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Abstract. Parkinson’s disease (PD) is defined by its motor symptoms rigidity, tremor, and akinesia. However, non-motor
symptoms, particularly autonomic disorders and sleep disturbances, occur frequently in PD causing equivalent or even
greater discomfort than motor symptoms effectively decreasing quality of life in patients and caregivers. Most common sleep
disturbances in PD are insomnia, sleep disordered breathing, excessive daytime sleepiness, REM sleep behavior disorder,
and sleep-related movement disorders such as restless legs syndrome. Despite their high prevalence, therapeutic options in
the in- and outpatient setting are limited, partly due to lack of scientific evidence. The importance of sleep disturbances in
neurodegenerative diseases has been further emphasized by recent evidence indicating a bidirectional relationship between
neurodegeneration and sleep. A more profound insight into the underlying pathophysiological mechanisms intertwining sleep
and neurodegeneration might lead to unique and individually tailored disease modifying or even neuroprotective therapeutic
options in the long run. Therefore, current evidence concerning the management of sleep disturbances in PD will be discussed
with the aim of providing a substantiated scaffolding for clinical decisions in long-term PD therapy.

Keywords: Sleep disturbances, sleep, Parkinson’s disease, insomnia. excessive daytime sleepiness, rapid eye movement sleep
behavior disorder, restless legs syndrome, sleep disordered breathing, sleep apnea, non-motor symptoms

INTRODUCTION atric symptoms may precede motor symptoms for
years or even decades affecting nearly all PD patients
over the disease course with deleterious effects on
quality of life and activities of daily living [3-7].
However, NMS are still underreported and under-
estimated in clinical routine, partially due to a lack

Parkinson’s disease (PD) is the second most com-
mon neurodegenerative disorder with a standardized
prevalence of about 500/100000 people in the over-
all population further increasing with age [1, 2].

Although PD is defined by its motor symptoms
bradykinesia, tremor, rigidity, and postural instabil-
ity, non-motor symptoms (NMS) such as autonomic
dysfunction, sleep disturbances, and neuropsychi-
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of knowledge regarding their association with PD
as well as scarce therapeutic options [4]. Sleep dis-
turbances are one of the most common NMS in
PD affecting about 60% to 90% of patients [8—10]
with insomnia, sleep disordered breathing disor-
ders (SDB), excessive daytime sleepiness (EDS),
rapid eye movement (REM) sleep behavior disorder
(RBD), sleep-related movement disorders such as
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Fig. 1. Overview on factors contributing to sleep disruption in
Parkinson’s disease. Factors contributing to the pathophysiology
of sleep disturbances and excessive daytime sleepiness in Parkin-
son’s disease comprise of disintegration of sleep regulatory circuits
and neurotransmitters as well as circadian rhythms by the neurode-
generative disease process. Nighttime sleep is disrupted by motor
symptoms (such as akinesia, tremor), non-motor-symptoms such
as autonomic or neuropsychiatric symptoms and drug side effects.
Furthermore, primary sleep disorders such as restless legs syn-
drome and sleep disordered breathing contribute to nighttime and
daytime impairment.

symptoms

restless legs syndrome (RLS), and disturbances of
circadian rhythm as the most prevalent sleep distur-
bances in PD with high inter individual and nightly
variability [11-14]. Sleep disturbances compromise
nighttime sleep quality as well as daytime activities
and quality of life (QoL) of patients and caregivers
[15-20] and may affect motor [21] as well as cog-
nitive function [22, 23], mood [18, 24], and driving
ability adversely [25, 26]. Although the pathophysiol-
ogy of sleep disturbances in PD is complex involving
multiple factors such as nighttime motor complica-
tions and adverse effects of PD treatment regimens,
disintegration of sleep-regulatory pathways due to
neurodegenerative processes affecting sleep regu-
latory circuits and neurotransmitters seem to play
a key role particularly in the early phases of PD
(Fig. 1) [27, 28]. The influence of neurodegenerative
processes independent of motor complications and
medication effects in PD is further validated by the
occurrence of sleep disorders, especially EDS and
RBD, in the prodromal phase of PD. In agreement
with the current understanding of the pathophysi-
ology and progression of PD, mainly alterations of
sleep regulatory structures within the brainstem con-
sistent with Braak stages 1 and 2 including the raphe
nuclei and the locus coeruleus, seem to be respon-
sible for these sleep disturbances [29]. However,
recent findings in other neurodegenerative diseases,

such as Alzheimer’s disease, suggest a bidirectional
interaction of neurodegeneration and sleep, with con-
secutively aggravated neurodegenerative processes
in patients with disruption of regular sleep pattern
and circadian rhythm [30, 31]. Potential pathophysi-
ological mechanisms, which might be responsible for
these close link between sleep and neurodegenera-
tion, include altered synaptic homeostasis, decreased
slow wave sleep (SWS) and REM sleep as well as
impaired function of the cerebral glymphatic sys-
tem, which may both be caused by and also lead to
enhanced accumulation of neurotoxic proteins such
as amyloid-f3 and a-synuclein [32-34]. The linkage
between sleep dysfunction and neurodegeneration is
further facilitated by epidemiological data, which
show an increased risk to develop neurodegenera-
tive diseases in patients with insomnia [35]. In more
detail, polysomnographic sleep recordings (PSG)
of PD patients even in the early stages repeatedly
demonstrated disrupted sleep micro- and macrostruc-
tures including reduction of total sleep time, sleep
efficiency (proportion of time spent asleep of the
overall amount of time in bed), proportion of SWS
and REM sleep, whereas lighter sleep stages (N1,
N2) and sleep latency were found to be increased
[36-38]. Alterations of sleep structure, particularly
the reduction of SWS, have been associated with
impaired neurotoxin clearance by the glymphatic
system [33, 39], cognitive impairment, and motor
complications such as dyskinesias [40]. Accordingly,
in PD patients with a higher percentage of SWS
activity slower motor progression was documented
[41, 42].

Although sleep disturbances and other NMS have
recently been acknowledged as an integral part of
PD [14, 43, 44], the main focus is often directed at
motor symptoms in clinical routine. However, the
deleterious impact of sleep disruption on nighttime
sleep and daytime performance as well as overall
morbidity and quality of life of PD patients and
their caregivers was emphasized by recent publi-
cations, underlining the importance of correct and
timely diagnosis as well as adequate management of
sleep disturbances further emphasizing the need to
include sleep management in the routine work-up of
PD patients [18, 45]. However, the inter individual
heterogeneity of sleep disorders as well as nightly
variations in severity and presentation of sleep dis-
turbances requires specialized knowledge to enable
individualized diagnosis and treatment planning in
PD patients. In our opinion, it is of critical importance
to unravel pathophysiological mechanisms linking
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sleep and neurodegeneration in PD, which might lead
to the invention of unique and individually tailored
disease modifying or even neuroprotective therapeu-
tic options in the future. This emphasizes the urgent
need for further research on the pathophysiological
mechanisms of sleep disturbances as well as multi-
center trials focusing on treatment options of sleep
disorders in PD. Furthermore, easily applicable, reli-
able, and cost-effective methods to detect and classify
sleep disturbances are needed. This review aims at
providing a comprehensive overview on sleep patho-
physiology and management in PD patients.

METHODS

For this narrative review, we searched the PubMed
database to obtain available literature of a time
period between January 1980 and January 2021 using
the following keywords: “Parkinson’s disease” in
combination with either “sleep”, “sleep disorder”,
“sleep disturbance”, ‘“treatment of sleep distur-

LRI ELENT3

bance”, “excessive daytime sleepiness”, “insomnia”,

LEINNT3

“sleep disordered breathing”, “sleep apnea”, “REM

CLINNTS

sleep behavior disorder”, “restless legs syndrome”,
“periodic limb movements”, “circadian disorders”,
“nocturnal dyskinesia”, “nocturia”, or “autonomic
dysfunction”. The search retrieved more than 5000
results, of which we excluded duplicates, and favored
most recently published manuscripts, randomized
controlled clinical trials (RCT) and meta-analysis.
Single-center trials as well as case reports were
included, if no RCTs were available.

Sleep disorders were defined according to the
current edition of the International Classification of
Sleep Disorders (ICSD-3) [46]. Acute and chronic
forms of sleep disorders were differentiated based on
their frequency and duration. Thus, chronic sleep dis-
turbances were defined as occurring at least 3 times a
week for at least 3 months [46], whereas acute sleep
disturbances occur for shorter durations not fulfilling
the criteria for chronic sleep disorders. Accordingly,
in this narrative review we specifically addressed
the most common chronic sleep disorders in PD
such as insomnia, excessive daytime sleepiness,
SDB, RBD, and sleep related movement disorders
such as RLS and periodic limb movements in sleep
(PLM) as well as circadian rhythm disorders. Fur-
thermore, PD related symptoms and complications
like nocturnal motor symptoms and autonomic dys-
function likely to affect sleep quality were addressed
specifically.

DIAGNOSTIC WORKUP OF SLEEP
DISTURBANCES

Medical history

To detect and classify sleep disorders correctly, a
detailed medical history should be obtained to evalu-
ate actual and past subjective sleep quality and sleep
characteristics including the patients as well as their
caregivers’ opinion. Therefore, time in bed, total
sleep time, sleep latency as well as sleep regular-
ity and rhythm should be estimated by patients and
caregivers. Subjective problems with sleep initia-
tion or sleep maintenance and excessive daytime
sleepiness including presence, frequency, and dura-
tion of planned or involuntary daytime napping as
well as potential causes for sleep disruption such as
nightmares, motor restlessness and involuntary leg
movements, snoring, breathing problems and morn-
ing headaches should be evaluated. Furthermore,
bedpartners should be encouraged to recollect occur-
rence of vocalization, dream enactment behavior,
snoring or breathing abnormalities. Compliance with
basic sleep hygiene rules including potential distur-
bance factors such as sleep environment and intake of
alcoholic and caffeinated beverages should be evalu-
ated. Of note, motor- and non-motor-symptoms and
-fluctuations might cause or aggravate sleep distur-
bances in PD. Therefore, a detailed evaluation of
nighttime motor symptoms including fluctuations as
well as NMS such as anxiety, depression, and pain
is highly recommended. Clinicians should obtain a
detailed history of initial PD symptoms, course of
the disease, treatment regimens and their relation
to sleep quality. However, other conditions such as
cardiovascular, pulmonary, or psychiatric diseases
and their respective treatment might also cause sleep
disruption and therefore need to be evaluated in
regard to sleep quality. Sleep disturbances as well
as their respective treatment may also have neg-
ative effects on sleep quality and quality of life
of spouses/caregivers, which should be taken into
account when treatment choices are made. To opti-
mize the management of sleep disturbances clinicians
should be aware of ‘sleep discrepancy’ to respond
adequately to reported failure of a chosen treat-
ment regimen. Sleep discrepancy is a term used to
describe a discrepancy between objectively measured
sleep parameters (e.g., by PSG) and (subjectively)
perceived sleep quality [47]. Therefore, sleep dis-
turbances should be evaluated integrating objective
measures of sleep in combination with subjective
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sleep quality as reported by patients and bedpart-
ners.

Questionnaires

The use of standardized questionnaires is recom-
mended to screen for and to determine severity of
sleep disturbances. However, questionnaires might
be of limited use in cognitively impaired patients and
clinicians should be aware of potential bias result-
ing from caregivers’ interferences in completing the
questionnaires. In line with the recommendations
of the Movement Disorder Society task force [48],
the 19-item questionnaire Pittsburgh Sleep Qual-
ity Index (PSQI, cut-off-score between normal and
abnormal sleep > 5) exploring sleep quality and sleep
habits within the past four weeks is recommended to
screen for the existence and severity of sleep distur-
bances [49]. Alternatively, two other scales, which
were specifically designed to assess symptoms and
possible causes for sleep disruption in PD, namely
the Scales for Outcomes in PD Sleep (SCOPA-
SLEEP) questionnaire and the Parkinson’s Disease
Sleep Scale (PDSS-2) may be applied [48, 50]. The
PDSS-2 addresses nocturnal problems over the past
week incorporating PD specific symptoms such as
akinesia [50]. The Scales for Outcomes in Parkin-
son’s Disease (SCOPA-SLEEP) assesses sleep in the
last month by self-rating in three subscales address-
ing nighttime condition, quality of sleep, and specific
sleep disturbances [51].

To screen for and to quantify specific sleep symp-
toms a variety of scales is used. For evaluating
presence and severity of EDS, the Epworth Sleepi-
ness Scale (ESS, cut-off >10) is recommended [48,
52, 53]. In contrast to the ESS, which covers a recent
time span, the Stanford Sleepiness scale was estab-
lished to measures a current state of EDS. Due to the
lack of psychometric properties, the Stanford Sleepi-
ness scale is less standardized than the ESS [48, 53].
While the RLS-diagnostic index (RLS-DI) is applied
to support the diagnosis of RLS, the International
Restless legs Symptoms Severity Scale (IRLSS) was
designed to determine the severity of restless-legs-
symptoms in RLS patients [54]. The IRLSS has been
widely used in PD studies, although it has not been
validated in PD populations, yet [53]. To screen for
insomnia in PD, the PSQI is recommended [53].
The Insomnia Severity Index (cut-off >10) is used
to screen and rate insomnia in primary insomnia
patients [55, 56] and has already been utilized in
PD [57], although it has not been validated in this

population, yet. The REM Sleep Behavior Disorder
Screening Questionnaire (RBDSQ, cut-off >5) or the
RBD single-question-questionnaire were designed to
screen for symptoms of RBD, although their lack of
specificity limits their usefulness for diagnostic pur-
poses [58—61]. Morning and evening sleep protocols
as well as sleep diaries might add insights on sleep
habits, confounding disturbance factors as well as cir-
cadian rhythm, but might be of limited use in patients
with cognitive impairment. To address NMS such
as autonomic, neuropsychiatric, and mood related
aspects of PD, which might contribute to sleep distur-
bances, the PD NMS questionnaire is recommended
[62].

Actigraphy

Actigraphy is based on accelerometric measure-
ments of movements allowing estimation of sleep and
wake state by differentiating periods of activity and
resting. Although this approach enables only a rough
estimation of the amount of sleep and wake periods,
actigraphy is favorable in case of suspected circadian
rhythm disorders, irregular sleep rhythm or insuffi-
cient sleep hygiene. Since actigraphy devices imitate
wristwatches, their application is non-invasive, eas-
ily accessible, and well tolerated. Therefore, main
advantage and strength of actigraphy is the possi-
bility to measure sleep for longer periods of up to
weeks or even months without disruption at home.
Efforts to overcome its main limitations, particu-
larly distinguishing sleep and wake more accurately
and even attempting to improve sleep staging, have
already been stepped up using artificial intelligence
approaches [63].

Polygraphy

Cardiorespiratory polygraphic recordings (PG)
are feasible to screen for SDB/sleep apnea. These
portable devices include sensors to record nasal air-
flow, thoracic and abdominal effort sensors to register
breathing effort, a microphone to detect snoring, an
oxygen desaturation sensor (SpO2), and a position
sensor to detect supine related SDB. Optional addi-
tional sensors include electromyography (EMG) to
detect limb movements and electrocardiogram. If
electroencephalographic (EEG) sensors are added,
the devices are applicable in the transition between
at home screening tools and full PSG.
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Polysomnography

Video polysomnography (vPSG) recordings are
the gold standard to score sleep structure and detect
sleep disorders. In accordance with the American
Academy of Sleep Medicine guidelines, vPSG con-
sists of EEG, electrooculography, and EMG of chin
and limbs to enable scoring of sleep stages and
limb movements as well as muscle tone, respiratory
sensors including flow, effort, heart rate, and oxy-
gen saturation to screen for SDB as well as video
recording to screen for abnormal nighttime behaviors
[64]. However, VPSG is performed mainly in sleep
laboratories, often hospital-based and less likely at
patients’ homes and therefore more expensive and
time-consuming than PG or actigraphy. Broad appli-
cation of VPSG is therefore restricted due to limited
capacities and the relative invasiveness of the method.
Thus, further research is already dedicated and should
be intensified to invent easier accessible and applica-
ble sleep recording methods.

GENERAL TREATMENT SUGGESTIONS

Treatment of sleep disturbances in PD is complex
and often needs multifactorial approaches including
non-pharmacological and pharmacological interven-
tions. Multiple factors might be responsible for sleep
disturbances in a certain patient, which need to be
considered and addressed. However, these factors
might be indistinctive in many cases, which might
impede effective treatment. However, treating physi-
cians should be aware of the mechanisms, which
might be involved in sleep disruption in PD to aspire
tailored approaches for the individual patient. Mech-
anisms involved in sleep disturbances in PD include
neurodegeneration of structures involved in sleep
regulation such as the hypothalamus and brainstem,
primary sleep disorders such as SDB, side effects of
dopaminergic or concurrent medication, nocturia, or
impaired sleep hygiene.

In general, all patients and caregivers should be
instructed in regards to sleep hygiene rules favor-
ing regular bedtimes, light exposure, and regular—
preferably outdoor—activities and exercise. Exer-
cise seems to improve motor function as well as
NMS such as cognition, mood, and sleep in PD
patients as well as in the general population [65,
66]. Among others, alterations of cerebral neuro-
transmitters as well as inflammatory, hormonal, and
autonomic circuitries have been proposed to con-
tribute to the positive effects of exercise on sleep [67,

68]. In the general population subjective sleep qual-
ity seems to be improved by a variety of exercise
forms including cardio-training as well as resistance
training [69]. Furthermore, immediate as well as
prolonged effects of sustained training on objective
sleep quality parameters such as SWS and sleep effi-
ciency have been demonstrated [67, 68, 70]. In PD
patients, high-intensity training 3 times per week
for 16 weeks increased sleep efficiency, total sleep
time as well as SWS in 27 PD patients compared
to 28 patients receiving sleep hygiene information
only in a small RCT [71]. Two RCTs demonstrated
improved subjective sleep quality as measured by
the PDSS/PDSS-2 during different exercise regi-
mens including a combination of gigong and walking
four times weekly compared to daily walking alone
as well as a multidisciplinary approach including
cardio-training, relaxation, and stretching with three
one-hour sessions daily in 89 patients [72, 73]. How-
ever, most studies include only a limited number of
patients and trials addressing the effects of exercise on
specific sleep disorders in PD are missing [74]. Fur-
thermore, pathophysiological mechanisms leading to
these improvements have not been fully understood
and recommendations for optimal training schedules
are lacking. Thus, further research on the effects of
exercise as well as lifestyle modifications on sleep
disturbances in PD are needed.

SPECIFIC SLEEP DISORDERS:
DIAGNOSTICS AND TREATMENT

Insomnia

Clinical presentation and pathophysiology
Insomnia is defined as subjective perception of
non-restorative sleep with impaired daytime per-
formance caused by difficulties to initiate and/or
maintain sleep and/or early morning awakenings
[46]. To fulfill the criteria for chronic insomnia symp-
toms have to occur at least three times per week
for at least three months [46]. Current pathophys-
iological concepts of primary insomnia unrelated
to PD include circadian rhythm disruption, par-
tially attributed to clock gene malfunction, as well
as neurotransmitter imbalances of the orexiner-
gic, serotoninergic, and gamma-aminobutyric-acid
(GABA) system as part of the sleep-wake-cycle.
Furthermore, hyperarousal mechanisms including
disturbances of cortisol secretion and persistence
of fast EEG-frequencies assumingly leading to
higher levels of awareness during sleep have been
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identified as mechanisms contributing to insomnia
[75].

In PD, the frequency of insomnia varies widely
from 37% up to 80%, depending on evaluation tools
and definitions used, rendering insomnia one of the
most common sleep disorders in PD [9, 43, 76,
77]. In contrast to patients with primary insom-
nia, in PD, sleep maintenance insomnia with sleep
fragmentation is more common than sleep initiation
problems [78]. Of note, subjective sleep quality and
objective vPSG derived sleep measures often deviate
from each other, a phenomenon called ‘sleep dis-
crepancy’, which was already described in patients
with primary insomnia (see section on ‘Medical his-
tory’ above) and might be caused or influenced by
hyperarousal mechanisms [47]. Compared to the gen-
eral population, neurodegenerative processes within
sleep-wake regulatory centers such as the brainstem
leading to pathophysiological and biochemical alter-
ations are likely to contribute to insomnia in PD.
As already mentioned, PD-related motor compli-
cations, particularly nighttime akinesia, dyskinesia,
or motor fluctuations lead to insomnia symptoms
such as sleep fragmentation [79, 80] with increas-
ing symptoms in more advanced disease stages [81].
In accordance to findings in the general popula-
tion, insomnia in PD is associated with female sex
and age [81, 82]. Furthermore, insomnia in PD
is associated with neuropsychiatric symptoms such
as anxiety and autonomic symptoms like nocturia
and blood pressure abnormalities [18, 80]. Further-
more, treatment with dopaminergics or amantadine
in PD might lead to double-edged effects on sleep
with primarily beneficial effects on sleep quality
by improving nighttime motor symptoms such as
akinesia but also adverse effects on sleep quality
particularly when higher doses are necessary, which
are able to induce or aggravate insomnia symptoms
[83].

Diagnostic workup

It is of the utmost importance to rule out treat-
able causes for insomnia symptoms, since a great
variety of conditions including primary sleep disor-
ders, concomitant conditions, and medications might
disrupt or affect nighttime sleep adversely. For opti-
mal treatment decisions, sound investigation of sleep
and daytime symptoms as well as possible influenc-
ing factors and causes including nighttime motor as
well as NMS, concomitant medication, and care-
givers’/spouses’ opinion is strongly recommended
[84, 85] as already mentioned. Treatment of PD

related complications, which might influence sleep
adversely, should be implemented, while executing
further diagnostic and therapeutic steps to evalu-
ate insomnia symptoms [43, 86] (also see section
on ‘Medical history’ above). To score and moni-
tor insomnia severity, the Insomnia Severity Index
is recommended [55]. Chronic cases of insom-
nia unresponsive to treatment should be thoroughly
investigated using questionnaires and further objec-
tive testing, if deemed necessary. Thus, if indicated
by sleep history or questionnaires such as the PDSS-
2 or PSQI treatable causes for insomnia symptoms
such as primary sleep disorder including SDB need
to be excluded by vPSG or PG (see sections on ‘Med-
ical history’ and ‘Questionnaires’ above; Fig. 2).
To gain objective information on sleep timing and
a rough estimation of total sleep time and sleep
efficiency, actigraphy can be used in combination
with sleep diaries in cases of suspected circadian
rhythm dysfunction or dysfunctional sleep hygiene
[87]. Furthermore, the assessment of dim light mela-
tonin excretion onset might be considered in specific
sleep centers [88].

Therapeutic options

Optimization of PD related treatment regimens
including effective treatment of potentially trouble-
some PD related complications such as motor
fluctuations should be considered first. Especially
in case of nighttime akinesia or tremor application
of extended-release formulations of dopamine ago-
nists (DA) such as rotigotine and ropinirole might
improve subjective and objective sleep quality as well
as motor symptoms [88-91]. In contrast, controlled-
release levodopa/carbidopa has not been shown to
improve objectively measured sleep quality in a small
single-center, randomized, placebo-controlled trial in
16 PD patients [92]. However, treatment with DA
itself might also be responsible for sleep disturbances
as already mentioned, particularly in higher doses and
depending on the preferentially affected DA receptor
type [91, 93, 94]. In a small, randomized, single-
center trial, rasagiline treatment over 8 weeks led
to improved sleep efficiency and sleep architecture
not attributable to an improvement in motor symp-
toms, indicating other mechanisms such as alterations
in neurotransmitter availability to be responsible for
this improvement, which needs further research and
confirmation [37].

Despite some small case series demonstrating
improved subjective sleep quality patients after
deep brain stimulation (DBS) partially attributed to
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Fig. 2. Diagnostic and therapeutic algorithm for sleep disturbances in Parkinson’s disease. Flowchart suggesting a comprehensive approach
towards pragmatic diagnostic and therapeutic options for sleep disturbances in Parkinson’s disease. CBT-I, Cognitive behavioral therapy
for insomnia; NMS, non-motor symptoms; PD, Parkinson’s disease; PLMD, Periodic limb movement disorder; RBD, REM sleep behavior
disorder; RLS, restless legs syndrome; SDB, sleep disordered breathing; vPSG, video polysomnography.

improvement in motor symptoms, other studies failed
to demonstrate effects on objective PSG-assessed
sleep quality in PD [95, 96]. The effects of DBS on
basal ganglia and motor pathways are complex and
have only been partially understood. Thus, it is nearly
impossible to fully estimate the impact of DBS on
other regulatory networks, such as the sleep-wake-
system, yet.

Apart from a number of case series and small
randomized trials, the evidence for medical treat-
ment of insomnia in PD is scarce [97]. Subsequently,
treatment strategies are partially based on expe-
riences in primary insomnia patients. Therefore,
non-pharmacological approaches including instruc-
tions on sleep hygiene rules and restriction of bed
times as well as exertion of relaxation techniques
and music therapy seem to be favorable with little
side effects [86, 98]. In addition, implementation of
cognitive behavioral therapy (CBT-I) was found to
be effective in primary insomnia [99]. Likewise, a
couple of small interventional studies were able to
demonstrate positive effects of CBT-I, sometimes
combined with bright light therapy, on subjective
sleep quality in PD patients [100, 101] as well as
on sleep discrepancy [47]. Furthermore, application
of bright light therapy with 1000-7500 lux for 30-90
minutes alone was able to improve insomnia in PD
(Table 1) [102, 103].

Nonetheless, many PD patients require pharma-
cological strategies to improve insomnia symptoms.
However, none of the drugs used to treat insomnia are
FDA-approved for insomnia in PD. Therefore, treat-
ment strategies for PD-related insomnia are mainly
based on scientific evidence deduced from studies
on primary insomnia. Treatment options for acute
insomnia include z-substances, acting as GABA-
agonists, which are favored for short-term use of up to
4 weeks. As one of these z-substances, eszopiclone
was shown to be effective in a small, randomized,
single-center trial in PD improving objective and
subjective sleep quality over the 6-week treatment
period [104]. However, relevant negative side effects
such as confusion, dizziness, hypersomnia, and falls
might occur with the use of z-substances. Further-
more, long-term use of z-substances or hypnotics
is not recommended in insomnia in general due to
its habituation effects and subsequent worsening of
insomnia symptoms over time.

In cases of coexisting depression, application of
antidepressants might be considered (Table 1). While
small case series showed positive effects of some of
the antidepressants (e.g., trazodone, doxepine, ven-
lafaxine, and nortriptyline) on insomnia in PD, other
substances such as duloxetine were ineffective in
improving insomnia symptoms [105]. Despite the
fact that melatonin showed small effects on subjec-
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Table 1
Overview on treatment options in Parkinson’s disease

Insomnia Consideration of optimization of dopaminergic treatment

Treatment of primary sleep disorders
Behavioral approaches (e.g., sleep hygiene, exercise)
CBT-1/ bright light therapy™
Z-substances (temporarily)
Antidepressants*®
Melatonin*
Consideration of optimization of dopaminergic treatment
Treatment of primary sleep disorders (e.g., SDB)
Behavioral approaches (e.g., planned napping)
Caffeine*
Modafinil** / Atomoxetin**
PAP-treatment
Mandibular advancement therapy™
Positional training*
Stimulation of hypoglossal nerve**
Behavioral/physical approaches (e.g., cooling substances)
Evaluate treatable causes such as iron deficiency
Evaluate interfering medication such as antidepressants
Optimization of preexisting dopaminergic treatment
e Levodopa
e Dopamine agonists (ropinirole, pramipexole, rotigotine)
a268-ligands™
Opioids
Evaluate treatable causes such as sleep disordered breathing
Consider optimization of preexisting dopaminergic treatment
e Levodopa
e Dopamine agonists (ropinirole, pramipexole, rotigotine)
Clonazepam*
Melatonin*

Excessive Daytime sleepiness

Sleep disordered breathing

Restless-legs syndrome

Periodic limb movements in sleep

REM Sleep Behavior Disorder

Sodium oxybate™*

Circadian rhythm disorder

Behavioral approaches (e.g., exercise / sleep schedule)

Bright light therapy™*
Melatonin*

Primary/approved treatment options are not labelled. *labels therapeutic options without approval by FDA or other
authorities for the specific sleep disorder (even if not specifically for PD), but in the authors opinion reliable scientific
evidence for effectiveness and safety. **labels therapeutic options with questionable evidence or risk/safety profile.
CBT-1, Cognitive behavioral therapy for insomnia; SDB, sleep disordered breathing.

tive rather than objective sleep quality in PD patients
[106], the evidence is not sufficient enough to jus-
tify a general recommendation [107, 108]. In contrast
to quetiapine and clozapine, which were found to
be ineffective, the novel neuroleptic agent pima-
vanserine demonstrated positive effects on insomnia
symptoms in PD [105]. Other potential treatment
options, such as orexin antagonists, have not yet been
investigated in neurodegenerative diseases [109].
This lack of evidence is further complicated by case
reports noting specific side effects of these new drugs
such as the occurrence of troublesome RBD symp-
toms [110].

To sum up current treatment options for insom-
nia in PD: Evidence for treatment of insomnia in
PD patients is scare. Therefore, multicenter tri-
als to evaluate the effects of antidepressants and
new treatment options such as orexin antagonists

on sleep disturbances, specifically insomnia, in PD
are needed to overcome treatment shortcomings.
However, sleep hygiene should be optimized, and
CBT-I and bright light therapy should be consid-
ered. Secondary causes for insomnia such as primary
sleep disorders including SDB need to be diag-
nosed and treated. Motor complications such as
nighttime akinesia need to be considered, e.g., by
favoring extended-release formulations of PD medi-
cations. Pharmacological treatment options include
antidepressants such as doxepine, trazodone, and
venlafaxine, although their on-label use is restricted
to cases of comorbid depression. Z-substances might
be considered for short-term use. Furthermore, mela-
tonin might be considered, preferentially in cases of
insomnia related to circadian rhythm dysfunction,
whereas promising results regarding pimavanserine
and newer substances such as orexin antagonists
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need further evidence to confirm their value in PD
patients.

Excessive daytime sleepiness

Clinical presentation and pathophysiology

EDS is defined as an increased propensity to fall
asleep, particularly in monotonous situations despite
a sufficient amount of total sleep time [46]. EDS
may occur with or without sudden irresistible “sleep
attacks” without warning signs, which were first
described in the 1990s in conjunction with treatment
initiation with dopamine agonists in PD [111]. The
estimated prevalence of EDS in PD varies widely
between 20 and 60%. This discrepancies in preva-
lence are partly explained by the usage of different
definitions as well as screening instruments [112,
113]. Although EDS may occur prior to PD motor
symptoms [114], the role of EDS as a prodromal
sign or risk factor for neurodegeneration still needs to
be clarified. While some case-control studies failed
to detect an elevated frequency of EDS in drug
naive PD patients compared to controls [115], oth-
ers showed a correlation of EDS with an increased
risk to develop PD [116]. However, EDS in PD is
associated with male sex and more advanced disease
stages, faster motor progression and cognitive, auto-
nomic and neuropsychiatric complications [117, 118]
as well as aggravated dopaminergic deficits in the
caudate nucleus depicted by FP-CIT SPECT [119].

Currently, EDS in PD is attributed to alterations
in cerebral regions responsible for sleep-wake-
regulation such as the hypothalamus and brainstem
areas due to the neurodegenerative process. Thus,
involving alterations of neuropeptide and neuro-
transmitter balances and interactions, particularly of
the gabaergic, orexinergic, and serotonergic system
[119-121]. However, the contribution of each soli-
tary transmitter system to EDS has not been fully
elucidated yet. While some studies demonstrated a
decrease of hypothalamic orexin neurons, orexin lev-
els in cerebrospinal fluid showed inconsistent results
[121, 122]. Concurrently, sleep dysfunction in PD
was found to be associated with reduced serotoner-
gic signaling in the midbrain raphe, basal ganglia,
and hypothalamus on serotonin transporter positron-
emission tomography [120].

Several risk factors and treatable conditions should
be excluded (Fig. 2), before EDS is considered
“idiopathic” or only related to PD and its neurode-
generative processes itself [43]. The most common
cause for EDS is a disruption of nighttime conti-

nuity resulting in non-restorative sleep, e.g., caused
by primary sleep disorders. SDB is one of the most
prevalent causes for EDS in the general population
and also in PD. Furthermore, special emphasis should
be placed on evaluating PD related nighttime motor
complications such as akinesia as well as PD related
non-motor complications such as depression and anx-
iety (Fig. 1). Furthermore, treatment regimens for
PD, particularly the use of dopamine agonists and
levodopa, are associated with EDS [118, 123]. While
dopamine agonists such as rotigotine, pramipexi-
ole, and ropinirole might be able to improve EDS
by means of ameliorated nighttime motor function
and improved sleep quality and duration, they were
also associated with the onset or aggravation of EDS
[124, 125]. About 18-25% of PD patients per patient-
year reported of novel daytime sleepiness after the
initiation of dopaminergic therapy in a prospective,
open-label study [126]. Furthermore, withdrawal of
dopaminergic medication resulted in mitigation or
disappearance of EDS in some patients [127, 128].
However, in other studies no effect of DA initiation
on EDS could be demonstrated [129]. These discrep-
ancies might be partially explained by differences in
dosage, timing, and kinetics of substances as well
as preferentially affected dopamine receptor type as
particularly substances affecting D3 receptors were
accused of causing EDS and sleep attacks. In contrast,
stimulation of the D1 receptor type seems to decrease
sleep efficiency and increase arousals, whereas D2
receptors might be affected differentially depending
on DA dosage [130].

Diagnostic workup

The diagnostic workup of EDS should include a
detailed medical history including PD related treat-
ment and other medication such as hypnotics as
well as exploration of nighttime motor- and NMS
including patients’ and caregiver’s opinion. Further
investigations similar to the exploration of insom-
nia symptoms should be executed, depending on
sleep quality and symptoms (Fig. 2). Therefore,
subsequent questionnaires for suspected sleep dis-
orders including PDSS-2, SCOPA-Sleep, RBDSQ,
and/or PSQI might be considered, as already men-
tioned above. Primary sleep disorders, particularly
SDB, RBD, and RLS need to be ruled out prefer-
ably using PG or vPSG as deemed suitable (Fig. 2).
However, quantification of EDS severity is not stan-
dardized yet. Thus, different methods have been
recommended to assess EDS including question-
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naires such as the ESS. For objective EDS assessment
the PSG based multiple sleep latency test or the
maintenance of wakefulness test might be consid-
ered [131]. However, usefulness of the multiple
sleep latency test/maintenance of wakefulness test
for clinical routine is limited due to the low grade
of standardization of test execution resulting in
low reproducibility for clinical routine. Furthermore,
their application is restricted to sleep laboratories
resulting in high costs and limited accessibility.
However, objective quantification of EDS is not
essential for treatment decisions in most cases,
apart from clinical trials or assessment of driving
ability, which might require further neuropsycholog-
ical testing including vigilance tests in some cases
[132].

Therapeutic options

Treatment of EDS should include treatment of
nighttime motor- or non-motor complications, if
present, e.g., by introducing extended release for-
mulations of DA in case of nighttime akinesia. As
elevated doses or inadequate timing of DA might
also be responsible for EDS, adjustment of timing
and DA dose should be considered. Furthermore,
concomitant conditions and medication need to be
evaluated and adjusted, if necessary. If EDS per-
sists after adjustment of PD treatment, vPSG should
be performed to search for primary sleep disorders,
which should then be treated adequately (Fig. 2). In
case of persistent EDS even with adequate treatment,
non-pharmacological strategies should be consid-
ered before pharmacological approaches (Table 1),
since pharmacological treatment options for EDS in
PD are limited. Patients should be advised to fol-
low sleep hygiene recommendations including the
implementation of regular bedtime and sleep sched-
ules. If necessary, structured napping periods might
be helpful to overcome impaired daytime activity.
Furthermore, it might be helpful to increase the
level of activity in general, including exercising and
exposition to natural light by outdoor activities. Con-
secutively, application of bright light therapy might
also be favorable to entrain the circadian rhythm and
improve nighttime sleep, mood, and EDS, probably
via promoting dopamine secretion and regulation of
melatonin secretion [43, 100].

The evidence for wake-promoting agents is gen-
erally low. While treatment with caffeine with doses
of up to 200 mg twice per day was shown to improve
EDS by 1.7 points in the ESS over 6 months, the

amount of improvement is hardly clinically relevant
[133, 134]. Istradefylline, acting as an adenosine-
2A-receptor-antagonist, was recently approved by the
Food and Drug Administration (FDA) as add-on ther-
apy for dyskinesia in PD and was shown to reduce
daytime sleepiness in PD as a secondary outcome
parameter in a 3-month open-label study, but further
evidence is needed before a general recommenda-
tion could be considered [135]. Methylphenidate, a
derivate of amphetamine, established for the treat-
ment of EDS in narcolepsy, was shown to improve
EDS in a small open-label trial [136]. However,
further evidence is lacking. Modafinil, a wake-
promoting agent, approved for the treatment of EDS
in narcolepsy, was assessed in three randomized-
controlled trials in PD showing ambiguous results
[137-139]. However, a meta-analysis demonstrated
a reduction of subjective EDS symptoms as shown
by a decrease of 2.24 points on the ESS score after
initiation of modafinil treatment in PD [140], while
no improvement of objective readouts for EDS was
shown [141]. However, modafinil might lead to wors-
ening of other sleep disturbances, particularly of
insomnia symptoms [142]. Therefore, application of
modafinil in PD patients cannot be recommended in
general. Atomoxetine, a selective noradrenaline reup-
take inhibitor, commonly used for the treatment of
attention deficit hyperactivity disorder, demonstrated
improved EDS and cognitive performance in a small,
placebo-controlled, randomized, double-blind trial in
PD [143]. However, further confirmatory evidence
is needed. Sodium oxybate, also known as gamma
hydroxyl butyric acid (GHB), improved subjective
sleep quality and EDS as assessed by questionnaires
in a small open-label trial with 38 PD patients demon-
strated by a remarkable drop in the ESS score of 6.6
points [144]. However, the quality of the study was
limited by the open-label trial design and also needs
further confirmation. Furthermore, a small double-
blind, placebo-controlled crossover trial including 12
PD patients, subjective and objective measures of
EDS were improved using GHB [145]. A broad use
of sodium oxybate is complicated by its laborious
preparation and its side effects, particularly the risk
of acute intoxication and evocation or worsening of
SDB with potentially life-threatening consequences
[145-147]. However, if sodium oxybate is cautiously
applied in due consideration of security measures,
its use is safe and effective as shown in narcolepsy
patients.

To sum up, none of the above-mentioned drugs
can be recommended as a standard treatment option
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of EDS in PD. Therefore, it is of utmost importance
to identify treatable causes for EDS such as SDB.
Furthermore, treatable causes for nighttime sleep
disruption resulting from PD related motor and non-
motor complications should be identified and treated
accordingly. If necessary, sleep hygiene should be
optimized including implementing strict sleep bed-
time regimens, adding daytime napping, bright light
therapy and exercise into daily routine.

Sleep disordered breathing

Clinical symptoms and pathophysiology

SDB, also known as sleep apnea, is the most com-
mon primary sleep disorder affecting up to 5 to 10%
of the general population and up to 50% of males and
40% of females in the older population [148]. Up to
60 % of PD seem to suffer from SDB, rendering it
also one of the most common sleep disorders in PD
[149-151]. However, the exact prevalence of SDB in
PD is uncertain, ranging widely in different studies
[152, 153], but SDB prevalence seems not to be ele-
vated in PD compared to the general population [152,
153].

SDB is defined by the occurrence of repetitive
reduction of breathing flow during sleep and concur-
rent, though temporary, desaturation with subsequent
reoxygenation [64], thus leading to sleep fragmenta-
tion and non-restorative sleep [154—156]. Based on
the amount of flow reduction, breathing abnormalities
are classified as apneas (90% reduction) or hypopneas
(30% with associated desaturation or arousals). With
regards to their most common apnea type, obstructive
sleep apnea (OSA) and the less prevalent central sleep
apnea (CSA) are differentiated. OSA is characterized
by recurrent upper airway obstruction due to upper
airway instability, often caused by obesity, anatom-
ical abnormalities, or ineffective pharyngeal dilator
muscle function during sleep [157]. Further factors
contributing to SDB are the degree of airway collapsi-
bility, loop gain (drive response to reduced airflow),
arousal threshold and magnitude of compensatory
mechanisms such as increase in airflow and venti-
lation response to arousal [158]. In addition, social
inequalities seem to increase the risk for SDB in the
general population [159]. In contrast, CSA originates
from a disruption of the balance between periph-
eral and central CO2-receptor sensitivity resulting in
apnea threshold disturbances frequently occurring in
patients with heart or kidney failure as well as lung
edema [160, 161].

Sleep apnea severity is classified based on the
amount of apneas/hypopneas per hour sleep (AHI
index) with >5/h <15/h as mild, >15/h <30/h as
moderate and >30/h as severe [46]. Whereas the body
mass index is an important risk factor for OSA in the
general population, it does not seem to play an impor-
tant role in OSA related to PD [22]. In contrast, other
factors such as insufficient pharyngeal dilatator mus-
cle stability as well as impaired respiratory muscle
strength, such as the maximal inspiratory pressure
(PImax) and maximal expiratory pressure (PEmax)
was shown to be impaired in PD, presumably con-
tributing to OSA in PD [162].

Sleep fragmentation, repetitive arousals, and oxy-
gen desaturation as a consequence of SDB seem to
increase the risk for cardiovascular events by sev-
eral mechanisms including non-dipping of nighttime
blood pressure and generation of reactive oxy-
gen species causing enhanced oxidative stress and
endothelial dysfunction as well as impaired mito-
chondrial function, thus, resulting in atherosclerosis,
increased risk of atrial fibrillation, end-organ damage,
and cardiovascular events such as stroke [154, 163].
Mainly, oxygen desaturation seems to be responsi-
ble for cardiovascular health related issues [164] and
may contribute to neurodegeneration in PD. How-
ever, controversies regarding the impact of SBD on
cardiovascular events and the extent of preventive
effects of treating SDB in the general population are
ongoing [165].

Most patients with SDB, whether with or without
PD, report sleep fragmentation, difficulties with sleep
maintenance rather than sleep initiation and exces-
sive daytime sleepiness resulting in daytime naps in
monotonous (such as watching TV) or even active
situations such as within conversations or during
meals. SDB is associated with cognitive impairment,
metabolic disturbances, and weight gain as well as
neuropsychiatric symptoms in the general popula-
tion [166, 167]. In PD patients, SDB was associated
with impaired cognitive performance, particularly
impaired vigilance/attention, executive function, and
working memory [22, 168]. Associations of SDB
with motor symptoms or NMS in PD are still dis-
cussed controversially. While some studies did not
detect differences in motor function in PD patients
with and without SDB in a smaller pilot study [152],
others found an association of SDB with worse motor
function [169]. Apart from these associations with
PD-related symptoms, SDB affects quality of life of
patients and caregivers to a relevant extent. In fact,
SDB leads to relevant impairment of nighttime sleep
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quality and daytime activities partially by causing
EDS.

Diagnostic workup

SDB might be suspected, if patients complain
about sleep fragmentation, problems with sleep ini-
tiation or sleep maintenance, snoring or apneas
reported by bed partners. However, EDS is one of
the most common complaints in SDB in general as
well as in PD. Of note, in contrast to the diagnos-
tic work-up strategy in the general population, EDS
in PD patients is often simply attributed to possible
adverse side effects of PD drug regimen. Thus, diag-
nostic work-up strategies to rule out SDB are often not
deemed necessary, resulting in occurrence of unde-
tected and untreated sleep apnea in several of these
patients [170, 171]. Due to the deleterious effects
of sleep disturbances and EDS on quality of life of
patients and caregivers as well as the negative conse-
quences of SDB including cardiovascular events and
worsening of motor and cognitive performance, diag-
nostic workup and therapy implementation in case
of suspected SDB in PD is strongly recommended.
Therefore, in case of suspected SDB vPSG or at least
an at-home cardiorespiratory PG should be conducted
(Fig. 2).

Therapeutic options

The gold standard for SDB is positive airway pres-
sure treatment (PAP), mostly as continuous positive
airway pressure treatment (CPAP), implemented in
specialized sleep centers. However, in specific condi-
tions, such as a combination of central and obstructive
apneas, other methods of ventilation such as biphasic
positive airway pressure treatment (BiPAP) might be
considered by sleep specialists. The efficacy of PAP
treatment has been demonstrated in the elderly, in PD
and even in Alzheimer’s disease patients [172]. How-
ever, the contribution of PAP treatment of SDB to the
prevention of cardiovascular diseases in the general
population has been controversially disputed lately
[165]. Nonetheless, considering the positive effects
of improved sleep quality on patients and caregivers,
effective treatment of SDB should be aspired. Unfor-
tunately, PAP-treatment is not always well tolerated,
particularly in those patients too incapacitated to han-
dle the mask and device on their own. Long-term
drop-out rates and adherence rates of PAP therapy
in PD have not been comprehensively evaluated yet.
However, an epidemiological study suggested lower
OSA care rates and adherence in neurological condi-
tions such as PD compared to the general population

[173]. In a prospective trial, only 50% of PD patients
with SDB agreed to start PAP treatment, of which
75% dropped out due to lack of CPAP tolerance [174].
One of the unresolved issues contributing to this gap
in SDB care is the lack of sleep centers with spe-
cial knowledge regarding the management of patients
with disabling and care-dependent neurological con-
ditions such as PD.

For OSA, other treatment options include posi-
tional training to avoid the supine position. Mandi-
bular advancement devices have emerged as another
potential treatment option for OSA, particularly in
case of light to moderate sleep apnea. However,
effectiveness [175-178] as well as OSA severity
best suited for this treatment option still need to be
confirmed for PD [178, 179] and further evidence
of long-term outcome and adherence rates in PD
patients are needed on this matter. This is also true
for surgical approaches including hypoglossal nerve
stimulation. In CSA, treatment of underlying causal
conditions such as opioid treatment, heart, lung, or
kidney diseases is recommended as first line therapy,
while PAP treatment should be considered in moder-
ate to severe CSA only [180]. However, CSA is a lot
less common in PD patients than OSA.

In conclusion, identification of SDB in PD is of
great importance due to its deleterious effects on
general health, cognition, and alertness and therefore
quality of life. Furthermore, missing the diagnosis of
SDB might lead to avoidable changes of medication
with consecutive side effects or negative impact on
PD symptoms. However, considering treatment gaps
of SDB in neurological conditions, particularly neu-
rodegenerative diseases, it is necessitated to intensify
efforts in gathering knowledge and developing con-
cepts to treat SDB more effectively in patients with
neurological disorders.

Rapid eye movement sleep behavior disorder

Clinical presentation and pathophysiology

RBD is characterized by dream enactment or
complex-motor behavior often associated with vocal-
izations in the content of nightmares [181] and
is proven by impaired muscle atonia (REM sleep
without atonia, RSWA) and excessive movements
demonstrated by vPSG. Movements show a high
night-to-night variability ranging from small jerks
to wide movements including kicking, boxing, and
bed falls [182], endangering patients and bed-partners
[183]. While patients sometimes complain about
non-restorative sleep, EDS, and nightmares, many
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patients are unaware of their abnormal behaviors
during sleep [184]. However, some patients might
experience startling awakenings by sudden move-
ments such as kicking or boxing associated with
fitting dream content. Furthermore, caregivers’ bur-
den is high with impact on quality of life and
marital relationships [185]. The underlying patho-
physiological mechanisms leading to RBD include
neurodegenerative processes within the brainstem,
the accumulation of potentially neurotoxic proteins
such as a-synuclein as well as transmitter imbalances
due to the neurodegenerative processes [186]. The
key structures involved in REM sleep muscle atonia
include the locus coeruleus/subcoeruleus complex in
the mesopontine tegmentum, pontine glutamatergic
neurons, and inhibitory neurons of the ventromedial
medulla [187, 188]. Direct and indirect projections
from these areas inhibit motoneurons of the spinal
cord using glutamatergic, GABAergic, and glycin-
ergic inputs [186]. However, REM sleep control is
complex and further nuclei such as the dorsal raphe
as well other transmitters such as serotonin seem to
be involved in REM regulation.

RBD associated with use of antidepressants or
narcolepsy type 1 is considered secondary, while
patients with “idiopathic” RBD, recently named
“clinically-isolated” RBD [189], are at impending
risk of phenoconversion most frequently to one of
the a-synucleinopathies such as PD, multiple sys-
tem atrophy, or dementia with Lewy bodies (DLB)
[183, 190-192]. RBD may precede the onset of motor
symptoms or cognitive decline by years or decades.
Conversion rates of RBD patients developing PD,
multiple system atrophy, or DLB are high adding
up to 92 to 100% [193]. Thus, in recent years RBD
was recognized as part of the prodromal stage of
a-synucleinopathies, particularly PD [183], and was
included into the diagnostic criteria of the Movement
Disorder Society for prodromal PD [194, 195].

The estimated prevalence of RBD in the general
population lies between 0.5 and 2%, while adding
up to 40 to 60% in PD [27]. In PD patients, pres-
ence of RBD is associated with age, higher LED
doses, faster and more severe motor progression,
falls, fluctuations, cognitive declinem and neuropsy-
chiatric complications as well as impaired quality
of life [182, 196-199]. However, in one study, the
predictive value of RBD regarding motor progres-
sion was restricted to patients with low a-synuclein
cerebrospinal fluid levels and low dopamine reup-
take in the striatum as measured by [(12HIEP-CIT
[200]. The intensity of RBD symptoms seems to

increase with progressing neurodegeneration over
the disease course, indicated by increasing inten-
sity of RSWA over time in iRBD patients [201].
This is in line with the description of gradually
increasing intensity of RBD symptoms over time
from isolated REM sleep behavioral events without
RSWA towards the full clinical picture and vPSG fea-
tures consisting of RBD symptoms with RSWA in
approximately 40% of de novo PD patients over a
time period of 2 years [202]. Therefore, REM sleep
behavioral event detection might enable diagnosis of
emergent alpha-synucleinopathy at an even earlier
disease stage.

Diagnostic workup

The diagnosis of definite RBD requires a history
of dream enactment or complex motor behaviors and
should be confirmed by vPSG [46]. While RSWA
is defined by abolished or diminished atonia within
REM sleep measured by EMG during polysomnog-
raphy, video recordings are necessary to identify
movements in REM confirming the diagnosis of RBD
[203]. Furthermore, video monitoring is essential
to rule out other differential diagnosis and mimics
of RBD such as NREM-parasomnias or epileptic
seizures. However, other conditions like severe SDB
or current use of antidepressants, which also lead to
RSWA, must be ruled out by the sleep medicine spe-
cialist and if necessary, vPSG needs to be reevaluated
after antidepressant discontinuation or treatment of
severe SDB [204].

While normative values for RSWA still vary
between different sleep centers, many researchers
have complied with the SINBAR EMG montage and
associated scoring criteria [203, 205]. The SINBAR
montage includes simultaneous EMG recording of
the M. mentalis, Mm. flexor dig. Superficialis, and
Mm. extensor brevis muscles leading to a 94.4%
sensitivity of motor and vocal events with a speci-
ficity of 47.2% [203, 206]. In clinical routine, these
scoring methods are limited by its laborious and
time-consuming exertion, while automatic scoring
algorithms have not been widely implemented yet
[207]. Several questionnaires such as the RBDSQ
have been developed for screening and diagnostic
purposes of RBD (see ‘Diagnostic Workup of Sleep
Disturbances’ above). However, despite their rela-
tively high sensitivities of up to 90%, usefulness of
these questionnaires is limited by their relatively low
specificities ranging from 56 to 92% [58, 59, 61, 208,
209]. Hereby, the main challenge remains to distin-
guish RBD from other primary sleep disorders such
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as NREM-parasomnias or PLMS (Fig. 2), thus fur-
ther cementing vPSG as the gold standard for RBD
diagnosis. Actigraphy algorithms are not yet devel-
oped sufficiently to solely base RBD diagnosis on but
might represent a future diagnostic tool [210].

Therapeutic options

Establishing a safe sleep environment to prevent
sleep-related injuries of patients or bed-partners is
crucial for effective treatment of RBD [211]. Fur-
thermore, the decision for medical treatment should
not only consider RBD symptoms, but also include
aspects of quality of life of patients and caregivers,
which are often compromised by recurrent nighttime
disruption and EDS due to vocalizations and complex
motor behaviors [185]. Melatonin and clonazepam
have been widely used to treat RBD symptoms,
although multicenter randomized controlled trials
for RBD and RBD in PD are lacking (Table 1).
Furthermore, outcome in trials has not been standard-
ized with some studies using subjective control of
RBD symptoms as outcome parameter, while others
defined objective outcome variables based on vPSG
[212].

Despite current knowledge on the principal mode
of action of benzodiazepines as GABA-A-receptor
agonists, detailed knowledge on the pathophysiolog-
ical mechanisms leading to improvement of RBD
symptoms are lacking. Case series and open-label
studies confirmed effective reduction of clinical
events in many but not all iRBD patients treated
with clonazepam [191]. However, the only ran-
domized, placebo-controlled trial failed to show
significant effects of 0.5 mg clonazepam on Global
Clinical Impression scores regarding RBD symp-
toms in a cohort of PD patients with probable (not
vPSG proven) RBD [213]. Limitations of the study
were its small sample size (n=20 per group) as
well as lack of objective VPSG outcome parame-
ters. In trials based on vPSG outcome measures
such as RSWA severity or number of RBD episodes,
no objective improvement could be documented
neither in iRBD nor in PD patients with RBD
[214]. Interestingly, one prospective observational
study showed conflictive results with subjective
improvement of RBD symptoms, while simultane-
ously worsening of objective VPSG based outcome
parameters [214, 215]. In a recent review, the esti-
mated effectiveness of 0.5 to 1.5 mg clonazepam on
RBD symptoms and vPSG readouts irrespective of
RBD etiology combining evidence of case reports,
prospective open-label studies, and one RCT was

calculated to reach 66.7% [214] with additionally
17.8% of patients reporting partially improved sub-
jective symptoms. Given the known side effects of
benzodiazepines, which include EDS, falls, confu-
sion, and the possibility of aggravating preexisting
SDB, therapy should be closely monitored and respi-
ratory related measures extracted of the vPSG should
be considered. In case of moderate to severe SDB
at least an ambulatory apnea screening after treat-
ment initiation with clonazepam should be performed
[211, 214].

Melatonin seems to exert less side effects than
benzodiazepines and was reported to be effective in
open-label trials and case-series [216, 217]. However,
a double-blind, placebo-controlled trial including 30
PD patients with RBD randomized to either 4 mg
prolonged-release melatonin or placebo did not show
an improvement of subjective RBD frequency as well
as RSWA on vPSG over the 8-weeks treatment period
[218]. Another randomized controlled trial failed to
show improvement of subjective RBD symptoms in
a cohort of iRBD patients [219]. A single center trial
using a cross-over design in a small group consisting
of only 8 patients with mixed diagnoses consisting of
iRBD as well as PD and narcolepsy patients implied
improvement of RSWA frequency on vPSG and
global clinical impression over a 4-week treatment
period [220], while an open-label trial in 15 RBD
patients of different etiologies also claimed improve-
ment of PSG measures after treatment with 3 to 9 mg
melatonin [221]. However, the chosen trial designs,
small patient numbers, and only moderate effects
leave room for critical appraisal of these results. The
overall calculated effectiveness of melatonin on RBD
irrespective of RBD etiology based on this available
evidence resided within the range of the effects calcu-
lated for clonazepam. Thus, melatonin was reported
to be effective or partially effective in about 60%
of patients, while ineffective in approximately 30%
of patients [214]. However, both above mentioned
recent randomized trials showed relevant placebo
effects on subjective RBD symptoms, which might
account for the putative effectiveness of melatonin
[214]. In conclusion, evidence for the effectiveness
of melatonin remains modest and questions remain
unsolved, including differential effects of immedi-
ate versus prolonged release melatonin formulations
as well as effectiveness of combination therapy regi-
mens. However, due to its more favorable side effects
profile compared to clonazepam, melatonin is still
worth to be considered as first line therapy in RBD
(Table 1).
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In case of therapeutic failure of clonazepam or
melatonin, evidence is scarce. Case series in small
cohorts have reported effects of the combination of
clonazepam and melatonin or clonazepam with other
substances such as pramipexole or carbamazepine,
but these data need further confirmation [214]. The
evidence regarding other therapeutic options is also
scarce. Small open label trials reported conflicting
results in regard to ramelteon, a melatonin receptor
agonists, which seems to improve subjective RBD
symptoms in PD patients with probable RBD (not
vPSG proven) [222] as well as in iRBD, but failed
to improved vPSG parameters [223]. Conflicting
results have also been reported regarding pramipex-
ole. Whereas no effects were reported in a small
open-label trial in PD patients with RBD [224], symp-
toms improved in a cohort of iRBD patients [214].
A very recently published small randomized pilot
trial with nelotanserin, a selective 5-HT (2A) inverse
agonist, failed to show treatment effects on RBD in
patients with DLB or PD patients with dementia after
treatment for 4 weeks on vPSG outcome parame-
ters [212]. Small case series reported effectiveness
of sodium oxybate and zopiclone on iRBD as well as
rivastigmine on PD related RBD [225], while larger
studies are missing.

Given the lack of scientific evidence, a prag-
matic approach on RBD in PD is recommended,
starting with the implementation of a regular sleep
routine and a safe sleep environment. If necessary,
pharmacological approaches should be considered,
taking RBD severity, particularly in cases of either
evident or impending self- or bedpartner-inflicted
injuries, and its impact on sleep quality and qual-
ity of life of patients and caregivers into account.
Furthermore, disease severity of PD and complica-
tions such as cognitive function, gait disturbances and
frailty as well as comorbidities and medication lead-
ing to possible drug interactions should be accounted
for. In conclusion, currently treatment starting with
either melatonin or clonazepam in the lowest pos-
sible dosage (2 mg prolonged release melatonin or
0.5mg clonazepam) should be considered first. If
treatment is ineffective, melatonin might be increased
up to 6 mg and clonazepam up to 1.5mg. In case
of persisting RBD symptoms, combination of clon-
azepam and melatonin might be considered, although
the evidence on combination therapies is insufficient
for general recommendations. If treatment with these
substances is not sufficient, other strategies with less
often used substances should be considered taking
the individuals personal situation and comorbidities

into account. Furthermore, seeking advice of a sleep
medicine specialist with expertise in RBD might be
considered.

Apart from positive effects of some of the above-
mentioned substances on RBD symptoms, large
doubled-blind, randomized, controlled, multicenter
trials are needed to improve RBD treatment [226,
227]. However, standardized assessment regimens of
subjective RBD symptoms, which are not compro-
mised by bias due to selective recollection of RBD
episodes or abrasive dissection of symptoms such
as by the Global Clinical Impression are needed.
Patient diaries might overcome some of the limita-
tions of recollection bias. However, RBD symptoms
may occur undetected, and patients are often unaware
of symptoms, therefore implementation of objective
vPSG, newly developed at-home PSG or actigraphy
based outcome parameters for future clinical trials
seems inevitable. However, RBD symptoms show
high variance, further complicating the establishment
of reliable outcome parameter for future trials [214].

Sleep related movement disorders

Restless legs syndrome
Clinical presentation and pathophysiology RLS,
also known as Willis-Ekbom-Syndrome, is defined
by unpleasant sensations, usually of the legs, but
sometimes also arms or other body parts, with an
uncontrollable urge to move. Symptoms occur pri-
marily at rest in a circadian pattern, preferably in the
evenings or at nighttime, and are at least temporarily
relieved by movements as defined by the Interna-
tional Restless legs study group criteria (IRLSSG)
[228]. The estimated prevalence of RLS varies widely
depending on the selected study population between
1% and 24% [229]. Whether the prevalence of RLS
is elevated in PD compared to the general population
still needs to be finally determined [230-232]. How-
ever, current evidence suggests a similar prevalence
of RLS in de novo PD patients compared to the gen-
eral population with increasing numbers associated
with dopaminergic treatment and disease progression
[86, 229] as well as age and female sex [233]. How-
ever, other symptoms such as akinesia, NMS, and
limb motor restlessness (LMR) resulting in unspe-
cific distress and unpleasant feelings at nighttime, but
not fulfilling the strict criteria for RLS, might be con-
fused with RLS, thus leading to overestimation of
RLS prevalence in PD [234].

RLS symptoms lead to disturbances of sleep
initiation and sleep maintenance with recurring awak-
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enings and sleep fragmentation, often resulting in
increased daytime sleepiness, impaired QoL, and ele-
vated risk of anxiety disorders and depression [235].
The pathophysiology of RLS has not been fully elu-
cidated, yet and the pathophysiology of RLS in PD
might differ from idiopathic RLS [236]. However,
currently identified mechanism include disturbances
of dopaminergic and iron metabolism, genetic risk
factors (e.g., MEIS1, BTBD9) modified by environ-
mental factors and hypoxia [229, 237, 238]. Other
disturbances associated with or causing RLS are
vitamin B12 and folic acid deficiency, diabetes, preg-
nancy, chronic kidney disease, spinal cord lesions
or peripheral neuropathies, dopamine antagonists or
treatment with selective serotonin reuptake inhibitors
[229]. Iron deficiency and its link to the pathophysi-
ology of RLS is an important issue in PD patients, in
which nutritional status might be detrimental [239].

Diagnostic workup

RLS is a clinical diagnosis based on the criteria of
the IRLSSG criteria [240, 241], which might be facil-
itated by a questionnaire supporting the diagnosis
(RLS-DI). RLS severity might be monitored with the
IRLSSG Severity Scale, although both have not been
validated in PD populations yet [242, 243]. Further-
more, the immobilization test assessing subjective
leg discomfort and notable leg movements during
inactivity prior to bedtime supports RLS diagnosis
[244]. If RLS symptoms are indistinct or treatment
response is diminished or ambiguous, vPSG might
be considered to screen for periodic limb movements
(PLMS, see next section). However, the diagnostic
value of PLMS detection is limited by the fact that
PLMS are a rather non-specific condition, detectable
in the majority of RLS patients, but also in SDB and
a great variety of other sleep disorders and even in
healthy persons, compromising its usefulness as a
valid diagnostic marker for RLS [245]. Therefore,
vPSG should be considered, if other primary sleep
disorder are suspected or in case of difficulties of
managing symptoms (Fig. 2).

Therapeutic options

Therapeutic strategies of RLS in PD align with
idiopathic RLS combining pharmacological and non-
pharmacological measures such as exercise, physical
approaches including application of cold water or
cooling sprays and reduction of intake of alcohol,
nicotine, and caffeinated beverages (Table 1) [246].
Furthermore, preexisting drug regimens should be
thoroughly evaluated hence a variety of substances

such as antidepressants or dopamine antagonists
might induce or aggravate RLS symptoms. However,
reduction or cessation of antidepressants needs a cau-
tious approach due to the close comorbidity of RLS,
depression, and anxiety [106, 247]. Iron deficiency
should be substituted, aiming at serum ferritin levels
>75 pg/ml, although this quantitative recommenda-
tion is not specifically validated in PD patients [11].
On the basis of a consensus of RLS experts, patients
with RLS and serum ferritin concentrations of 75 g/l
or less and transferrin saturation below 45% should
receive oral iron therapy. Of note, ferritin might be
elevated in inflammation or in case of malignancy,
therefore iron supplementation is recommended, if
transferrin saturation is below 20% [248, 249]. In
case of moderate to severe or therapy refractory RLS
or if oral substitution is not tolerated, intravenous
iron supplementation with two doses of 1 g iron dex-
tran should be considered, although delayed clinical
effects after up to three to five weeks might occur [86,
248].

The core element of pharmacological RLS treat-
ment in general is dopaminergic substitution (Table 1)
[250-252]. However, RCTs specifically aiming at
pharmacological treatment options for RLS in PD,
particularly regarding dopaminergic agents, have not
been performed yet [253, 254]. Therefore, recom-
mendations are based on data in idiopathic RLS
populations. Levodopa and dopamine agonists such
as rotigotine, pramipexole, and ropinirole improved
RLS symptoms significantly in idiopathic RLS
patients in multiple RCTs. In PD patients with LMR
or RLS symptoms DA agonists such as rotigotine
were shown to be effective in improving morn-
ing motor function and subjective sleep quality
including LMR/RLS symptoms [14, 89, 90, 255].
Furthermore, PLM and awakenings were reduced
in placebo-controlled trials in PD patients by night-
time continuous apomorphine infusion, especially in
those with co-existing RLS [256, 257]. However,
many PD patients are already treated with higher
levodopa-equivalent doses (LED) and dopamine ago-
nist therapy might be limited by older age, presence
of EDS, presence or history of impulse control dis-
orders, hallucinations, and cognitive decline. Use
of higher doses of dopaminergics also increases
the risk for augmentation, consisting of aggravated
symptoms occurring already at daytime or involving
previously unaffected body parts (such as the arms)
[258]. Although the pathophysiological mechanisms
of augmentation have not been fully elucidated yet,
upregulation of the excitatory D1 receptor by long-
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term use of dopaminergics is suspected to contribute
to this phenomenon [259]. As total LED in PD
often exceeds doses used in RLS, other treatment
options for RLS should be generously discussed,
before dosages of dopaminergics are increased even
further.

These therapeutic alternatives include alpha-2-
delta ligands (a28-ligands) such as gabapentin,
gabapentin enacarbil, and pregabalin, which are also
known to be effective in the management of sleep
disturbances associated with neuropathic pain [260].
In addition, they seem to reach similar efficacy in
the treatment of RLS in PD patients compared to
dopamine agonists with lower rates of augmentation
[261]. Furthermore, their potentially sedative side
effects might be beneficial towards associated sleep
disturbances [253]. Adverse side effects include EDS,
dizziness, and weight gain. Therefore, introduction
und up-titration should be executed carefully. Fur-
ther therapeutic options are low-potent opioids like
oxycodone-naloxone combinations, which have also
only been systemically evaluated in idiopathic RLS,
but not in PD, yet [258, 262]. Although opioids were
approved by the EMEA and FDA for the treatment
of RLS and have shown potential benefits on chronic
pain in PD patients, the increased risk of falls and
augmentation of PD-related constipation should be
acknowledged [263].

Periodic limb movements

Clinical presentation and pathophysiology

PLMS are characterized by repetitive, stereotype
movements of the limbs—mostly the legs— during
sleep and are classified as sleep-related movement
disorders [46]. Although pathophysiological mecha-
nisms of PLMS have only been partially understood,
currently a dysfunction of a network including the
spinal cord, brainstem, and supratentorial structures
resulting in overactive bilateral spinal pattern genera-
tors with impact on spinal motoneurons is suspected.
This network seems to be modulated by genetic risk
factors, the autonomic system as well as iron and
dopamine metabolism [230, 264, 265]. PLMS are fre-
quently detectable in primary sleep disorders, most
prominently in RLS patients, affecting approximately
up to 80% of RLS patients [266, 267]. Furthermore,
PLMS are associated with many clinical conditions
such as heart insufficiency, primary sleep disorders
such as SDB [245], age, and male sex, but are also
detectable in up to 25 to 60% of healthy persons
on vPSG, questioning their clinical relevance [266,

268, 269]. PLMS prevalence in PD is equally high
with 30 to 80% of patients affected, even in de novo
PD patients [38]. However, prevalence of PLMS var-
ied widely between different cohorts, thus leaving
the questions whether PLMS prevalence in PD is
increased compared to the general population still
open for debate [270, 271]. In early PD PLMS preva-
lence seems to be similar to controls [272]. However,
PLM severity, as determined by the PLM-Index,
increases with PD duration and disease severity [233].

PLMS were described to occur either unilater-
ally or bilaterally both in RLS and in PD, although
asymmetry of PLMS did not correlate with motor
symptom laterality in PD [230]. Despite the asso-
ciation of PLMS with RLS, an equal association
between RLS and PLMS in PD patients has not been
clearly determined but was discussed rather contro-
versially [273, 274]. The occurrence of PLMS is
associated with sleep fragmentation, non-restorative
sleep, and EDS in the general population [86, 269].
Howeyver, the clinical relevance of PLMS was scruti-
nized by contradictory studies unable to demonstrate
an association of PLMS with EDS [266]. The fact
that many patients are unaware of the occurrence of
PLMS, which are often reported by bed partner only
[275] as well as their frequent occurrence in healthy
persons [276], leads to reasonable doubts regarding
the negative implications of PLMS on sleep, chal-
lenging the concept of PLMS as a relevant cause
for sleep disruption and the importance of treatment
of PLMS. Thus, PLMS without clinical symptoms
are deemed an unspecific phenomenon without sig-
nificance. However, some authors suggested that
treatment of PLMS might benefit cardiovascular
health due to the close relationship of PLM and
the autonomic system [277]. In contrast, Periodic
limb movement disorder (PLMD) is diagnosed, if
the PLMS index (PLM-I) exceeds 15/h in adults in
association with clinical symptoms such as sleep dis-
turbances or daytime function impairment in absence
of other primary sleep disorders or medication pos-
sibly accounting for PLMS occurrence [46].

Diagnostic workup

PLMS are detectable by surface EMG in vPSG
(Fig. 2). According to the actual scoring rules of the
American Academy of Sleep Medicine, limb move-
ments are scored, if EMG activity exceeds baseline
EMG for at least 0.5 s and up to 10 s [46]. PLM cri-
teria require the periodically occurrence of at least
four limb movements with an inter movement inter-
val of 5 s to 90 s. PLM severity is determined as the
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PLM-Index, based on PLM frequency per hour sleep
(n/h). In contrast to PLMS as a condition determined
by PSG findings, the term PLMD requires a PLM-
Index exceeding 15/h as well clinical symptoms such
as disturbances of sleep or daytime function.

Therapeutic options

The evidence for treatment of isolated PLMS is
non-existent, even in the general population. Mostly,
PLMS frequency has been assessed in patients with
comorbid RLS. Randomized controlled trials regard-
ing treatment of isolated PLMS in PD are lacking,
but dopaminergic treatment was shown to decrease
PLMS frequency in RLS patients as well as in early
PD [88, 247]. However, PLM time structure seems
to differ in RLS and PD patients, showing effective
suppression of PLMS in early, but not advanced PD
patients after initiation of dopaminergic treatment
[270]. Small cohort trials and case series reporting
benefits of sleep quality in PLMD patients are not
sufficient for general conclusions [278]. Therefore,
treatment recommendations for isolated PLMS with-
out RLS symptoms in PD are impossible due to lack
of scientific evidence. Also, in our clinical experi-
ence, treatment of PLMD with dopaminergic drugs
does not result in improvement of subjective sleep
quality and/or daytime sleepiness. Thus, leading to
the question, whether PLMD does in fact represent a
distinct disease entity or should be considered as an
incidental phenomenon instead. In conclusion, fur-
ther studies including PD patients with PLMS and
PLMD are needed to allow reliable recommendations
for clinical practice.

Circadian rhythm disorders

Clinical presentation and pathophysiology
Neurodegenerative diseases such as PD and
Alzheimer’s disease are associated with disturbances
of the circadian rhythm. The circadian rhythm consti-
tutes of alternating periods of sleep and wakefulness
as well as a regulated order of physiological and
behavioral processes including variations of blood
pressure, heart rate and body temperature as well
as metabolic and hormonal processes of which some
are aligned to a 24-hour rhythm, others to longer or
shorter time periods. The alignment of the circadian
rhythm to its length of roughly 24 hours is accom-
plished by different mechanisms including light and
darkness, expression of clock genes such as BMALI1
and PER?2, and socio-behavioral inputs such as work
life, mealtimes, social activities, and exercise. The

suprachiasmatic nucleus, receiving visual input from
the retina, is one of the main structures to entrain the
circadian rhythm by communicating with the pineal
gland responsible for melatonin secretion [279, 280].
In PD patients alterations of SCN regulation caused
by neurodegeneration within dopaminergic retinal
cells as well as reduced physical exercise and bright
light exposure due to impaired mobility supposedly
contribute to circadian rhythm dysfunction [281].
Furthermore, clock gene expression of BMALI was
found to be decreased in PD patients [282], whereas
the stress hormone cortisol was elevated compared
to healthy controls [27]. Concomitantly, melatonin
secretion was diminished, which was aggravated in
advanced disease stages and associated with long-
term dopaminergic treatment [280].

Circadian rhythm disorders lead to disruption
of regular wake-sleep rhythm resulting in non-
restorative sleep with consecutive EDS and thus
episodes of daytime napping. Furthermore, increased
nighttime activities as well as aggravation of neuro-
psychiatric complications such as anxiety, hallu-
cinations, and challenging behaviors might occur.
Disruption of the regular circadian rhythm is accom-
panied by an advanced or delayed melatonin secretion
peak as well as alterations of physiological func-
tions including body temperature, blood pressure, and
heart rate [27]. Circadian rhythm disruption leading
to advanced bed times resulting in early awaken-
ings are labelled “phase advance”, while delayed
bed times at night and sleeping late in the day is
called “phase delay”. These alterations are associ-
ated with impaired daytime activities as well as social
activities, possibly causing a disintegration of care-
givers and patients’ sleep-wake schedule leading to
further social and behavioral problems. Furthermore,
alterations of circadian rhythm and consecutive sleep
disruption may enhance the neurodegenerative pro-
cess itself [279].

Diagnostic procedure

Diagnosis of circadian rhythm disturbances is
based on the clinical interview and sleep diaries and
may be supported by actigraphy over a few weeks
alone or combined with the measurement of saliva
melatonin concentrations (Fig. 2) [283]. vPSG might
be considered, if other sleep disorders are suspected
to contribute to disturbances of nighttime sleep or
disruption of circadian rhythm (Fig. 2). Furthermore,
neuropsychiatric symptoms such as anxiety, depres-
sion, hallucinations, or challenging behavior should
be thoroughly assessed and treated, as such symptoms
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might occur in close correlation to sleep disorders
either inducing or resulting from sleep disruption.

Therapeutic options

Therapeutic approaches for circadian sleep-wake
disorders in PD should include educational training
on sleep hygiene, thus admonishing patients and care-
givers to establish regular bedtime routines, avoid
daytime napping and increase the exposure to day-
light participating in outdoor activities and exercise
(Table 1). Eating and drinking habits, particularly
regarding fatty and carbohydrate-saturated meals as
well as caffeine and alcohol containing drinks should
be reconsidered, particularly near bedtime in the
evenings. If phase advance is present, exposure to
daylight and exercise should be intensified and indoor
light sources should be optimized using bright light
sources to help re-establishing regular rhythm. If
phase delay is present, bedtimes should be gradu-
ally shifted forwards and exposure to sunlight should
be intensified in the mornings until reaching desired
bedtimes. Furthermore, the application of bright light
therapy was shown to restore circadian rhythmicity
and to improve sleep quality and mood [284] as well
as motor function in PD patients [27, 100]. Comple-
mentary, melatonin application was recommended to
stabilize circadian rhythm [285, 286]. However, in a
small double-blind, placebo-controlled, randomized,
cross-over pilot trial administration of melatonin did
not alter BMALL levels or subjective sleep qual-
ity significantly compared to placebo [287]. Thus,
further research is needed to establish the role of
application of external melatonin in circadian rhythm
dysfunction in PD.

Other aspects associated with sleep disruption
in PD

In PD patients with sleep disturbances, specific
conditions and treatment regimens need to be con-
sidered in addition to primary sleep disorders. These
conditions are already mentioned in some of the ear-
lier sections. While long-acting dopamine agonists
such as cabergoline, rotigotine, pramipexol, and oth-
ers have been demonstrated to improve subjective
sleep quality [88], the evidence regarding extended
release levodopa is not sufficient to prove positive
effects on sleep [79]. Amelioration of sleep qual-
ity was also reported after DBS as well as initiation
of treatment with intestinal levodopa gel-infusions
[288, 289]. Improvement of sleep quality seems to
be partially exerted by simultaneous improvement of

nighttime and early morning motor function [89].
However, the fraction of improvement attributable
to enhanced nighttime mobility in contrast to direct
effects on sleep are indistinct. The importance of
nighttime mobility was stressed by a study demon-
strating a strong correlation between perception of
impaired mobility in bed with quantification of sleep-
related body position changes and sleep efficiency
[290]. Therefore, thorough analysis of nighttime
problems including objective evaluation of sleep by
vPSG and eventually nighttime mobility is essen-
tial to differentiate between PD associated symptoms
such as akinesia, which will benefit from optimization
of medication, and primary sleep disorders requiring
adequate treatment. On the other hand, mostly dose-
dependent adverse effects of dopaminergic drugs on
sleep structure and maintenance have been described
[83]. However, adverse effects of medication may
vary widely depending on dosage and timing as well
as receptor type stimulated preferentially as already
mentioned. In conclusion, nighttime mobility and
motor symptoms as well effects of medication reg-
imens need to be carefully evaluated (see respective
sections for certain sleep disorders).

However, discrepancies between subjective and
objective measures of sleep quality (‘sleep dis-
crepancy’) are well documented even in primary
sleep disorders and might be influenced by mood
disorders such as depression complicating manage-
ment of sleep disorders even further [47, 79, 291].
This is underlined by a study showing a close
correlation between subjective sleep quality and neu-
ropsychiatric symptoms such as anxiety with daytime
functioning, while objective sleep quality assessed by
actigraphy did not predict daytime functioning [292].
It is of great importance to take sleep discrepancy
into account in regard to initiating diagnostic and
therapeutic measures.

Autonomic NMS, particularly in the advanced
stages of PD, such as constipation, gastroesophageal
reflux, and nocturia may also contribute or cause
sleep fragmentation (Fig. 1) [293, 294]. Briefly, the
management of these conditions includes behavioral
and pharmacological approaches. Bladder dysfunc-
tion should be approached by establishing behavioral
treatment, e.g., bladder training, restriction of fluid
intake in the evenings, pelvic floor exercises, appli-
cation of pads as well as introduction of specific
medication such as solifenacin [102, 295]. In case
of constipation, probiotics, macrogol, and lubipros-
tone are likely efficacious [102]. In conclusion, motor
symptoms as well NMS should be evaluated regard-
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ing their impact on sleep and daytime functioning and
treated adequately.

CONCLUSIONS

Sleep disorders are common NMS in PD with
increasing frequencies during the disease course.
Sleep disorders lead to negative effects on sleep qual-
ity, daytime function, mood, and quality of life of
patients and caregivers. Furthermore, sleep disorders
might contribute to the neurodegenerative process as
aresult of a bidirectional influence of sleep and neu-
rodegeneration. Diagnostic guidelines are similar to
the non-PD population including non-invasive and
non-invasive measures. However, relevant aspects of
sleep disturbances in PD ranging from pathophysio-
logical mechanisms as well as treatment approaches
still lack scientific evidence. Fortunately, in recent
years, the importance of sleep in PD and other
neurodegenerative disorders has been increasingly
recognized, thus leading to increasing interest in sleep
disorders bringing forth the initiation of treatment tri-
als in PD. Still, the therapeutic management of sleep
disturbances in PD remains off-label in many cases.
Nonetheless, sleep-wake disorders in PD should be
further addressed and evaluated in future attempts to
optimize and personalize treatment strategies for the
individual patient with PD. Effective treatments for
the sleep disorders associated with neurodegenera-
tive diseases are urgently needed, but current data are
insufficient.
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