnea test in appropriate patients.
Treatment options remain the same as in the
general population, including positive airway
pressure, weight loss, positional therapy, and
oral appliances. CPAP has been shown to reduce
subjective daytime sleepiness in AD47 and
decrease arousals and increase stage N3
sleep.48 CPAP as treatment in patients with AD
with sleep apnea has demonstrated improved
cognition and slowing of cognitive decline.49,50

Adherence with CPAP therapy, which is already
challenging in the general population, may be
even more challenging in patients with dementia
given their cognitive deficits and possibly wors-
ening confusion at bedtime.
PROGRESSIVE SUPRANUCLEAR PALSY

Patients suffering from PSP also have numerous
sleep complaints. PSP is a neurodegenerative
condition caused by abnormal accumulation of
tau in the central nervous system. Symptoms
include axial rigidity, postural instability, and a
supranuclear gaze palsy. Patients with PSP
commonly suffer from insomnia for similar reasons
as other patients with dementia and neurodegen-
erative conditions mentioned previously (eg, dam-
age to sleep-controlling areas of the brain, muscle
spasms, medication side effects, mood disorder).
Sleep studies in patients with PSP have demon-
strated reduced REM sleep and spindle forma-
tion51 and frequent arousals.52 Patients with PSP
also have more RLS, which may contribute to
insomnia.53 RBD is noted at high rates in PSP,
but not as high as PD or other synucleinopathies.54
SUMMARY

Patients suffering from neurodegenerative condi-
tions frequently report sleep complaints, such as
insomnia and excessive daytime sleepiness. These
symptoms are likely multifactorial, not only caused
by their underlying neurologic disorder, but also by
medications and other comorbidities associated
with the progressive condition. A detailed history,
and possibly sleep logs, actigraphy, or polysom-
nography, may be necessary to properly diagnosis
and manage these patients. Improvement in sleep
may result in improvement in neurologic symptoms
and quality of life in this population. There is
growing evidence that disrupted sleep may lead
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to acceleration in the progression of the neurode-
generative disorder andmay play a role in the path-
ogenesis. RBD may precede the development of
clinical symptoms of synucleinopathies, such as
PD by years or decades. An awareness of the
high prevalence and consequences of sleep distur-
bance in older adults with neurodegenerative dis-
orders is essential in the management of these
important conditions.
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