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ABSTRACT
Sleep and circadian rhythm disturbances are central 
features of many movement disorders, exacerbating 
motor and non- motor symptoms and impairing quality 
of life. Understanding these disturbances to sleep is 
clinically important and may further our understanding 
of the underlying movement disorder. This review 
evaluates the current anatomical and neurochemical 
understanding of normal sleep and the recognised 
primary sleep disorders. In addition, we undertook a 
systematic review of the evidence for disruption to 
sleep across multiple movement disorders. Rapid eye 
movement sleep behaviour disorder has emerged as 
the most reliable prodromal biomarker for the alpha 
synucleinopathies, including Parkinson’s disease 
and multiple system atrophy, often preceding motor 
symptom onset by several years. Abnormal sleep has 
also been described for many other movement disorders, 
but further evidence is needed to determine whether 
this is a primary or secondary phenotypic component 
of the underlying condition. Medication used in the 
treatment of motor symptoms also affects sleep and 
can aggravate or cause certain sleep disorders. Within 
the context of movement disorders, there is also some 
suggestion of a shared underlying mechanism for motor 
and sleep pathophysiology, with evidence implicating 
thalamic and brainstem structures and monoaminergic 
neurotransmission. This review highlights the need for an 
understanding of normal and abnormal sleep within the 
movement disorder clinic, an ability to screen for specific 
causes of poor sleep and to treat sleep disturbance to 
improve quality of life. Key sleep disorders also act as 
important biomarkers and have implications in diagnosis, 
prognosis and the development of future therapies.

INTRODUCTION
Abnormal sleep and circadian rhythm disorders 
are seen in many patients with movement disor-
ders, although they remain underdiagnosed and 
are a significant unmet need in clinical care. 
Sleep and circadian rhythms are generated from 
specific regulatory centres, including the fore-
brain, thalamus and midbrain dopaminergic 
neurons, regions also implicated in movement 
disorder pathogenesis.

The rate, nature and temporal pattern of these 
sleep disturbances vary across the different 
movement disorders. For example, in Parkin-
son’s disease (PD) the rate of sleep disorders has 
been estimated to be as high as 98%, with rapid 
eye movement (REM) sleep behaviour disorder 

well established as predating motor symptom 
onset.1 In contrast, those such as adult- onset 
primary, idiopathic dystonia, may have poor 
sleep with evidence suggesting a link to psychi-
atric symptom severity.2

This review provides an overview of the 
common sleep disorders and the evidence to 
date for the patterns and prevalence across a 
spectrum of movement disorders. We discuss the 
tools available for sleep assessment, the impact 
of medication used in motor symptom manage-
ment on sleep, and how disturbed sleep can 
affect daytime motor function. Finally, we high-
light future challenges to the field, and general 
considerations in the assessment and treatment 
of sleep disorders in patients diagnosed with a 
movement disorder.

Sleep structure, anatomy and physiology
Sleep cycles approximately every 90–120 min 
between an initial non- REM (NREM) stage 
(subdivided into N1–3 stages), followed by 
a REM/R phase with a relative muscle atonia. 
Figure 1 summarises the typical hypnogram, 
although with normal ageing, night awaken-
ings increase, N3 decreases and total sleep time 
shortens.

Maintenance of the sleep/wake circuit is regu-
lated by the fast- acting neurotransmitters gluta-
mate and gamma aminobutyric acid (GABA), 
while an array of excitatory neurotransmitters 
are thought to have a modulatory role, including 
hypocretin/orexin (lateral hypothalamus, LH), 
histamine (tuberomammillary nucleus), acetyl-
choline (pedunculopontine (PPT) and latero-
dorsal tegmentum), norepinephrine (locus 
coeruleus), dopamine (ventral periaqueductal 
grey (vPAG) matter) and serotonin (raphe 
nuclei) (figure 2A–C). Sleep regulatory circuits 
are widespread throughout the brainstem and 
hypothalamus. GABAergic parvalbumin neurons 
in the basal forebrain arousal system and 
GABAergic neurons in the parafacial zone of the 
medulla are essential for driving wakefulness, 
with the latter promoting sleep via inhibition 
of glutamatergic neurons in the parabrachial 
nucleus (PB). More recently, evidence suggests 
that GABAergic neurons in the LH contribute 
to promoting wakefulness by inhibiting the 
thalamus and preoptic area. The ventrolateral 
preoptic area also contains GABAergic neurons, 
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essential for promoting sleep via inhibition of the arousal 
system.

Glutamatergic REM- promoting neurons in the sublatero-
dorsal nucleus (SLD) are inhibited by GABAergic NREM- 
promoting neurons in the vPAG, while activation of 
GABAergic neurons in the ventral medulla which innervate 
vPAG promotes transition to REM sleep by disinhibition of 
the SLD. NREM sleep is driven by GABAergic neurons in 
the vPAG and glutamatergic neurons located ventromedial 
to the superior cerebellar peduncle. These neurons suppress 
both wakefulness and REM sleep by inhibiting the SLD, with 
additional inhibition of the medial PB by GABAergic neurons 
also promoting NREM sleep. Newer models of the sleep/
wake circuit recognise that these interactions are modulated 
by several brain regions including the PPT, laterodorsal 
tegmental nuclei (LDT), projections from the medulla and 
the melanin- concentrating neuron system (figure 2A,B).3

Types of sleep disorders
The different forms of sleep disorders, as defined by the 
International Classification of Sleep Disorders, their clinical 
features, diagnostic criteria, proposed underlying pathophys-
iology and currently suggested treatments are summarised in 
table 1.

Diagnosing sleep disorders
Online supplemental table 1 summarises the available sleep 
questionnaires. Sleep diaries and wrist actigraphy are often 
used for the diagnosis of insomnia and circadian rhythm disor-
ders as well as population screening in research cohorts. The 
gold standard for objective sleep staging remains in- patient 
video polysomnography (PSG), involving video, electroen-
cephalography, electromyography and electrooculography. 

PSG is required for confirming the diagnosis of REM Sleep 
Behavioural Disorder (RBD), while PSG and multiple sleep 
latency test (MSLT) are used in the diagnoses of narcolepsy 
and other central hypersomnias.

Technology to aid diagnostic and therapeutic management
Development of consumer wearables is becoming recognised 
as a prospective clinical tool, aiding early diagnosis as well 
as the opportunity to monitor disease progression particu-
larly, for example, in response to therapeutics. Actigraphy, 
an accelerometer validated to detect sleep/wake activity 
patterns, is particularly useful for documenting sleep- wake 
patterns for periods of days or weeks in the patient’s own 
environment, as well as measuring physical activity during 
periods of wakefulness. Use of these wearable devices extends 
far beyond disease alone, potentially providing avenues to 
better understand the association between sleep and health, 
as well as opportunities to optimise interventions and reduce 
the adverse health impacts of poor sleep.

Review of the evidence for sleep disturbance across 
degenerative and non-degenerative movement disorders
The literature search included the key words “sleep distur-
bances”, “sleep disorders”; “RLS”; “PLMS”; “sleep related 
breathing disorders”; “RBD”; “excessive daytime sleepi-
ness”; “insomnia” in combination with degenerative move-
ment disorders: PD, Dementia with Lewy bodies (DLB), 
Multiple System Atrophy (MSA), Progressive Supranuclear 
Palsy (PSP), Corticobasal Syndrome (CBS), Huntington’s 
Disease (HD), Dentatorubral- pallidoluysian Atrophy, spinoc-
erebellar ataxia (SCA), Anti- immunoglobulin- like cell adhe-
sion molecule 5 (IgLON5) disease, Wilson’s Disease (WD), 

Figure 1 Sleep hypnogram illustrating a normal sleep cycle and physiological changes. NREM1/2/3: non- rapid eye movement sleep stages 1, 2 and 3, 
REM sleep: rapid eye movement. NREM, non- rapid eye movement.
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Niemann- Pick disease type C (NPC), Neurodegeneration with 
Brain Iron Accumulation (NBIA) including: pantothenate 
kinase- associated neurodegeneration, PLA2G6- associated 
neurodegeneration, beta- propeller protein- associated neuro-
degeneration, mitochondrial membrane protein- associated 
neurodegeneration and fatty acid hydroxylase- associated 
neurodegeneration, neuroacanthocytosis including: McLeod 
syndrome and Chorea- acanthocytosis and non- degenerative 
movement disorders: Dystonia, Essential Tremor (ET), 
Dystonic Tremor, Myoclonus (excluding myoclonus in rela-
tion to epilepsy), Tourette’s syndrome (TS), Tic Disorders 
and Benign Hereditary Chorea (BHC). Studies identified 
were divided according to cohort size and methods of assess-
ment (online supplemental tables 2–6). Only those involving 
PSG studies undertaken in case–control cohorts are discussed 
below and summarised in tables 2 and 3. Where there is 
evidence, we have also sought to discuss potential under-
lying pathophysiological mechanisms.

Parkinsonism
Sleep disorders in PD
Sleep disturbance, which is typically multifactorial, is as 
high as 74%–98% in individuals diagnosed with PD, with 
well documented evidence of parasomnias including RBD, 
Periodic Limb Movements During Sleep (PLMS) and sleep 
related breathing disorders. Many sleep symptoms are 
related to disease duration, for example, there are increased 
disturbances to sleep architecture, insomnia and somnolence 
in later disease stages compared with earlier timepoints. Two 
recent review articles provide detailed oversight of the PSG 
findings and therapeutic management of sleep disturbance in 
PD, and therefore we have only provided a brief overview 
below.4 5

RBD is well characterised in PD populations with longi-
tudinal case–control studies identifying 73.5% of patients 
with idiopathic RBD (iRBD) develop a neurodegenerative 

Figure 2 (A) Neurotransmitters and brain regions involved in the sleep- wake cycle (B) REM sleep circuitry: Hypothesised pathways include 
synucleinopathic degeneration in the SLD in DLB, in addition to Vm in PD, causing loss of REM sleep atonia and associated motor behaviours. Pathological 
changes to the LDT/PPN and LC in MSA may contribute to RBD. (C) Schematic of neurotransmitters involved in movement disorders in the context of sleep. 
(I) Hypocretin/orexin and acetylcholine: 1: reduced hrct-1 in the CSF of NPC, PSP and PD, 2: reduced immunostaining of hcrt-1 neurons in MSA and HD 
patients, 3: decreased hcrt-1 in mouse models of HD, 4: deletion of torsinA protein was associated with cholinergic neuronal loss in dystonia, 5: cholinergic 
neuronal loss in the striatum of PD and PSP patients. (II) Monoamines: 6: reduced Na concentrations in dystonia patients, 7: neuronal loss of Na neurons in 
PD, 8: reduced DAT in WD, NPC and Ts, and RBD patients who developed PD, 9: Reduced D3 receptors in PD associated with EDS, reduced D2 receptors in 
genetic carriers of DYT1, DYT6, DYT11 and NKX2.1, increased D2 receptors in TS, 10: Elevated DA uptake in TS, 11: Reduced SERT in PD, MSA and CD, 12: 
Reduced 5- HT levels in the DRN of CD patients, 13: increased 5- HT binding function in Ts patients, 14: Upregulation of 5- HT2A receptors in Ts cohorts, 15: 
reduced 5- HIAA in MD, 16: depleted 5- HT in raphe nuclei of MSA cases. (III) Glutamate and GABA: 17: reduced glutamatergic neurotransmission in animal 
mouse models of NPC, 18: reduced NMDA receptors in HD, 19: increase in GABAA receptors in HTT gene carriers and et patients, 20: Reduced GABAergic 
neurons in TS brains, 21: Reduced GABAA receptors in dystonia. AMPA: α-amino-3- hydroxy-5- methyl-4- isoxazolepropionic acid receptor; BF, basal forebrain; 
D2/3, Dopamine receptors; DA, dopamine; DAT, dopamine transporter; DRN, dorsal raphe nuclei; GABA, gamma aminobutyric acid; Glu, glutamate; Hcrt/Orx, 
hypocretin/orexin; HIAA, 5- hydroxyindoleacetic acid; HIST, histamine; LC, locus coeruleus; LDT, lateral dorsal tegmentum; LPT, lateral pontine tegmentum; LH, 
lateral hypothalamus; MCH, melanin- concentrating hormone; NA, norepinephrine; nACh, nicotinic acetylcholine receptors; NMDA, N- methyl- D- aspartate; 
Pb, parabrachial nucleus; PPN, pedunculopontine nucleus; PPT, pedunculopontine; PZ, parafacial zone; SCP, superior cerebellar peduncle; SERT, serotonin 
transporter; SLD, sublaterodorsal nucleus; SN, substania nigra; TMN, tuberomammillary nucleus; VLPO, ventrolateral preoptic nucleus; vM, ventromedial 
Medulla; vPAG, ventral Periaqueductal grey matter; VTA, ventral tegmental area.
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Table 1 Characteristic features of sleep disorders defined by the International Classification of Sleep Disorders

Sleep disorder Clinical features Diagnostic criteria Treatment Proposed pathophysiology

Chronic insomnia Difficulty falling asleep and/or maintaining 
sleep, with symptoms impacting daytime 
activity. Symptoms present on most nights 
for at least 3 months and occur at least 
three times per week.

Problems initiating sleep, 
difficulty maintaining sleep, 
waking up earlier than 
desired, resistance going to 
bed on appropriate schedule 
or difficulty sleeping without 
parent/caregiver intervention. 
Sleep/wake complaints cannot 
be explained by inadequate 
opportunity or circumstances. 
In addition, fatigue, impaired 
performance, prone to errors/
accidents

First Line: CBT where available.
Other treatments:
antihistamines, melatonin, 
benzodiazepines

1. Disinhibition of the VPLO
2. Impaired disengagement of 

cortical regions involved in 
executive control and attention

3. REM instability
4. Melatonin deficiency

Sleep- related breathing disorders   

Obstructive sleep apnoea Chronic disorder characterised by snoring 
with episodes of upper airway collapse 
during sleep, waking with choking or 
breath holding. Associated fragmented, 
unrefreshing night sleep, insomnia and 
excessive daytime sleepiness. Risk factors: 
hypertension, type 2 diabetes mellitus and 
congestive cardiac failure.

PSG detecting ≥5/hour 
obstructive respiratory events 
alongside other criteria (eg, 
partners reports of habitual 
snoring or breath interruptions) 
or ≥15/hour obstructive 
respiratory events during PSG.

CPAP: recommended first- line 
therapy

1. Altered arousal threshold
2. Instability of ventilatory control
3. Increased glutamate 

and decreased GABA 
neurotransmission

4. Small pharyngeal airway

Central sleep apnoea Abnormal brainstem ventilatory responses 
leading to reduced or absent respiratory 
effort, with no evidence of snoring. Results 
in insufficient/absent ventilation, frequent 
night- time awakenings and excessive 
daytime sleepiness.
Common causes: opiate use and cardiac 
failure

PSG demonstrating ≥5/hour 
central apnoeas, number of 
central apnoeas is >50% of the 
total number of apnoeic and 
hypopneic episodes

CPAP treatment is less effective than 
in OSA.

1. Absence of ventilatory drive

Hypersomnolence   

Narcolepsy Orexin/hypocretin- deficiency resulting 
in daytime sleepiness, sleep paralysis, 
hypnagogic hallucinations±cataplexy cause 
by instability in transitions between wake, 
NREM and REM sleep.

Narcolepsy Type 1: Diagnosed by 
the presence of one or both of 
(1) cataplexy and a mean sleep 
latency of ≤8 min and (2) two or 
more sleep- onset REM periods 
(SOREMPs) on an MSLT.
Narcolepsy Type 2: Daily periods 
of irrepressible need to sleep 
or daytime lapses into sleep 
confirmed with MSLT. Absence 
of cataplexy confirmed with CSF 
hypocretin-1 concentrations 
(>110 pg/mL or >1/3 of mean 
values obtained in normal 
subjects).

Amphetamine- like, modafinil, sodium 
oxybate

1. Unstable transitions between 
wake, REM and NREM sleep 
caused by loss of hypocretin 
neurons

2. Abnormal circadian regulation
3. Insufficient NREM sleep
4. Hypothalamic lesions

Idiopathic hypersomnia Excessive daytime sleep and/or sleepiness, 
prolonged unrefreshing overnight sleep 
and difficulty waking occurring for at least 
3 months.

MSLT shows fewer than two 
sleep- onset REM periods or none 
if REM latency is ≤15 min. In 
addition to the presence of either 
an MSLT of ≤8 min, elevated 
total sleep time (12–14 hours) 
on PSG/wrist actigraphy or at 
least 3 daytime lapses into sleep 
associated with a sleep log (over 
seven nights).

Changes to routine, behavioural 
therapy, modafinil.

1. Abnormal neurotransmitter 
signalling of histamine, serotonin, 
dopamine and GABA

Parasomnias   

NREM parasomnias Confusional arousal, somnambulism and 
sleep terrors with incomplete/no recall. 
Predominantly arise during the first third of 
the night, during slow wave sleep.

Confusional arousal: Recurrent 
mental confusion on arousal/
awakening, absence of 
fear, walking behaviour or 
hallucinations in association 
with episode.
Sleep walking: Ambulation 
during sleep, difficulty arousing 
the patient during an episode, 
amnesia.
Sleep terrors: PSG demonstrates 
tachycardia in associated 
with the episode and other 
sleep disorders for example, 
nightmares, can be present.

Medical therapy used when episodes 
are frequent or violent. Melatonin 
and benzodiazepines, notably 
clonazepam, most commonly used.

1. Reduced regional perfusion in 
the frontal and parietal areas 
during N3 sleep

2. Activity in the thalamus and 
cingulate cortex during N3 sleep

Continued
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disorder after 12 years.6 Those patients diagnosed with 
PD and RBD tend towards more severe clinical features, 
including increased motor symptom severity, higher rates 
of axial symptoms, psychiatric symptoms, hallucinations, 
autonomic dysfunction, cognitive impairment and impulse 
control disorders, as well as a generally longer motor disease 
duration, when compared with PD patients without RBD.7–9 
Recent imaging studies of those with comorbid PD and RBD 
demonstrate prominent loss of volume in the pontomesen-
cephalic tegmentum, PPN network dysfunction and reduced 
signalling in the locus coeruleus compared with those with 
PD alone.10–12

Although often reported, systematic studies of RLS and 
PLMS have found conflicting results, but with close matching 
of control populations a general absence of RLS was 
observed, while use of actigraphy demonstrated high rates 
of PLMS. Evidence for the pathogenesis of PD and RLS is 
conflicting, some studies have reported reduced nigrostriatal 
dopaminergic activity in idiopathic RLS,13 while one longi-
tudinal imaging study demonstrated increased dopaminergic 
transporter availability in both the caudate and putamen to 
be associated with the presence of RLS.14 It is also possible 
that RLS in PD is related to dopaminergic treatment rather 
than the disease itself. The prevalence of RLS in de novo PD 
patients is comparable to controls, with a longitudinal study 
showing significantly higher rates of RLS at 3 year follow- up 
than that at baseline in drug naïve patients.15 Stimulation 
of the subthalamic nuclei (STN) has also been shown to 
increase rates of RLS, with overstimulation of the dopami-
nergic system thought to resemble the clinical features of 
augmentation.7

Conflicting results have been found for rates of sleep 
apnoea syndromes (SAS), with some studies identifying 
comparable apnoea- hypopnea indices (AHI) levels and a 
comparable risk of OSA and central sleep apnoea (CSA), 
while elevated AHI have also been reported at higher rates 
in those with PD compared with controls.16–19 However, 
several of these studies have not identified the typical 
oxygen desaturation profiles observed with obstructive SAS, 

as well as the body mass indices of those with PD being 
significantly lower compared with that of controls. These 
findings suggest that the sleep disordered breathing identi-
fied may represent nocturnal motor involvement of respi-
ratory muscles or a precursor to later stage dysautonomia, 
rather than the more typical OSA observed in the general 
population.20 Extensive loss of neurons, in particular within 
respiratory control structures such as the brainstem, may 
also contribute to respiratory disorders. PD patients show 
abnormal ventilatory response to hypoxia and hypercapnia 
suggesting involvement of the medulla, with neuronal and 
astrocyte reduction in the retrotrapezoid nucleus, nucleus 
of the solitary tract and pre- Bötzinger complex resulting in 
abnormal respiratory function in murine models of PD.21

Several studies have also reported reduced melatonin 
secretion in patients, with a case–control study showing a 
fourfold decrease in circulating melatonin levels in those 
with PD, and reduced melatonin rhythm amplitude in those 
with excessive daytime sleepiness.22 These circadian distur-
bances are present in early disease stages and are often asso-
ciated with cognitive decline and psychiatric disorders.23 In 
addition, reduced expression of Bmal1 (a clock gene) has 
been found to correlate positively with PD severity and PSQI 
scores, providing further evidence of a link between circa-
dian rhythm and sleep disturbances.24

Sleep disorders related to motor symptoms in PD
Studies involving PD cohorts (n=45) have shown a positive 
correlation between PLMS, daytime sleepiness and more severe 
motor rating scores and reduced mobility.25 A number of studies 
have also established a strong link between iRBD and subsequent 
neurodegenerative disorders, with retrospective analysis of PSG 
data (n=59 PD patients) identifying faster motor progression in 
those with RBD (n=15) and REM sleep without atonia (RWA) 
(n=22) compared with those with preserved REM sleep atonia 
(n=22, p=0.015). However, this could also be due to increased 
disease severity and degeneration associated with RBD in PD 
patients.26 Several studies also implicate cognitive impairment 

Sleep disorder Clinical features Diagnostic criteria Treatment Proposed pathophysiology

REM sleep behaviour 
disorder (RBD)

RBD occurs with loss of normal REM muscle 
atonia, resulting in dream enactment, 
often with injury to the patient/bed 
partner. Events tend to be memorable and 
associated with dreams.

Repeated episodes of sleep 
vocalisation and/or motor 
behaviours documented in 
video PSG during REM sleep or 
based on clinical history. PSG 
demonstrates REM sleep without 
atonia.

Melatonin and clonazepam, although 
no RCTs to date.

1. Dysfunction of the subcoeruleus 
nucleus, the medullary 
magnocellularis and the 
sublaterodorsal nucleus

2. Glutamatergic, GABAergic and 
cholinergic abnormalities

Sleep- related movement disorders   

Restless leg syndrome and 
periodic limb movements 
during sleep

Unpleasant sensation in the LL, affecting 
onset and maintenance of sleep.
PLMS are periodic, repetitive LL movements 
typically co- occurring with RLS

RLS: Sensation begins or worsens 
during periods of rest (eg, 
lying down), predominantly at 
night, which are relieved by 
movements. Symptoms should 
cause concern, sleep disturbance 
or impairment in important areas 
of functioning (eg, physical, 
social).
PLMS: PSG demonstrates PLMS 
with a frequency of >15 hours 
and causes significant sleep 
disturbance or impairs other 
important areas of functioning.

Dopamine agonists (rotigotine, 
pramipexole, ropinirole), gabapentin 
and pregabalin

1. Altered spinal circuits in sensory 
and motor processing areas

2. Dopaminergic and glutamatergic 
dysfunction

3. Iron deficiency

CPAP, continuous positive airways pressure; CSF, cerebral spinal fluid; GABA, gamma aminobutyric acid; LL, lower Limb; MSLT, multiple sleep latency test; N3, non- rapid eye movement stage 
3; NREM, non- rapid eye movement sleep; OSA, obstructive sleep apnoea; PLMS, periodic limb movements during sleep; PSG, polysomnography; QoL, quality of life; RBD, REM sleep behaviour 
disorder; RCTs, randomised controlled trials; REM, rapid eye movement sleep; RLS, restless leg syndrome; VLPO, ventrolateral preoptic nucleus; VPLO, ventrolateral preoptic area.

Table 1 Continued
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Table 2 Case–control polysomnography studies involving patients diagnosed with degenerative movement disorders

Disorder Author Year Cohort Assessment Outcome

HD Wiegand et al95 1991 HD (12)
HC (12)

Two nights of PSG Patients had an increased sleep onset latency, reduced sleep efficiency, 
increased no of awakenings and reduced slow wave sleep compared with 
controls.

HD Wiegand et al96 1991 HD (16)
HC (16)

Two nights of PSG Patients with HD had reduced sleep efficiency, increased sleep- onset latency, 
reduced slow wave sleep and more time spent awake.

HD Emser et al97 1988 HD (10)
HC (12); seven 
volunteers

Two nights of PSG HD and HC had no differences except for two patients who had a reduction 
in slow wave sleep. Sleep spindle was also increased during N2 which 
correlated to duration of disease.

HD Arnulf et al59 2008 HD (25), HC (25)
Narcolepsy (25)

Overnight PSG, MSLT, ESS, 
clinical interview

Patients with HD had insomnia, earlier sleep onset, lower sleep efficiency, 
increased PLMS and shortened REM sleep, ESS was normal. 12% exhibited 
RBD.

HD Cuturic et al98 2009 HD (12)
HC (9)

One night of PSG, ESS ESS score had no significant difference between groups. Sleep latency was 
significantly longer in patients. Nocturnal SRBD were absent.

HD Goodman et al99 2011 HD (9)
HC (10)

Three nights v- PSG, MSLT, 
ESS, Actigraphy, FOSQ, 
MOS, BDI-2

FOSQ, ESS and MOS scores did not differ from controls. Sleep architecture 
(lower percentage of REM sleep) and sleep efficiency differed compared with 
controls.

HD Neutel et al100 2015 HD (29)
HC (29)

v- PSG Patients had longer total sleep and REM sleep onset latency. Two patients 
had RWA. Seven patients had giant sleep spindles and one control.

HD Lazar et al101 2015 HD (38): premanifest 
gene carriers
HC (36)

Two nights PSG and MSLT, 
2 weeks of Actigraphy

Gene carriers had more disrupted sleep, characterised by fragmented sleep 
profile: a decrease in REM sleep.

HD Piano et al102 2015 HD (30)
HC (30)

1 night v- PSG, ESS, IRLSSG, 
BQ, RBDSQ

Two patients reported RLS, 8 had scores ≥9.8 patients had high risk of OSA. 
2 had pathological RBD. PSG showed no RWA and RBD. Disease duration 
correlated with ESS.

SCA Seshagiri et al103 2018 SCA1 (6) SCA2 (5)
SCA3 (7) HC (6)

Overnight PSG Sleep spindle density significantly decreased in SCA.

SCA Rodríguez- Labrada 
et al64

2019 SCA2 (20)
SCA2 preclinical carriers 
(20),
HC (20)

One whole night of PSG Compared with controls sleep spindle density was significantly reduced 
in SCA2 and preclinical patients. Reduced spindle activity correlated with 
reduced N3 sleep in SCA2 patients.

SCA Rueda et al66 2016 SCA 6 (12)
HC (12)

Overnight PSG SCA6 had higher frequency of snoring, respiratory disorders and slow wave 
sleep compared with controls.

SCA Zanatta et al67 2019 SCA 2 (17)
HC (17)

One night of v- PSG Increased REM sleep in 70%, increased REM latency in 52%, increased OSA 
in 82% and absent REM density in 76%. Compared with controls SCA2 had 
reduced total sleep time, sleep efficiency, sleep latency, sleep N3 latency, 
REM quantity, N2 and N3 quantity. Disease progression correlated with a 
reduction in REM density and sleep efficiency

SCA Iranzo et al51 2003 SCA3 (9)
HC (9)

Overnight PSG, sleep 
questionnaire

55% of patients has RBD compared with no controls. SCA3 patients had 
reduced total sleep time, sleep efficiency, REM sleep percentage, increased 
WASO and PLMI.

SCA Pedroso et al65 2013 SCA3 (22) from 15 
families
HC (20)

Overnight PSG, RBDSQ, 
IRLSSG

SCA3 patients; 54% had RLS, 77% had PLMS, 73% had RWA and 59% had 
RBD.

SCA Velázquez- Pérez 
et al104

2011 SCA2 (32)
HC (32)

Two nights of v- PSG, ESS, 
sleep interviews

Reduced REM sleep percentage and REM density, an increase in RWA, PLMS 
in 37.5% of patients. 21.8% complained of insomnia vs 3% in HC and RLS 
diagnosed in 25% of patients compared with 3% in HC. No difference in ESS 
scores.

SCA Silva et al65 2016 SCA3 (47)
HC (47)

Overnight PSG, IRLSSG, 
RBDSQ,

SCA3 had higher frequency of arousals from slow wave sleep, parasomnia 
complaints, RWA, PLMI, percentage of N1 and N3 sleep.

SCA Chi et al105 2013 SCA 3 (15)
HC (16)

Overnight PSG, ESS SCA3 patients had reduced sleep efficiency and percentage of REM sleep 
which negatively correlated with severity of ataxia. ESS was normal to 
controls.

SCA Reimold et al68 2006 SCA1 (10), SCA2 (4)
SCA3 (2), HC (9)

Overnight PSG, ESS RLS present in 25% of SCA1 and SCA2 patients, 100% of SCA3 patients. All 
RLS patients had abnormal PLMS score. One RLS had OSA. 1 SCA2 and SCA3 
patient had EDS.

SCA London et al67 2018 SCA 10 (23)
HC (23)

One night of PSG, ESS SCA10 patients had longer REM sleep and more REM arousal than controls. 
REM sleep onset correlated with disease duration.

WD Netto et al106 2010 WD (25)
HC (25)

PSG Patients had reduced total sleep time, sleep efficiency, percentage of N3 
sleep, and REM sleep, prolonged sleep- onset latency and latency to N2.

WD Trindade et al72 2017 WD (42)
HC (42)

v- PSG, IRLSSG, ESS, PSQI, 
BDI

Sleep quality was worse compared with HC. WD patients showed lower sleep 
efficiency, less N2 sleep and more WASO and arousal compared with HC. WD 
with RLS showed significantly more PLM, more N1 sleep and a longer REM 
sleep latency.
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in the exacerbation of sleep disorders and altered sleep struc-
ture.27 Patients with PD with primary sleep disorders (RBD and 
insomnia) had significantly poorer global cognition, visuospa-
tial and executive function in comparison to both unaffected 
controls and patients with PD without sleep disorders.28

Impact of treatment used in the management of motor 
symptoms on sleep
Dopaminergic therapy
Night- time akinesia can worsen underlying disturbances to sleep. 
A placebo- controlled study of controlled release levodopa/carbi-
dopa in patients with PD (n=40) found improved nocturnal 
akinesia and therefore increased total hours slept, however, 
immediate release preparations result in reduced total sleep time 
and lower rates of RBD- related symptoms.17 In contrast, several 
studies have shown that the use of dopamine agonists results 
in increased levels of nocturnal activity and higher levels of 
daytime sleepiness compared with levodopa therapy.29 Sudden- 
onset sleep is sometimes described in PD and attributed to the 
sedative effects of dopamine agonists, with these ‘sleep attacks’ 
prompting safety concerns, particularly in relation to driving.30 
However, transdermal rotigotine patches have been shown to 
effectively aid sleep continuity, sleep stability and REM sleep, 
with comparable outcomes to pramipexole and superior to treat-
ment with ropinirole.31 32 Dopamine agonists are also licensed 
for use in the treatment of RLS and PLMS, however, increasing 
recognition of impulse control disorder and augmentation as 
common side effects have limited their use, with pregabalin or 
gabapentin frequently used as alternatives.

Monoamine oxidase inhibitors
Rasagiline can be alerting, with fatigue- related questionnaires 
completed by those with PD showing significant improvements 
to baseline scores at 12 weeks (n=16, p=0.003). Dopamine- 
naïve PD patients (n=1176) demonstrated dose- related improve-
ments at week 36 compared with placebo (1 mg p=0.003; 2 mg 
p<0.0001), while PSG studies show increased sleep mainte-
nance and lower wake after sleep onset (WASO) compared with 
controls.33 Safinamide also improves sleep disorders in PD, likely 
due to its dual dopaminergic and glutaminergic mechanisms, 
while amphetamine- like derivatives of selegiline can worsen 
sleep quality by promoting the onset of insomnia.

Deep brain stimulation
PSG studies have noted improvements following STN stim-
ulation, with increased total sleep time, decreased WASO 
(p<0.05) and longer periods of continuous sleep (p<0.05), 
while PPN stimulation—although experimental and 
performed in few patients—resulted in increased percentage 
REM sleep in both PD and PSP populations.34 The effi-
cacy of DBS in the management of sleep disorders in PD 
is conflicting, the majority of studies suggest that DBS has 
no impact on RBD,35 although restoration of RWA has been 
noted.36 Several studies have shown improvement in RLS 
symptoms following DBS,37 38 while one study found that 
STN- DBS resulted in the emergence of RLS in 19% of those 
with PD.7

Therapeutics used in the management of sleep disorders in 
PD
Wake-promoting agents
These include stimulants such as modafinil and methylphe-
nidate, used to promote wakefulness in hypersomnolence. A 
recent meta- analysis demonstrated improvement in subjective 
sleepiness with modafinil, although no subjective improve-
ment in fatigue or objective measures of sleepiness (MSLT 
or MWT).39 Studies of other agents have also shown prom-
ising results with sodium oxybate (GABAB receptor agonist) 
decreasing ESS scores and increasing mean sleep latency, 
while methylphenidate resulted in a significant reduction to 
fatigue compared with placebo in PD populations.40

Melatonin
Melatonin is produced by the pineal gland with levels rising 
in darkness and acting as a key regulator of the sleep wake 
cycle. It has a short half- life at 30–60 min and is licensed 
to treat sleep onset insomnia as well as being used off 
licence to treat RBD with PSG studies showing restoration 
of REM atonia, with case–control studies suggesting fewer 
side effects compared with clonazepam.41 However, a recent 
placebo- controlled randomised controlled trial (RCT) found 
prolonged- release melatonin to have no significant impact 
on the subjective reporting of RBD symptoms.42 Agomela-
tine, a synthetic melatonin analogue, initially developed for 
treatment of depression, has also been shown to alleviate 
sleep disturbances (PLMS and awakenings) in PD.43

Disorder Author Year Cohort Assessment Outcome

WD Tribl et al70 2015 WD (41)
HC (41)

v- PSG, RBDSQ, PSQI, ESS, 
MSQ, clinical and sleep 
interviews

5 WD patients fulfilled the RBD criteria and had significantly higher values 
in RWA. RWA in WD patients without RBD was still significantly increased 
compared with controls.

WD Nevsimalova et al71 2011 WD (55)
HC (55)

PSG (24 WD and HC), ESS, 
RBDSQ,

13 WD patients fulfilled RLS criteria. WD patients were more prone to 
daytime napping, EDS and poor nocturnal sleep. Mean ESS and RBDSQ were 
higher than controls. TST was lower, with decreased sleep efficiency and 
increased wakefulness. WD had lower latency of N1 and N2 sleep. 14% had 
MSLT <8 min.

NPC Vankova et al74 2003 Juvenile NPC (5)
HC (12)

At least one night of PSG, 
MSLT

In all patients, sleep was fragmented and disorganised. Total sleep time and 
sleep efficiency was lower, shorter sleep latency and increased WASO.

BDI/−2, Beck’s depression inventory; BQ, Berlin Questionnaire; EDS, excessive daytime sleepiness; ESS, Epworth Sleepiness Scale; FOSQ, Functional Outcomes of Sleep 
Questionnaire; HC, healthy control; HD, Huntington’s disease; HDSS, Hungtinton’s Disease Sleepiness Scale; IRLSSG, International Restless Leg Syndrome Study Group; MSLT, 
Multiple Sleep Latency Test; MSQ, Mayo Sleep Questionnaire; NPC, Niemann- Pick disease Type C; OSA, obstructive sleep apneoa; PLMI, Periodic Limb Movement Index; PLMS, 
periodic limb movement during Sleep; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index; RBD, rapid eye movement sleep behaviour disorder; RBDSQ, Rapid Eye 
Movement sleep Behaviour Disorder Screening Questionnaire; REM, rapid eye movement sleep; RLS, Restless leg syndrome; RWA, rapid eye movement sleep without atonia; SCA, 
spinocerebellar ataxia; SRBD, sleep- related breathing disorder; v- PSG, video polysomnography; WASO, wake after sleep onset; WD, Wilson’s disease.
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Table 3 Case–control polysomnography studies involving patients with non- degenerative movement disorders

Disorder Author Year Cohort Assessment Outcome

Dystonia Gadoth et al107 1989 HPD (3)
HC (11)

PSG over two nights (two 
patients, and one night in 
one patient and HC)

Sleep structure appeared to be normal in all subjects.

Dystonia Jankel et al108 1983 DMD (4)
HC (4)

PSG over three nights PSG showed increased sleep latency, reduced sleep efficiency and 
unusually high voltage of sleep spindles (>100µV) sleep spindles during 
N2.

Dystonia Jankel et al109 1984 DMD (9)
HC (9)

PSG over three nights All patients slept poorly, patients with advance stages of dystonia 
all displayed high- amplitude (>150µV) spindles during N2 and N3, 
increased sleep latency, less REM sleep, increased no of awakenings and 
poor sleep efficiency.

Dystonia Fish et al110 1990 Primary TD (14)
Secondary TD (10)
Other neurological disorders (39)
HC (10)

PSG over two nights Four patients (taking benzodiazepines) with TD had increased sleep 
spindles more than both control groups. All patients with severe disease 
had abnormal sleep spindles.

Dystonia Fish et al111 1991 Primary TD (14)
Secondary TD (10)
Other neurological disorders (39)
HC (10)
Same sample as Fish et al., 1990

PSG over two nights All patients and controls showed reduced EMG activity during REM 
sleep compared with wakefulness. Patients with secondary TD had fewer 
bursts of activity than normal subjects. RBD was absent in all groups.

Dystonia Fish et al112 1991 Primary TD (14)
Secondary TD (10)
Other neurological disorders (39)
HC (10)
Same sample as Fish et al., 1990

PSG over two nights Movements were most frequent during awakening, proceeded by 
N1, with very few movements during N2 and REM sleep. Sleep- 
related movements in primary and secondary TD emerged after brief 
awakenings.

Dystonia Lobbezoo et al113 1996 CD (9)
HC (9)

PSG over two nights PSG in CD patient were normal. Sleep was associated with an 
improvement of symptoms in CD, with abnormal cervical muscle activity 
decreasing immediately when lying down and then being abolished 
when transitioning to light NREM sleep.

Dystonia Brüggemann 
et al81

2014 DRD (23)
HC (26)

PSG over one night, 
PSQI, ESS, SSS, FEPS-2, 
BDI, self- administered 
comorbidity 
questionnaire

Sleep quality, SSS and ESS was similar across groups. Six patients 
underwent PSG, two had reduced sleep efficiency, two increased sleep 
latency, five increased REM latency, four had initiation problems and 
four had increased in numbers of arousal.

Dystonia Antelmi et al79 2017 CD (20)
HC (22)

One full night of PSG, 
RLS, PSQI, ESS, BDI

PSQI showed significant reduction in sleep quality, and correlation 
with higher scores of BDI. ESS scores were normal. Difficulties in sleep 
efficiency and increased sleep latency and increased REM sleep latency. 
Patients had lower muscle amplitude contraction over the dystonic 
muscles compared with HC in slow wave sleep and REM sleep.

Tic 
Disorders

Hashimoto et 
al114

1981 TS (9)
HC (9)

PSG At all stages of sleep, body movements during sleep were more frequent 
in cases of TS. Twitch movements in REM sleep were significantly 
increased in TS. TS patients had increased total sleep time, REM sleep 
and NREM sleep.

Tic 
Disorders

Voderholzer et 
al115

1997 TS (7)
HC (7)

Two nights of PSG 5/7 showed frequent PLMS in NREM and total sleep time significantly 
lower in TS group (p<0.05).

Tic 
Disorders

Cohrs et al116 2001 TS (25); adults
HC (11)

v- PSG over two 
consecutive nights

Patients with TS showed reduced sleep efficiency, total sleep time/
time in bed, and percentage of slow wave sleep, as well as significantly 
prolonged sleep latency, significantly increased percentage of N1, 
percentage of time awake, and increased number of awakenings and 
sleep stage changes/hour sleep period time.

Tic 
Disorders

Kostanecka- 
Endress et al117

2003 TS (17); children
HC (16)

Two nights of PSG, CBCL 
sleep items (parent), semi 
structured interview with 
parents and patients

Children with TS demonstrated longer sleep period time, longer sleep 
latency, reduced sleep efficiency and prolonged wakefulness after sleep 
onset. Short arousal- related movements were increased in TS.

Tic 
Disorders

Kirov et al89 2007 TS (18)
TS+ADHD (18)
ADHD (18)
HC (18)

Two nights of PSG TS patients had lower sleep efficiency and elevated arousal index in 
sleep. TS+ADHD patients had reduced sleep efficiency, elevated arousal 
index and increase in REM sleep.

Tic 
Disorders

Kirov et al118 2007 TS+ADHD (19)
HC (19)

Two nights of PSG Shorter REM sleep latency and increased REM sleep duration in patients 
with TS+ADHD.

Tic 
Disorders

Stephens et al88 2013 TS (20)
TS+ADHD (21)
HC (16)
ADHD (33)

Two nights of
PSG, respiration belt

Total no of leg movements higher in TS+ADHD group compared with 
TS only. Children with TS and ADHD had a significant higher number of 
arousals from slow wave sleep and total arousals.
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Antidepressants and antipsychotics
Trazodone, a serotonin antagonist and reuptake inhibitor, 
is licensed for use in the treatment of insomnia in some 
countries. While there are no studies which evaluate its ther-
apeutic use for sleep disorders within the PD population, 
effective doses within animal models alleviate dyskinesia 
and psychosis, but appear to cause sedation.44 Other atyp-
ical antidepressants including mirtazapine can be effective 
for insomnia due to potent antihistamine effects but have 
also been reported to induce or aggravate RBD symptoms in 
PD cohorts, while use of doxepin in those with PD demon-
strated substantial improvements to insomnia, sleep quality 
and fatigue. Commonly used for the management of hallu-
cinations and delusions, quetiapine, clozapine and pima-
venserin are not typically associated with the worsening of 
motor symptoms in movement disorders. While quetiapine 
leads to improvements in PD- related psychosis, it has not 
been shown to impact disturbances to sleep architecture. In 
contrast, preliminary data relating to pimavanserin (a novel 
5- HT2A agonist) suggests improvements to nocturnal symp-
toms without worsening daytime sedation.45 Finally, while 
there are no RCTs, clonazepam remains widely used in the 
treatment of RBD, in doses from 0.5 to 2 mg, although side 
effects of sedation at higher doses can be problematic.

Sleep disorders in DLB and the impact of motor disease treatment 
on sleep
Fluctuating levels of alertness and REM sleep behaviour 
disorder form core diagnostic criteria for DLB, while PSG 
evidence of loss of REM atonia also forms a supportive diag-
nostic biomarker. RBD in DLB, is often experienced several 
years before the onset of cognitive decline with PSG studies 
indicating rates of RBD in DLB to be as high as 71%.46 
Case–control studies have also identified higher levels of 
PLMS, with sleep architecture abnormalities evident in 75%, 
predominantly in the form of RWA (44%).46 Cholinesterase 
inhibitors (galantamine, donepezil and rivastigmine) used to 
treat cognitive decline in DLB have been shown to improve 
sleep quality, reduce fragmented sleep and reduce nocturnal 
activity.47 48

Sleep disorders in MSA
Sleep disorders are also well documented for MSA. In brief, 
particularly high rates of RBD are reported (64%–100%), with 
76% (n=21) of one study reporting onset prior to their motor 
symptoms.49 Respiratory stridor is also well recognised, as well 
as being associated with more severe disease progression and 
sudden death. Case–control studies have identified increased 
rates of OSA and AHI levels >5, compared with controls with 
continuous positive airways pressure (CPAP) improving stridor 
and sleep apnoea.50 Disruption to subcortical serotonergic 
neurotransmission is considered to be a key pathophysiological 

contributor, with depletion of the serotonergic innervation of 
the raphe nuclei and neurodegeneration of regions involved in 
respiratory regulation—the brainstem ventral arcuate nucleus 
and pre- Bötzinger complex cells—considered central in 
pathogenesis.

REM sleep behaviour disorder in α-synuclein disorders
As outlined above, RBD is a recognised early clinical manifesta-
tion among the α-synucleinopathies; PD, MSA and DLB, often 
preceding disease onset by several years and representing a key 
prodromal marker.51 Several imaging studies of those with iRBD 
have identified changes in multiple brainstem structures, namely 
the PPN, SLD and LDT region, with those without changes in 
these regions not observed to later develop PD.52

Sleep disorders in PSP
Studies to date suggest at least 60% of patients diagnosed with 
PSP report sleep disturbance, with insomnia being the domi-
nant symptom. RBD and RWA also occur, but at lower rates 
(5%–13%) than that seen in PD, with this not seeming to 
antedate motor disease onset.53 Imaging studies show degen-
eration of REM- promoting structures, including the PPN and 
pontine tegmentum, as the likely cause.54 A recent study also 
reported that patients diagnosed with PSP with Lewy type alpha- 
synucleinopathy were more frequently diagnosed with probable 
RBD compared with those with PSP without Lewy pathology.55

Sleep disorders in CBS
Two small PSG studies reported sleep disorders in all of the 
patients involved, these included PLMS and/or RLS and sleep 
related breathing disorders including OSA and CSA. Alter-
ations to sleep architecture were also observed, with patients 
showing decreases in sleep maintenance, total sleep time and 
RWA.56 57Although no studies have reported narcolepsy in CBS, 
there is evidence of reduced hypocretin in cerebral spinal fluid 
(CSF) compared with those with PD.58

Neurodegenerative trinucleotide repeat disorders
Sleep disorders in HD
While sleep disturbance is a frequent complaint, with at least 90% 
of carers describing poor sleep, it remains less well characterised due 
to motor and psychiatric symptoms often dominating, as well as a 
lack of patient insight. Approximately two- thirds of patient cohorts 
report insomnia, describing difficulty falling asleep and maintaining 
sleep, with PSG showing increased sleep fragmentation, decreased 
N3 and REM compared with controls. Insomnia is often present 
early in disease, as well as being reported in premotor manifesting 
HTT carriers, and increasing with disease progression.59 Reduced 
REM sleep (n=30) has also been shown to be inversely correlated 
with motor symptom severity (p<0.05), with cognitive impairment 

Disorder Author Year Cohort Assessment Outcome

Tic 
Disorders

Kirov et al119 2016 TS (21)
ADHD/TS (21)
ADHD (24)
HC (22)

Two nights of PSG Increased REM sleep and shorted REM latency in children with 
psychiatric disorders than controls.

ADHD, attention- deficit/hyperactivity disorder; BDI, Beck’s Depression Inventory; CD, cervical dystonia; DRD, dopamine- responsive dystonia; EMG, electromyography; ESS, Epworth 
Sleepiness Scale; FEPS-2, Sleep- related Personality Traits Questionnaire; HC, healthy control; HPD, Hereditary Progressive Dystonia; NREM1/2/3, Non- Rapid Eye Movement Sleep 
stages; PLMS, Periodic Limb Movement during Sleep; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index; RBD, Rapid Eye Movement sleep Behaviour Disorder; REM, 
Rapid Eye Movement Sleep; RLS, Restless leg syndrome; TD, torsion dystonia; TS, Tourette’s syndrome; v- PSG, video polysomnography.
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also implicated in the exacerbation of sleep disorders and altered 
sleep structure.27

Patients with HD also demonstrate strikingly abnormal circa-
dian rhythms with both a delayed and irregular phase to sleep, with 
evidence from actigraphy monitoring, as well as abnormal melatonin 
and cortisol profiles. These changes are also consistently observed 
in animal models of disease, and are attributed to degeneration of 
the suprachiasmatic nucleus, hypothalamus and striatum.60 61 They 
can also occur early in the condition and are associated with higher 
levels of cognitive impairment and anxiety.62 Human postmortem 
studies have shown a loss of orexin- releasing neurons in individuals 
diagnosed with HD, while transgenic HD mouse models suggest that 
changes to SCN circuitry are central in driving circadian disruption.60

Sleep in relation to the treatment of HD
Tetrabenazine, a monoamine reuptake inhibitor, is often used in 
the management of chorea associated with HD although daytime 
sleepiness is a commonly reported side effect. A study examining the 
effect of quetiapine (a partial D2 receptor antagonist) in those with 
HD found amelioration of their symptoms of insomnia, without any 
worsening of motor function.63

Sleep disorders in the SCA
A broad spectrum of sleep disorders is described among the SCAs, 
potentially representing widespread brain degeneration beyond 
the cerebellum. However, technical difficulties exist in measuring 
REM in those who have developed impaired eye movements and 
saccades, with this likely accounting for some of the previous reports 
of abnormal or absent REM sleep. Individuals with SCA2 mutations 
often report good sleep quality but have abnormal PSG, including 
reduced N3 sleep and REM sleep.64 NREM sleep appears to be the 
stage most severely affected in those with SCA3 and SCA6 muta-
tions, with increased arousals from slow wave sleep and increased 
WASO.65 66 In contrast, a study of SCA10 patients found changes 
predominantly in REM sleep, including an increased number of 
REM sleep arousals.67

Overall, low rates (0%–10%) of PLMS have been noted in those 
with SCA1 and SCA6 mutations, while higher rates and symp-
tomatic RLS are more often seen in SCA3 cohorts (77%).66 RLS 
is thought to reflect the basal ganglia involvement, with functional 
imaging supporting reduced striatal dopamine transporter activity in 
this region. Further investigation of the postsynaptic dopaminergic 
system has shown progressive loss of D2 receptors in the caudate, 
dorsal putamen and ventral striatum.68

Sleep- related breathing disorders have been identified in those 
with SCA2 and SCA6 mutations, including an increased CSA index 
(events/h=0.97) and AHI (p=0.022) in those with SCA2 mutations, 
and increased CSA events during sleep (p=0.024) and oxygen desat-
urations (p=0.03) in those with SCA6 mutations.66 The underlying 
causative mechanisms remain unknown, although vocal paralysis 
and dysphonia in combination with neurodegeneration of the supra-
medullary pathway and brainstem neurons have been proposed.69

Sleep disorders in WD and the impact of motor symptom treatment 
on sleep
Two video- PSG case–control studies have reported abnormal sleep 
architecture, with REM stages predominantly affected and a third 
demonstrating objective daytime sleepiness on MSLT and cataplexy- 
like epsiodes.70 71 There is some limited evidence for higher rates 
of RLS among those with WD compared with the general popula-
tion, with 31% of a single cohort (n=42) meeting diagnostic criteria, 
and subsequent PSG demonstrating increased PLMS compared with 
controls (p=0.009).72 Although in a single case report, D- penicil-
lamine resolved complaints of hypersomnia, while a case–control 

study identified higher rates of probable RBD found in those treated 
with D- penicillamine.71 73

Sleep disorders in NPC
The heterogeneous and non- specific clinical presentation of NPC 
challenges its diagnostic process, although secondary cataplexy is an 
important and discriminatory clinical feature. A single, small (n=5) 
PSG study has been performed to date, with evidence of reduced 
total sleep time (p<0.01), sleep efficiency (p<0.001), shorter sleep 
latency (p<0.01), increased (WASO, p<0.05) and decreased REM 
sleep (p<0.05).74 Reduced CSF hypocretin levels were also observed 
compared with controls, a feature also seen in narcolepsy and cata-
plexy, and consistent with hypothalamic dysfunction (figure 2C).74

Sleep disorders in anti-IgLON5 and the impact of disease treatment 
on sleep
IgLON5 is a recently described disorder in which sleep disturbance is 
pronounced, as well as gait instability and movement disorders. The 
underlying aetiology of this disorder is thought to be a combination 
of neuroinflammation and neurodegeneration, with postmortem 
evidence of hyperphosphorylated tau deposition.75 The sleep 
disorders described include REM and NREM sleep parasomnias, 
sleep- disordered breathing, namely stridor and obstructive apnoea, 
insomnia and hypersomnolence. Three PSG studies have identi-
fied altered sleep architecture, with evidence of undifferentiated 
NREM sleep and poorly structured N2 associated with abnormal 
behavioural manifestations.76–78 Treatment of IgLON5 with intrave-
nous steroids show normalised sleep onset and N1 and N2 stages, 
although marked abnormal sleep reremerged 3 months later in spite 
of additional immunotherapy.78

Sleep disorders in dystonia
Disturbances to sleep have been reported in 40%–70% of dystonia 
cohorts, with insomnia and abnormal movements during the sleep 
(eg, RLS) most commonly described, although several studies 
have also reported few or no disturbances to sleep.79 80 A probable 
contributory role of the common psychiatric comorbidities (depres-
sion and anxiety in particular) to these sleep- related symptoms, is 
also likely and important to bear in mind. As such, varying changes 
in sleep architecture have been observed in distinct types of isolated 
idiopathic dystonia with PSG recordings of individuals with cervical 
dystonia (n=22), blepharospasm (n=3), Meige Syndrome (n=7) and 
in combined genetic forms, such as GCH1 mutation positive dopa- 
responsive dystonia (n=6), showing increased N1 phase (NREM) 
duration and reduced REM periods, compared with controls.79 81

Sleep in relation to the treatment of dystonia
Levodopa has been shown to benefit sleep in those with GCH1 
mutation positive dopa- responsive dystonia, reducing rates of exces-
sive daytime sleepiness, although also reducing total REM sleep.82 
Trihexyphenidyl has been reported to increase wakefulness and 
decrease REM sleep, however, the drowsiness experienced at lower 
doses has limited its clinical use. Benzodiazepines are also often 
used in the management of dystonia, and as traditional hypnotics 
they decrease sleep latency but also suppress slow- wave sleep, 
lengthen REM sleep latency and can cause habituation with rebound 
insomnia. Also sometimes used, is gabapentin, an alpha 2 delta ligand 
that increases slow wave sleep, although when used during the day 
can be associated with drowsiness, fatigue and sedation. However, 
in children diagnosed with dystonia, gabapentin has been shown to 
reduce motor symptoms severity (n=69), as well as improve sleep 
quality and duration (p<0.01).83

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jnnp.bm

j.com
/

J N
eurol N

eurosurg P
sychiatry: first published as 10.1136/jnnp-2020-325546 on 19 M

arch 2021. D
ow

nloaded from
 

http://jnnp.bmj.com/


733Bailey GA, et al. J Neurol Neurosurg Psychiatry 2021;92:723–736. doi:10.1136/jnnp-2020-325546

Movement disorders

Sleep disorders in ET
Sleep disturbances in ET are milder than those seen in PD, with a 
single PSG- based study showing few objective changes compared 
with controls, in contrast to those with PD, although examination 
of the phenotypic heterogeneity among the ET cohort found that 
those PSG changes observed were most prominent in those with 
mild cognitive impairment.84 A recent review, although using ques-
tionnaire only data, describes excessive daytime somnolence, RLS, 
insomnia and nocturia to be frequently reported by patients diag-
nosed with ET.85 Once again, psychiatric comorbidities (anxiety in 
particular) likely play some role in contributing to the symptoms 
described.

Sleep in relation to the treatment of ET
Commonly used in the treatment of ET, beta- blockers often cause or 
worsen nightmares and restless legs, with 12 studies to date reporting 
rates of sleep disturbance between 12% and 60%.86 Primidone has 
also been reported to have sedative side effects, including daytime 
sleepiness and tiredness (50%), often resulting in discontinuation of 
treatment (27%). As described above, gabapentin, also sometimes 
used in the management of tremor, carries with it side effects that 
include drowsiness, fatigue and sedation.

Sleep in TS
Many with TS have both insomnia and increased movements at 
night, during both REM and NREM stages, with studies of those 
with comorbid attention deficit hyperactivity disorder (ADHD) 
reporting rates of sleep disorders to be as high as 80%.87 Compar-
ison with healthy controls has shown significant reductions in sleep 
efficiency (p<0.05) and total sleep time (p<0.01), while sleep 
latency (p<0.05) and WASO (p<0.001) were increased. In contrast, 
changes to the REM portion of sleep has varied between studies, 
with some reporting reduced periods (n=18/34), while others 
show increased or comparable levels to controls.88 Other studies 
have sought to separate TS patients with and without symptoms of 
ADHD, with reduced REM sleep latency and increased REM sleep 
observed in both groups, while those with ADHD symptoms also 
had evidence of insomnia, RLS/PLMS and NREM parasomnias.89 
Interestingly, variants in the orexin-2/hypocretin-2 (OX2R) receptor 
gene, mutated in canine narcolepsy, have also been found to be 
present in those diagnosed with TS.90

Sleep in relation to the treatment of TS
Although in only a small cohort of patients with tics (n=3), abnormal 
NREM sleep and sleep apnoea resolved in two when treated 
with tetrabenazine.91 A recent review article also noted that those 
treated with antipsychotics (risperidone, aripiprazole and tiapride) 
were more likely to experience somnolence, sedation and sleep 
disturbance.92

Challenges in the field
As outlined above, increasing data suggests sleep disorders to be 
prevalent across the spectrum of movement disorders, although 
much of this work is limited by small, heterogenous cohorts. Larger 
studies often involve questionnaire- based assessments alone, while 
those that do involve PSG measurements vary in their approach with 
differences in single night versus multinight assessments. The night- 
to- night variability typical of all sleep patterns questions the validity 
of single- night studies, particularly those undertaken in unfamiliar 
environments. To counter this, portable devices are now widely used 
in the home setting, allowing longer periods of monitoring. Further 
work with these non- laboratory- based techniques is needed in order 

to establish more robust normative values on an individual and 
disorder- specific level.

While motor symptoms are usually considered as the first cause 
of sleep disturbance (eg, dystonia in PD), it is important to recognise 
that comorbidities such as mood disorders and pain also have the 
potential to impact sleep. The relationship between depression and 
disturbed sleep is complex and bidirectional, for example, insomnia 
may be a direct result of depression or secondary to the movement 
disorder. Although few studies have addressed this issue, some 
have reported more impaired sleep (sleep maintenance insomnia) 
in patients with PD and depression than those without depression. 
Treatment of anxiety and depression should be managed as effec-
tively as possible and may help consolidate the sleep/wake cycle.

Another important area for future understanding, and a poten-
tial avenue for therapeutic intervention is the glial- lymphatic glym-
phatic) pathway, a highly organised fluid transport system moving 
cerebrospinal fluid (CSF) from the subarachnoid space to the peri-
parenchymal interstitial fluid (ISF).93 Murine studies have shown 
that glymphatic function increases during the sleep, allowing for 
clearance of metabolic by products. Several studies have demon-
strated that during disrupted or impaired sleep, these processes 
do not have sufficient time for normal clearance, leading to the 
accumulation of metabolites with subsequent impact on cognition 
and behaviour. Protein aggregates found in the glymphatic system 
include alpha- synuclein, as well as amyloid β observed in Alzheimer’s 
disease. Dopamine and norepinephrine also appear to contribute to 
regulating ISF flow within the glymphatic system, resulting in feed- 
forward enhanced neurotransmission increasing dopamine and 
norepinephrine neurotransmission during wake states.94

Assessment and treatment considerations
A detailed discussion of the management of different sleep disor-
ders is beyond the scope of this review, and only general guidelines 
are provided. An initial clinical history from both patient and bed 
partner wherever possible, alongside simple questionnaires, often 
allows good differentiation of many sleep disorders. Consideration of 
the impact of motor symptom onset, severity and prescribed medica-
tion is also important. Comorbid medical conditions that may cause 
or contribute to sleep disorders should be considered, for example, 
primary treatment of psychiatric disorders may improve sleep- related 
symptoms. Sleep hygiene should be reviewed (eg, caffeine use) and 
simple behavioural interventions considered in the first instance. 
Cognitive Behavioural Therapy (CBT) is recommended as standard 
therapy for the long- term management of insomnia, with digital 
forms of this treatment becoming increasingly available to broaden 
access and availability. Pharmacotherapy is effective in the treatment 
of moderate or severe RLS, with several clear treatment algorithms 
available, while extensive evidence supports the use of CPAP in the 
management of OSA, again aided by standardised therapy guidelines.

CONCLUSION
This review demonstrates that many patients with movement disor-
ders also experience symptoms related to sleep disorders. Dysfunc-
tion of the medulla, raphe nuclei, pons and basal ganglia potentially 
form a shared underlying mechanism for both motor and sleep 
pathophysiology. For some, there are specific patterns to the sleep 
problems but for many, changes to sleep are multifactorial, involving 
medication side effects, motor and non- motor symptoms, suggesting 
the need for a systematic approach to assessment. Further work is 
needed to better understand the aetiology of sleep disturbances across 
distinct movement disorders in order to facilitate more targeted and 
effective therapeutic strategies, and to understand whether targeting 
poor sleep leads to clear improvements in motor outcomes. Future 
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studies should be directed towards combining limited PSG assess-
ment with far wider application of wearable or mobile home devices 
in order to identify robust digital biomarkers of utility in diagnosis 
and symptomatic monitoring.
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Supplementary Table 1. Subjective and objective assessment measures and abbreviations of sleep questionnaires 

Diagnostic Tool Abbreviation Measure 
Questionnaires   

Athens Insomnia Scale AIS Insomnia symptoms 

Basic Nordic Sleep Questionnaire BNSQ Sleep quality, medication use, daytime sleepiness, napping, 

snoring and general sleep habits 

Berlin Questionnaire BQ Sleep apnea diagnosis 

Bologna Questionnaire  Questions concerning excessive daytime sleepiness 

Child Behaviour Checklist CBCL Completed by parents to detect behavioural problems 

Epworth Sleepiness Scale  ESS Daytime sleepiness 

Fatigue Questionnaire  FQ Fatigue severity 

Fatigue Severity Scale  FSS Impact of fatigue 

Functional Outcomes of Sleep Questionnaire  FOSQ Assess impact of daytime sleepiness on activities 

Insomnia Severity Index ISI Impact and severity of Insomnia 

John Hopkins Restless Leg Syndrome Severity Scale JHRLSSG Clinical scale assessing severity of restless leg syndrome 

Mayo Sleep Questionnaire  MSQ Screens for RBD, PLMD, RLS, OSA, sleep walking and sleep-

related leg cramps 

Modified Fatigue Impact Scale  MFIS Fatigue impact 

Modified Simonds and Parraga Sleep Questionnaire MSPSQ Used to characterise sleep disturbances in young children 

Morningness-eveningness Questionnaire  MEQ Circadian rhythm 

Multidimensional Fatigue Inventory MFI 20-items designed to measure fatigue 

Multidimensional Fatigue Symptom Inventory MFSI 30 statements designed to assess fatigue by indicating the extent 

of symptoms experienced over a one-week period 

Non-Motor Symptoms Questionnaire NMSQuest Assesses non-motor symptoms in Parkinson’s Disease including 

sleep disturbances such as nocturia, sleep initiation and 

maintenance, vivid dreams, RBD and RLS 

Non-Motor Symptoms Scale for Parkinson’s Disease NMSS Measures the severity and frequency of non-motor symptoms 

across nine domains including sleep/fatigue 

Pittsburgh Sleep Quality Index  PSQI Sleep quality over a one-month interval 

Parkinson’s Disease Sleep Scale  PDSS Sleep disruption amongst PD patients 

Parkinson’s Disease Fatigue Scale  PFS Fatigue and its impact on daily function amongst PD patients 

REM Sleep Behaviour Disorder Screening Questionnaire  RBDSQ RBD diagnosis 

SCOPA-Sleep  Night-time sleep and daytime sleepiness for use amongst PD 

patients 
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Sleep Diary  Records sleep patterns and habits that can be useful in 

diagnosing sleep disorders 

Sleep Disorders Questionnaire  SDQ Measures sleep disturbance and sleep habits aimed to identify 

those at high risk of a sleep disorder (sleep apnea, narcolepsy, 

psychiatric disorders and periodic limb movement disorder) 

Sleep Disturbance Scale for Children SDSC Evaluates sleep among children aged 13-18 years, differentiating 

disorders of sleep initiation and maintenance, sleep breathing 

disorders, disorders of arousal, sleep-wake transition disorders, 

excessive somnolence, and sleep hyperhidrosis 

Stanford Sleepiness Scale SSS Quantifies sleepiness 

STOP-Bang  Screens for OSA 

The Sleep Disorders Questionnaire for HD  HDSQ Evaluates sleep quality, motor activity, abnormal motor 

behaviour during sleep and other sleep disorders 

Ullanlinna Narcolepsy Scale UNS Evaluate a variety of symptoms relating to narcolepsy 

Assessment Tools   

Apnea-Hypopnea Index AHI A measure of the number of apneas (pauses in breathing) or 

hypopneas (periods of shallow breathing) recorded during sleep. 

An AHI rating of <5 is considered normal 

Maintenance of Wakefulness Test MWT A tool used measure ability to stay awake and alert during the 

daytime 

Multiple Sleep Latency Test MSLT A diagnostic tool used to measure the time taken to fall asleep 

during a daytime nap. 15 to 20 minutes is considered normal 

Periodic Limb Movements Index PLMI Use to calculate the number of limb movements per hour during 

sleep. An index of <5 is considered normal 

Polysomnography PSG An overnight sleep study used to diagnose sleep disorders 

through the use of electroencephalogram 
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eSupplementary Table 2: Case Reports of sleep disturbance in movement disorders  

Disorder Author Year Cohort Assessment Outcome 

Parkinsonism Tracik et al.1 2001 PD (1) 48 hours of continuous PSG, MSLT PLMS and MSLT were normal, patient presented with irresistible sleep onset and 

‘sleep attacks’ marked with K-complexes 

Parkinsonism Cormican et al.2 2004 MSA (1) Thoracic and abdominal strain-

gauge impedance plethysmogram 

Presence of CSA 

Parkinsonism Suzuki et al.3 2010 MSA (1) Overnight PSG Complex SBD, central apnea emerged. No RBD or RLS 

Parkinsonism Tachibana et al.4 2004 MSAS (1) One night of PSG longitudinally 

over three years 

Abnormal movements were observed during RWA. Sleep architecture including 

NREM/REM cycle was intact, although sleep spindles became scarcer in the third PSG. 

The percentage of REM sleep (including RWA) in total sleep time remained almost the 

same (11.9, 21.2, 16.3%), but the ratio of RWA to the whole of REM sleep increased 

(75.8, 84.7, 100%) 

Parkinsonism Garcia-Sanchez et al.5 2016 MSA (1) PSG, ESS Reduced REM sleep and sleep efficiency, normal ESS, presence of CSA 

Parkinsonism Moccia et al.6 2015 PSP (1) IRLSSG, PSQI, ESS RLS diagnosis was fulfilled, impaired sleep quality (10) and EDS (13) 

Parkinsonism Tateno et al.7 2011 PSP (1) EMG Presented with OSA 

Parkinsonism Lee8 1991 PSP (1) PSG PSG revealed fragmented sleep architecture, very little SWS and REM sleep and central 

apnea 

Parkinsonism Iriarte et al.9 2001 CBD (1) v-PSG  Nocturnal recordings identified frequent periodic movements – PLMS was 30 

Parkinsonism Kimura et al.10 1997 CBD (1) Overnight PSG RWA was observed with vocalisations. No sleep disordered breathing 

Parkinsonism Wetter et al.11 2002 CBD (1) Overnight PSG with an interval of 

13 months 

PSG found RWA and high periodic leg movements in the upper (32) and lower (16) 

extremities. Reduced SWS 

Huntington’s 

Disease 

Evers et al.12 2003 HD (1) PSG with PLMS index RLS was found in a family with HD. Family reports revealed some members had RLS 

and not HD. Patient had a PLMS index of 10 

Huntington’s 

Disease 

Savva et al.13 2009 HD (1) PSG, IRSLLG Complaints of daytime sleepiness. PSG confirmed presence of PLMS and suggested 

that RLS may be an early feature in some HD patients 

Huntington’s 

Disease 

Banno et al.14 2005 HD (1) Overnight PSG, ESS OSA during REM sleep – AHI was 6.6 per hour. ESS score was 8 

SCA 

 

Shindo et al.15 2019 SCA 31 (1) Overnight PSG RWA determined by PSG and husband reported patient talking loudly during sleep 

SCA Ghorayeb et al.16 2005 SCA3 (1) Overnight PSG Abnormal movements occurred during NREM postulated as a parasomnia. PLM were 

not disclosed by PSG.  

SCA Fukutake et al.17 2002 SCA3 (1) Overnight PSG Patient reported severe insomnia. PSG showed decreased rates of sleep time and REM 

stage 

SCA 

 

Kapoor et al.18 2015 SCA 13 (1) Overnight PSG Significantly elevated PLMI, mild OSA and absence of REM sleep, diagnosis of insomnia 

Wilson’s Disease Firneisz et al.19 2000 WD (1) PSG Hypersomnia was confirmed by PSG 

Wilson’s Disease Amann et al.20 2015 WD (1) PSG, MSLT, ESS Patient had an ESS of 13. PSG did not show any abnormalities. The MSLT confirmed 

diagnosis of hypersomnolence  
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IgLON5 Högl et al.21 2015 IgLON5 (1) v-PSG OSA (14.6/h) and stridor was observed. PSG showed increased REM sleep and muscle 

tone 

IgLON5 Simabukuro et al.22 2015 IgLON5 (1) PSG PSG detected OSA 

NBIA Gore et al.23 2016 MPAN (1) Clinical evaluation Sleeping 14 hours a day and developed RBD 

NBIA Long et al.24 2015 BPAN (1) Clinical evaluation Described as a restless sleeper but sleep evaluation was normal 

NBIA Ohba et al.25 2014 BPAN (1) Clinical evaluation Sleep disturbances were unobserved 

NBIA Endo et al.26 2017 BPAN (1)  Clinical evaluation Showed symptoms of sleep problems 

NBIA Paudel et al.27 2015 BPAN (1) Clinical review Patient presented with disturbed sleep with early morning awakening 

NBIA Yoganathan et al.28 2016 BPAN (1) EEG, clinical evaluation Circadian rhythm sleep disorder with fragmented sleep 

NBIA Hoffjan et al.29 2016 BPAN (1) EEG, clinical evaluation Sleep pattern appeared not to be disturbed 

NBIA Guk et al.30 2019 PKAN (1) PSG Patient presented with symptoms of OSA, AHI of 16.2/h. AHI was markedly higher 

during REM sleep (31.4/h). Patient had no PLMS or parasomnia 

Tic Disorders Trajanovic et al.31  2004 TS (1)  Longitudinal case report 4yrs,  

PSG (1999 + 2002)  

Report of REM and non-REM parasomnia and PLMS in this patient  

Key: AHI: Apnea Hypopnea Index, BPAN: Beta-propeller protein-associated neurodegeneration, CBD: Corticobasal Degeneration, CSA: Central Sleep Apnea, EDS: Excessive daytime sleepiness, 

EEG: Electroencephalogram, EMG: Electromyography, ESS: Epworth Sleepiness Scale, HD: Huntington’s Disease, IRLSSG: International Restless Legs Syndrome Study Group, MPAN: 

Mitochondrial membrane protein-associated neurodegeneration, MSA: Multiple System Atrophy, MSLT: Multiple Sleep Latency Test, NBIA: Brain Iron Accumulation Disorders, OSA: 

Obstructive Sleep Apnea, PD: Parkinson’s Disease, PKAN: Pantothenate kinase-associated neurodegeneration, PLMS: Periodic Limb Movements during Sleep, PSG: Polysomnography, PSP: 

Progressive Supranuclear Palsy, PSQI: Pittsburgh Sleep Quality Index, RBD: REM sleep behaviour disorder, REM: Rapid Eye Movement Sleep, RLS: Restless Leg Syndrome, RWA: REM sleep 

without atonia, SBD: Sleep Breathing Disorders, SCA: Spinocerebellar Ataxia, SWS: Slow Wave Sleep, TS: Tourette’s Syndrome, WD: Wilson’s Disease. 
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eSupplementary Table 3: Smaller case series of sleep disturbance in movement disorders 

Disorder Author Year Cohort  Assessment Outcome 

Parkinsonism Tison et al.1 1995 MSA (2) PSG RBD preceded other symptoms and signs of disease. PSG showed little N1 and N2 in one patient 

Parkinsonism Vetrugno et al.2 2009 MSA (2) One night of PSG Documented status dissociatus. During disease progression RBD diminished but sleep became 

more abnormal, suggesting the potential progression of RBD into SD  

Parkinsonism Vetrugno et al.3 2007 MSA (3) One night of PSG All patients had paradoxical breathing during sleep, increased WASO, reduced sleep efficiency and 

RBD. One patient had RLS with PLMS 

Parkinsonism Hamada et al.4 2015 MSA (2) 

 

PSG 

 

Both diagnosed with OSA 

Parkinsonism Infante et al.5  2019 CBD (3) v-PSG Mean atonia index was reduced, dystonia and myoclonus persistent during sleep  

Parkinsonism Roche et al.6 2007 CBD (5) Overnight PSG, 

MSLT, PSQI, ESS 

All five patients had insomnia, four had PLMS, and two had sleep disordered breathing (OSA and 

CSA, and upper airway resistance syndrome). PSQI was abnormal in all patients. RBD or EDS was 

not reported  

Spinocerebellar 

Ataxia 

Dang et al.7 2010 SCA1 (2) PSG, MSLT, ESS PSG showed moderate OSA in Case 1. Case 2 presented with EDS and a mean sleep latency of 5 

minutes on the MSLT 

Spinocerebellar 

Ataxia 

Boesch et al.8 2006 SCA6 (5) from 3 

families 

IRLSSG, two nights 

of PSG 

40% reached the criteria for RLS. Increased PLMS index in 80% of patients.  

Spinocerebellar 

Ataxia  

Hsu et al.9 2016 SCA2 (3) from 

one family 

PSG, ESS, clinical 

interview to 

determine 

insomnia 

All cases had snoring and EDS. RLS and RBD detected in one case. Insomnia and EDS significantly 

improved with use of antidepressants 

IgLON5 Gaig et al.10 2019 IgLON (5) v-PSG, MSLT and 

actigraphy 

Stridor, OSA and RBD were present in all five patients. Movements in all five patients was 

frequently observed, mostly during N2 and REM sleep. MSLT showed altered sleep initiation  

DRPLA Licht et al.11 2002 DRPLA (3) Clinical 

examinations 

Severe OSA was reported in two cousins  

DRPLA Kim et al.12 2018 DRPLA (5) PSG PSG evaluation showed that the patient and his daughters presented with RWA and to various 

degrees RBD, reduced sleep efficiency and increased PLMS. They had no respiratory related sleep 

problems 

DRPLA Miyamoto et 

al.13 

1996 DRPLA (2) PSG PSG revealed an increased percentage of slow wave sleep in both patients (30.2% and 70.4%), 

with sleep spindles occurring in N3. Sleep apnea was not observed 

Wilson’s Disease Tribl et al.14 2014 WD (4) v-PSG RBDQ-HK, 

RBDSQ, MSQ, PSQI, 

ESS, BDI  

RBD presented as an initial symptom in three of the four cases  

Neuroacanthocytosis Hori et al.15 1985 NA (2) PSG PSG recordings were characterised by high voltage slow activity during REM, with increased 

number of awakenings and decreased slow wave sleep. One patient had an average of 40 

episodes of predominantly central apnea per night 

Neuroacanthocytosis Dolenc-Grošelj 

et al.16 

2005 ChAc (2) PSG Sleep apnea, RLS or PLMS were not detected. Increased latency was detected in one patient. 

Arousals were frequent and sleep efficiency was low. REM sleep was decreased with a prolonged 

latency in both patients 
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Neuroacanthocytosis Weaver et al.17 2019 MLS (5) PSG A retrospective review, which found that three cases had severe OSA confirmed by PSG.  

Neuroacanthocytosis Ghorayeb et 

al.18 

2008 ChAc (3) 

MLS (2) 

PSG, ESS Mean total sleep time was globally reduced, but mean sleep latency was within normal range. 

WASO was relatively high and median sleep efficacy was reduced. V-PSG revealed reduction of 

abnormal movements during sleep, RBD was not observed. Only one patient had abnormal ESS 

score and MSLT, and OSA 

NBIA Illingworth et 

al.19 

2014 PLAN (5) Clinical reviews, 

respiratory sleep 

study 

When lights were on at night, patients presented with CSA 

NBIA Blake et al.20 2016 PLAN (2) Clinical review A sleep study showed one patient had central and OSA 

NBIA Bohlega et al.21 2016 PLAN (4); two 

families (early 

onset 

parkinsonism) 

Clinical evaluation One presented with RBD, and all four had unspecified sleep disorders and three had sleep 

fragmentation 

NBIA Chard et al.22 2019 BPAN (3) Clinical evaluation One patient had difficulty with sleep and frequent night-time awakenings. A second case had 

difficulty sleep and wakes frequently throughout the night 

NBIA Verhoeven et 

al.23 

2014 BPAN (3) EEG, clinical 

evaluation 

One patient showed sleep disturbances and nightly incontinence 

NBIA Fantini et al.24 2010 PKAN (3) v-PSG Reduced total sleep time was seen in two patients with low sleep efficiency. Percentage of N3 was 

normal to elevated in two patients and absent from one patient. None had apnea (AHI <5). One 

patient showed mild PLMS, exclusively to NREM. No EMG activity was observed in NREM  

Tic Disorders Müller et al.25  1994 TS+RLS (1)  

RLS (2)  

PSG Mother and son both showing RLS with son also having TS 

Key: AHI: Apnea Hypopnea Index, BDI: Beck’s Depression Inventory, BPAN: Beta-propeller protein-associated neurodegeneration, CBD: Corticobasal Degneration, ChAc: Chorea-

Acanthocytosis, CSA: Central Sleep Apnea, DRPLA: Dentatorubral-pallidoluysian atrophy, EDS: Excessive Daytime Sleepiness, EEG: Electroencephalogram, EMG: Electromyography, ESS: 

Epworth Sleepiness Scale, IRLSSG: International Restless Legs Syndrome Study Group, MLS: McLeod’s Syndrome, MSA: Multiple System Atrophy, MSLT: Mean Sleep Latency Test, MSQ: Mayo 

Sleep Questionnaire, N3: Non-Rapid Eye Movement Sleep stage 3, NA: Neuroacanthocytosis, NBIA: Brain Iron Accumulation Disorders, NREM: Non-Rapid Eye Movement Sleep, OSA: 

Obstructive Sleep Apnea, PD: Parkinson’s Disease, PLAN: PLA2G6-associated neurodegeneration, PLMS: Periodic Leg Movements during Sleep, PKAN: Pantothenate kinase-associated 

neurodegeneration, PSG: Polysomnography, PSP: Progressive Supranuclear Palsy, PSQI: Pittsburgh Sleep Questionnaire Index, RBD: REM-sleep Behaviour Disorder, RBDSQ: REM Sleep 

Behavior Disorder Screening Questionnaire, RBDQ-HK: REM Sleep Behavior Disorder Screening Questionnaire Hong Kong version, RLS: Restless Leg Syndrome, RWA: REM-sleep Without 

Atonia, SCA: Spinocerebellar Ataxia, TS: Tourette’s Syndrome, v-PSG: Video Polysomnography, WASO: Wake After Sleep Onset, WD: Wilson’s Disease. 
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eSupplementary Table 4: Larger case series of sleep disturbance in degenerative and non-degenerative movement disorders 

Disorder Author Year Cohort  Assessment Outcome 

Parkinsonism 

 

Gjerstad et al.1 2007 PD (142); follow 

up of patients 

from Tandberg 

et al., (1999) 

Stavanger sleepiness 

questionnaire (self-

constructed) 

Insomnia was present in 54-60% of patients at three study visits but varied in individuals 

over time. 83% experienced insomnia at one or more visits over 8 years 

Parkinsonism 

 

Yoritaka et al.2 2009 PD (150) Clinical interviews – 

abnormal sleep 

movements, urge to 

move legs and sleep 

attacks, RBD according 

to ICSD 

54% of PD patients met RBD criteria with 44% reporting it preceded parkinsonism 

Parkinsonism Scaglione et al.3 2005 PD (195) Interviewed for RBD 

using semi-structured 

questionnaire, ICSD 

criteria 

33% patients met the criteria for RBD, 27% had RBD onset before PD 

Parkinsonism 

 

Poryazova et al.4 2013 PD (417) Questionnaire including 

items on sleep quality, 

sleep disorders, RBDSQ, 

ESS 

43% of patients with PD reported RBD and was associated with longer disease duration. 

23% reported falling asleep whilst driving. 20% reported RLS 

Parkinsonism 

 

Gjerstad et al.5 2002 PD (142); follow 

up of patients 

from Tandberg 

et al., (1999) 

ESS 30 patients had developed EDS after a four year follow up. Those with EDS had a more 

rapid decline on the UPDRS score 

Parkinsonism Azmin et al.6 2013 PD (113) IRLSSG criteria RLS occurred in 10% of PD patients and was associated with younger onset of PD and less 

advanced disease stage 

Parkinsonism Verbaan et al.7 2010 PD (269) IRLSSG criteria RLS was present in 11% of patients. RLS severity correlated positively with daytime 

sleepiness, depressive symptoms, PD severity and motor fluctuations  

Parkinsonism Lee et al.8 2009 PD (447) IRLSSG criteria 16% were diagnosed with RLS, those with RLS had longer duration of PD symptoms and 

more severe PD 

Parkinsonism Tan et al.9 2002 PD (125) IRLSSG criteria 15% of patients had motor restlessness but none fulfilled the criteria of RLS compared to 

published control data (0.6%) this was non-significant 

Parkinsonism Peralta et al.10 2009 PD (113) IRLSSG criteria 24% of patients met the RLS criteria, those who did had an earlier onset of PD and were 

younger 

Parkinsonism Höglund et al.11 2019 PD (30) ESS A prospective study that investigated EDS overtime. EDS remained stable over 10 years 

Parkinsonism Porter et al.12 2008 PD (161) PDSS, HAM-D 22% had marked sleep disorders, with sleep fragmentation and nocturia being most 

commonly reported. Disturbances worsened with Parkinson’s symptoms 
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Parkinsonism 

 

Oberholzer et 

al.13 

2011 PD (417) Questionnaire 

including: ESS, RBDSQ, 

and items on sleep 

duration, insomnia, 

sleep latency, snoring, 

RLS 

9% of PD patients reported sleep walking, 47 out of 417 had ESS ≥10, 57% reported sleep 

problems. Those who slept walked had higher ESS, longer disease duration and reported 

more hallucinations and nightmares 

Parkinsonism Pandey et al.14 2016 PD (100) PSQI, ESS, PDQ-39, 

HAM-A, IDS-SR 

50% had poor sleep quality. EDS was only present in 9%. Higher disease severity scores 

correlated with poorer sleep quality. Patients with poor sleep quality had worse quality of 

life 

Parkinsonism 

 

Gómez-Esteban 

et al.15 

2006 PD (70) PDSS No increase in EDS, lowest scores were on sleep fragmentation and nocturia. There was a 

weak correlation between PDSS and disease severity  

Parkinsonism Estrada-Bellmann 

et al.16 

2016 PD (52) NMSS, PDQ-8 76% of PD patients reported sleep disturbances and fatigue, this was the most common 

NMS. Sleep was associated with worse PDQ-8 scores 

Parkinsonism Zhu et al.17 2017 PD (519) NMSQuest, PDSS, HAM-

D 

PDSS score was correlated to disease stage. Poor sleep was a predictor of depression. 

Mean PDSS scores were 117.88 ± 20.53. 65% reported sleep disturbances on the HAM-D 

Parkinsonism Braga-Neto et 

al.18 

2004 PD (86) ESS 53% of patients had insomnia, 50% had RLS, 55% vivid dreams. 72% snoring and 32% had 

EDS. RLS was more frequent with longer duration of illness 

Parkinsonism Maiga et al.19 2016 PD (35) PDSS, PSQI, ESS 74% of patients had abnormally high PSQI, pains or cramps frequently interrupted sleep, 

PDSS score increased with disease stage 

Parkinsonism Phattanarudee et 

al.20 

2019 PD (160) ESS, PDSS, subjective 

information about the 

presence of sleep 

attack 

Night-time sleep disturbance was prevalent in 47% of patients. Patients with EDS and sleep 

attacks were most affected by nocturnal disturbances 

Parkinsonism Yu et al.21 2013 PD (211) PSQI, HAM-D24, HAM-

A14, FS-14, IRLSSG, The 

Scale For Outcomes in 

PD For Autonomic 

Symptoms for 

autonomic dysfunction, 

NMSQuest 

65% of PD patients had sleep disturbances. The highest scoring on the PSQI was daytime 

dysfunction. Depression, restless leg syndrome, autonomic symptoms and fatigue 

contributed 68.6% of the variance of PSQI score 

Parkinsonism Arnaldi et al.22  2016 PD (123) ESS, PDSS-2, HAM-D 46% of patients had poor sleep based on PDSS-2 score and correlated to PD duration, 

motor severity, disease stage and ESS scores 

Parkinsonism Palmeri et al.23 2019 PD (48) PDQ-39, ESS, PSQI, BDI, 

HAM-A 

Sleep problems and excessive daytime sleepiness are frequent problems in PD that has a 

strong influence on cognition and health-related quality of life 

Parkinsonism Zhang et al.24 2016 PD (1119) ESS, PSQI, RLS scale, 

RBDSQ, FSS, NMS-

Quest, HAM-D, HAM-A, 

PDQ-39 

14% reported daytime sleepiness, 65% reported sleep disorders on the PSQI, 23% had 

clinical RBD, 21% had moderate RLS and 15% had severe RLS 

Parkinsonism Lin et al.25 2017 PD (225) ESS, PSQI, PDSS, PDQ-

39 

54% were poor sleepers, 26% had EDS which correlated to disease stage 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

 doi: 10.1136/jnnp-2020-325546–14.:10 2021;J Neurol Neurosurg Psychiatry, et al. Bailey GA



Parkinsonism Svensson et al.26 2012 PD (176) PDSS, ESS, FQ, SF-36, 

IRLSSG criteria 

Over 1/3 of the cohort reported poor quality sleep. Sleep problems were common. 17% of 

PD patients had an abnormal PDSS score. 27% had RLS. 

Parkinsonism Hobson et al.27 2002 PD (638) ESS and ISCS ESS was present in 51% of patients. ESS and ISCS score correlated with disease duration. 

Parkinonism Ondo et al.28 2001 PD (320) ESS, modified NSF, 

assessed the presence 

of RLS 

ESS score was abnormally high in 50% of patients and correlated with more advanced and 

longer duration of PD 

Parkinsonism 

 

Yliksoki et al.29 2015 PD (1447) Questionnaire based on 

the BNSQ (including a 

question on presence 

of OSA), including ESS, 

RBDSQ, UNS, ICD-10 for 

insomnia, IRLSSG 

Narcolepsy was suspected in 9% of subjects, RBD in 39%, hallucinations in the evening 

occurred in 6%, cataplexy symptoms in PD patients 

Parkinsonism 

 

Yliksoki et al.30 2017 PD (1447) Questionnaire based on 

the BNSQ (including a 

question on presence 

of OSA), BQ, including 

ESS, RBDSQ, BDI-SF 

33% of patients had short sleep, 21% poor sleep, 34% sleep deprivation, 47% had 

disrupted sleep, 12% had difficulties falling asleep .44% self-rated poor quality of life and 

health  

Parkinsonism Melka et al.31 2019 PD (155) PDSS-2 and ESS All patients reported some sleep problem. Over 43.9% had a PDSS score >18. Median score 

of ESS was 9, with 77 having possible EDS.  

Parkinsonism Valko et al.32 2010 PD (88) FSS, ESS, BDI PD patients had 59% fatigue and 48% had EDS. Fatigue patients had higher motor scores, 

BDI scores and disease stages 

Parkinsonism Sixel-Döring et 

al.33 

2011 PD (457) At least one night of 

PSG 

RBD was found in 46% of patients. Patients with RBD had longer disease duration and 

advanced disease stages. Presence of RBD related to higher REM sleep and more PLMS 

Parkinsonism 

 

Eisensehr et al.34 2001 PD (19) 

Other sleep 

disorders (273) 

Reviewed PSGs from 

the last three years 

with at least two nights 

of PSG, sleep interview: 

medication and dream 

content 

47% of PD patients had RBD compared to occurring in 4 patients without PD 

Parkinsonism Louter et al.35  2014 PD (45) One night of v-PSG, 8 

nights of Actigraphy, 

ICSD-2 and clinical 

interview 

PSG allowed for a diagnosis of 7 patients with RBD, actigraphy proved a reliable diagnostic 

tool for RBD in those with a clinical suspicion of RBD. Disease severity was higher in 

patients with RBD with longer disease duration and more advanced disease stages. 2 

patients had OSA, 2 had RLS, 3 had increased PLMS 

Parkinsonism Trotti et al.36 2010 PD (55) Three nights of PSG, 

ESS, questions about 

typical night of sleep 

and daytime symptoms 

related to sleep 

PD patients had similar rates of OSA to published control data 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurol Neurosurg Psychiatry

 doi: 10.1136/jnnp-2020-325546–14.:10 2021;J Neurol Neurosurg Psychiatry, et al. Bailey GA



Parkinsonism Roth et al.37 2003 PD with 

abnormal ESS 

(24)  

Two nights of PSG, 

MSLT 

42% had pathological sleepiness. Patients with sleep episodes had no difference between 

total sleep time, sleep efficiency, sleep architecture or RLS presence compared to those 

who did not have episodes 

Parkinsonism Kamble et al.38 2019 PD+RBD (31) 

PD-RBD (25) 

PSG, RBDSQ, MSQ RBDSQ was used to screen and determine whether patients had RBD. PSG was recorded 

on those with probable RBD, with PSG confirming 25/31 had RBD. PD+RBD had worse MSQ 

scores than PD patients without RBD. 

Parkinsonism Martinez-Ramirez 

et al.39 

2015 PD (55) One night of PSG 56.6% of patients had OSA, 49.1% had RBD, 24.5% had PLMS, and one had RLS. PSG also 

confirmed reduced REM sleep and sleep efficiency  

Parkinsonism Joy et al.40 2014 PD drug-naïve 

(30) 

Overnight PSG, FSS, 

ESS, PSQI, NCSDQ, 

HAM-A 

10 patients had impaired PSQI scores, 3 patients had EDS, PSG revealed poor SE in 87% 

and slow wave sleep was shortened. Respiration was impaired, with 43% having AHI ≥ 5 

(predominantly OSA) 

Parkinsonism 

 

Norlinah et al.41 2009 PD (46) Overnight PSG, PDSS 36/44 had PSG sleep disorders, 52% had sleep fragmentation, 55% had SRBD and 32% had 

PLMS. EDS was present in 9% and insomnia reported in 32% 

Parkinsonism Mansour et al.42 2013 PD (36) One night of v-PSG, ESS, 

PSQI, MSQ, HAM-D 

36% of patients were found to have RBD confirmed by PSG. PSG showed longer REM 

latency and higher PLMI and RDI 

Parkinsonism Stevens et al.43 2004 PD (20) Overnight PSG, MSLT, 

MWT 

MSLT revealed 47% of patients were sleepy, only 26% had abnormal MWT scores. Daytime 

sleepiness was related to poor sleep quality 

Parkinsonism Di Fabio et al.44 2013 PD (30) One night of v-PSG, 

RBDSQ, ESS, Sleep 

Walking Questionnaire, 

BDI, BAI 

RBD was confirmed in 18/30 PD patients, and 5 patients with no history of RBD or sleep 

walking had RWA 

Parkinsonism Shafazand et al.45 2017 PD (66) Overnight PSG, PSQI, 

PDSS, AIS, BQ, ESS, 

PDQ-39, BDI, BAI  

46% of patients reported insomnia symptoms, OSA was noted in 47%. Fairly bad to very 

bad sleep quality was reported by 21% of participants. Sleep quality was a significant 

determinant of overall health-related quality of life 

Parkinsonism Sobreira-Neto et 

al.46 

2017 PD (88) Overnight PSG, ESS, 

PSQI, RLS criteria, PDQ-

39 

97% had sleep disorders. 63% had RBD, 63% OSA, 56% insomnia and 28% had RLS. QoL 

correlated to PSQI and ESS 

Parkinsonism Sobreira-Neto et 

al.47 

2019 PD (88) v-PSG, PSQI, ESS, 

IRLSSSG, clinical 

interviews 

OSA occurred in 62.5% of PD patients, those with OSA had less insomnia. PD and OSA 

patients had a lower percentage of N3 sleep in relation to those without OSA.  

Parkinsonism Monaca et al.48 2006 PD (222) One night of PSG (on 36 

patients), MSLT, 

questionnaire including 

the ESS, treatment, 

subjective sleep 

parameters 

43% of patients had ESS scores ≥10 and 7% reported unintended sleep episodes. PSG and 

MSLT results showed correlation between sleep latency and ESS score 

Parkinsonism Young et al.49 2002 PD+EDS (18) Overnight PSG, ESS, BDI  Mild and severe PD patients slept poorly compared to published control data. They also 

had decreased sleep efficiency and REM sleep, and increased sleep latency. PSG showed 

no difference between mild and severe PD 
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Parkinsonism Shen et al.50 2020 PD+OSA (66) 

PD-OSA (173) 

One night of v-PSG, ESS, 

FSS, PSQI, HAM-A, 

HAM-D 

239 PD patients were recruited, 66 had OSA (AHI >5) and 173 had no OSA. PD+OSA had 

increased N1 sleep, wake after sleep onset, ESS scores and decreased cases of RBD.  

Parkinsonism Neikrug et al.51 2014 PD (86) Overnight PSG, ESS, 

RBDSQ, NMSQuest, 

MFSI-SF, PDSS, PDQ-39, 

BDI 

36 patients were diagnosed with RBD (based on objective and subjective measures) and 24 

had probable RBD. RBD groups reported more depression and fatigue 

Parkinsonism Arnulf et al.52 2002 PD (54) Overnight PSG, MSLT, 

ESS, interview about 

sleep disorders 

Sleep latency was normal, ESS mean score was abnormal, PLMS were rare (15%) but OSA 

were frequent (20%) 

Parkinsonism Covassin et al.53 2012 PD (45) One night of PSG, PDSS, 

ESS, RBDSQ, IRLSSG 

criteria, PDQ-39  

PLMS was observed in PD and compared to published data was higher than healthy 

elderly. Patients with and without RLMS reported EDS. PLMS was related to PD severity. 

PLMS was associated with increased subjective measures compared to PLMS absence, 

objective measures found no difference 

Parkinsonism Chung et al.54 2013 PD (128) PSG and MSLT (38 PD 

patients), ESS, ISI, FSS, 

BDI, PDQ-39 

OSA was frequently observed in PD patients and was predicted by objective daytime 

sleepiness. Non-motor symptoms were associated with subjective insomnia. Fatigue was 

associated with subjective daytime sleepiness 

 

Parkinsonism Alatriste-Booth et 

al.55 

2015 PD (120) 

 

One night of PSG, 

SCOPA-Sleep Scale, 

PSQI, ESS, PDSS 

From PSG: 61 fulfilled criteria for sleep apnea-hypopnea syndrome, PLMS in 39, RBD in 48 

and RWA in 7. 

Parkinsonism 

 

Plomhause et 

al.56 

2013 PD (57): newly 

diagnosed 

treatment naive 

Two nights of PSG, 

MSLT, ESS, RBD 

according to ICSD 

30% met the criteria for RBD. Non-RBD patients had shorter daytime sleep latency than 

RBD patients. ESS was normal 

Parkinsonism Neikrug et al.57 2013 PD (86) Overnight PSG, RBDSQ, 

ICSD-2, IRLSSG criteria, 

ESS, MFSI-SF, PDSS, BDI, 

NMSQuest, PDQ-39 

55% were diagnosed with OSA, 42% with RBD, and 22% with RLS. PLMI were also 

considered high – only 2 patients were diagnosed with PLMS 

Parkinsonism Bliwise et al.58 2011 DLB (339) 

AD (4192) 

Nocturnal sleep 

disturbances using the 

NPI-Q 

Sleep disturbances (abnormal nighttime behaviours) were more common in DLB patients, 

with higher comorbidity of hallucinations and advanced disease 

Parkinsonism Chwiszczuk et 

al.59 

2016 DLB (83) 

AD (138); age-

matched 

NPI-Q (insomnia), MSQ, 

ESS 

DLB patients had a higher frequency of insomnia, RLS and PLMS. 25 had probable RBD and 

16 reported vivid dreams. Excessive daytime sleepiness was significantly more frequent in 

DLB patients (40% vs 18%). Presence of sleep disturbances were associated with 

parkinsonian symptoms  

Parkinsonism Grace et al.60 2000 DLB (17) 

AD (20); age- 

and gender-

matched 

ESS, PSQI, NPI-Q (sleep 

question) 

DLB patients had more overall sleep disturbances, more movement while asleep (82% 

reported limb movements), and more abnormal daytime sleepiness (ESS score: 12.6 vs 6.5) 
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Parkinsonism Pao et al.61 2013  DLB (78) PSG, MSLT (6 DLB 

patients) 

55% of patients met the criteria for OSA, one patient had CSA. PSG confirmed 83% had 

REM-sleep without atonia. Of the six patients who underwent MSLT, 2 had sleep latencies 

<5 minutes and RDI <5 

Parkinsonism Ferman et al.62 2014 DLB (61) 

AD (26) 

One night of PSG, MSLT 

(32 DLB patients and 18 

AD), MSQ, ESS 

Nighttime sleep efficiency did not differ between groups, but DLB patients exhibited 

greater daytime somnolence, mean MSLT was significantly shorter in DLB patients with a 

mean of 6.4 minutes, 81% of patients fell asleep within 10 minutes, consistent with higher 

ESS scores  

Parkinsonism Fernández-Arcos 

et al.63 

2019 DLB (35) Overnight v-PSG, PSQI, 

ESS, MSQ, IRLSSG  

Poor sleep quality (54%), hypersomnia (35%) and abnormal nocturnal behaviour (77%) 

were reported. Abnormal sleep architecture occurred in 75% of patients including the 

absence of sleep spindles and K-complexes (13)%, delta activity in REM sleep (19%), and 

REM-sleep without atonia (44%) 

Parkinsonism Zhang et al.64 2017 MSA (172) NMSS, PDQ-39, HAM-

D24, HAM-A  

NMSS sleep/fatigue was second most determinant of poor quality of life. 87% reported 

sleep/fatigue symptoms in MSA 

Parkinsonism Vetrugno et al.65 2004 MSA (19) 

OSA (10) 

One night of PSG Increased NREM 1 and 2 sleep and decreased NREM 3 and 4, sleep efficiency was reduced. 

42% of MSA had stridor. All MSA patients had RBD and 88% had PLMS 

Parkinsonism Vetrugno et al.66 2007 MSA (10) 

RLS (10) 

Two nights of PSG MSA patients had fragmented sleep, with lower total sleep time, sleep efficiency, 

percentages of NREM 3 and 4 and REM sleep, and higher REM sleep latency. 6 MSA 

patients had SBD, and all had PLMS 

Parkinsonism Manni et al.67 1993 MSA (10) PSG Patients showed fragmented sleep, with reduced REM sleep, 6 patients had SBD, with 3 

having OSA and 4 having laryngeal stridor  

Parkinsonism Alfonsi et al.68 2016 MSA (17) Full night of PSG Nocturnal stridor was detected at PSG, EMG findings showed the severity of breathing 

abnormalities related to the presence of stridor  

Parkinsonism Silber et al.69 2000 MSA (42)  Overnight PSG (29) Stridor PSG during night: 24/29 had index of >5 PLMS, muscle tone was increased in REM 

in 20/28 and 17 of these had history of RBD, with 20 patients having an index of >5 per 

hour on AHI mean 22.4 per hour 

Parkinsonism Flabeau et al.70 2017 MSA (30) Overnight PSG PSG from 28 patients found 11 had sleep apnea. Sleep apnea was associated with 

mortality in MSA 

Parkinsonism Plazzi et al.71 1997 MSA (39) At least one night of 

PSG 

27 reported nocturnal paroxysmal episodes, PSG showed 35 had RBD, 6 had OSA, laryngeal 

stridor in 8 and PLMS in 10.   

Parkinsonism Cochen De Cock 

et al.72 

2011 MSA (49) PSG RBD was observed in 88% of MSA patients. 31/43 bed partners indicated 81% of patients 

showed improvement of parkinsonism during RBD 

Parkinsonism Sadaoka et al.73 1996 MSA (8) 

PBVFP (3) 

PSG and nasendoscopic 

PSG 

Of the 8 MSA patients 5 had glottic snoring and two were suspected of glottic snoring 

Parkinsonism Shimohata et al.74  2007 MSA (21) PSG, daytime blood gas 

analysis, pulmonary 

function tests and 

fiberopic laryngoscopy 

29% of patients experienced daytime sleepiness. 65% fulfilled the criteria of SAS. Sleep 

architecture revealed decreased slow wave sleep percentage, decreased REM sleep, and 

sleep efficiency.  

Parkinsonism Tachibana et al.75 1997 MSA (21) Overnight PSG, family 

interview on sleep 

history 

6 patients self-reported EDS. Total REM sleep time was increased. 19 patients had various 

movements during REM, 6 patients had OSA and hypopnoea 
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Parkinsonism Iranzo et al.76 2000 MSA (20)  Overnight PSG, clinical 

sleep questionnaire 

15% had RLS, reduced total sleep time was shown in all patients, with 25% having 

nocturnal stridor, 40% had OSA, PLMS in 50% and RBD in 90% 

Parkinsonism Stanzani-Maserati 

et al.77 

2014 MSA (10) Overnight PSG, ESS, 

Interview, BDI 

80% of patients complained of sleep fragmentation, 2 patients had abnormal AHI, ESS was 

normal, sleep efficiency was reduced, and REM latency increased. 9 patients had PLMS 

Parkinsonism Martinez-

Rodriguez et al.78 

2007 MSA (15) Overnight PSG, MSLT, 

ESS 

ESS scores were normal. MSLT showed normal sleep latency in 4 of 5 patients.  

Parkinsonism Muntean et al.,79 2013 MSA-C (11) 

MSA-P (28) 

One night of PSG, PDSS-

2 

Sleep efficiency decreased in both groups and PLMS and PLMW were high in both groups. 

RBD was found in 73% of MSA-C and 76% in MSA-P. Almost one-third of the MSA patients 

of both groups presented features of RLS on v-PSG. No significant difference in the overall 

subjective quality of night-time sleep was found between the two subgroups 

 

Parkinsonism Ghorayeb et al.80 2005 MSA (22) PSG and a second PSG if 

stridor and elevated 

AHI was present, ESS 

15 patients presented with stridor alone or accompanied with apneas, all patients 

presented with sleep fragmentation, reduced total sleep and sleep efficiency. PLMs in 73% 

and RBD in 64% 

Parkinsonism Palma et al.81 2015 MSA (42) PSG, Innsbruck RBD 

inventory, RBD1Q 

Sleep questionnaires found 76% reported symptoms suggesting RBD.  

PSG confirmed 81% patients had signs of RBD 

Parkinsonism Ohshima et al.82 2017 MSA (24) Overnight PSG, ESS Patients with a worsening of apnea/hypopnea index with time compared to patients with 

stable results had a shorter disease duration when first recorded suggesting that patients 

with MSA who develop sleep disordered breathing in the early stages will experience 

continuous deterioration/progression of the breathing disorders 

Parkinsonism Wang et al.83 2019 MSA+RBD (18) 

MA-RBD (37) 

v-PSG, PSQI, ESS, FSS, 

RBDSQ, HAM-D, HAM-A 

None of the sleep parameters significantly differed between MSA patients with or without 

RBD  

Parkinsonism Ghorayeb et al.84 2014 MSA (30) One night of PSG, ESS, 

PSQI, IRLSSG, BDI 

27% met RLS criteria. Pittsburgh Sleep Quality Index scores were significantly higher in 

patients with restless legs syndrome than those without (9.3 ± 3.7 vs. 4.8 ± 2.9, p = 

0.00165). Periodic limb movements were found in 75 % of patients with restless legs 

syndrome. Restless legs syndrome is more prevalent in multiple system atrophy as 

compared to the acknowledged prevalence in the general population. 

Parkinsonism Shimohata et al.85 2012 MSA (25) PSG, ESS Normal ESS score 6.2 ± 0.9, 24% patients presented with EDS. PSG found that sleep 

efficiency was reduced, reduced NREM3 compared to published normal values. 24 MSA 

patients fulfilled SDB criteria. Abnormal PLMS in 44%, RLS in 18% 

Parkinsonism Chaithra et al.86 2020 PSP (66) PDSS, HAM-D One of the most prevalent non-motor symptoms was in the sleep/fatigue domain. 

Parkinsonism Aldrich et al.87 1989 PSP (10) Three nights of PSG Two subjects had sleep apnea (1 OSA and 1 CSA) and PLMS. Sleep spindles poor or absent 

in 5 patients. Sleep latency and time awake was longer, sleep efficiency was reduced, N3 

and N4 was reduced compared to published norms. Suggestive of insomnia 

Parkinsonism Diederich et al.88 2008 PSP (30) 

CBD (14) 

Questionnaire 

investigating 

hallucinations and RBD 

and an interview with 

six caregivers, one 

patient and one pair 

20% of PSP patients and 7% of CBD patients acted out dreams. RBD symptoms were not 

linked to disease duration 
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Parkinsonism Cooper et al.89 2009 PSP (10) 

CBD (11) 

Questioned patients on 

the presence of 

photophobia, visual 

hallucinations and RBD 

PSP absent of RBD, one CBD patient had RBD 

Parkinsonism Ghorayeb et al.90 2002 MSA (57) 

PD (62); age-, 

gender- and 

disease 

duration-

matched 

 

Structured interview 

assessing sleep 

problems 

MSA had a higher percentage of patients with sleep disorders; stridor, RBD and sleep 

complaints. Those with complaints in PD and MSA had longer disease duration, higher 

mean motor scores and more disabled 

Parkinsonism Munhoz et al.91 2014 PD (100) 

PSP (87) 

MSA (72) 

DLB (50) 

CBD (18); all 

groups age-, 

gender- and 

disease stage-

matched 

Probable RBD was 

established by IRLSSG 

criteria 

Probable RBD was found in 58% of PD patients, 82% with MSA, 74% with DLB, 37% with 

PSP and 5.5% with CBD 

Parkinsonism Matsubara et al.92 2018 PD (63) 

MSA (17) 

PSP (11) 

RLS assessed on IRLSSG 

criteria, sleep 

questionnaires, PDSS-2, 

ESS, NMSS, BDI  

 

RLS criteria met in 12.7% (PD), 5.9% (MSA), 0% (PSP) 

Parkinsonism Olson et al.93 2000 PD (25) 

Dementia 

without 

Parkinsonism (7) 

MSA (14) 

Narcolepsy (4) 

Encephalitis (2) 

PSP (1) 

Brainstem 

infarction (1) 

Overnight PSG (68) and 

half nasal positive 

airway pressure (25)  

RBD developed before parkinsonism in 52% of PD patients. One patient with idiopathic 

RBD developed PD later. RBD preceded onset of MSA in 5 patients 

Parkinsonism Nomura et al.94 2011 PD (49) 

MSA (16) 

Overnight PSG 27% of patients with PD and 69% with MSA had RWA. PLMI scores higher in MSA (68.2 ± 

105.4) than those in PD (10.0 ± 25.9) 

Parkinsonism Terzaghi et al.95 2013 DLB (29) Overnight v-PSG DLB showed less NREM 1 and more NREM 2 sleep than PD patients. Sleep apnea (DLB: 

30.7% vs. PD: 34.8%) and periodic limb movements (DLB: 60.9% versus PD: 50.0%) were 
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PD (29); age- 

and gender-

matched 

frequent in both groups. Disruptive motor behaviour was more frequent in DLB patients, 

consisting of RBD, confusional arousal and arousal-related episodes mimicking RBD  

Parkinsonism Bugalho et al.96 2019 DLB (19) 

PD (51) 

iRBD (20) 

 

One night of v-PSG In comparison to normative values, DLB patients presented with reduced sleep efficiency, 

total sleep time, and increased sleep fragmentation. Sleep stages also differed from 

norms, DLB had reductions in REM sleep and increases in NREM 2 sleep. There was no 

difference in PSG data between DLB and PD patients, except for sleep latency which was 

significantly higher in DLB patients, and AHI which was higher in PD patients. Mean PLMS 

was high in DLB but there were no complaints of RLS.  

Parkinsonism Nomura et al.97  2012 PSP (20) 

PD (93) 

Overnight PSG and 

clinical interview 

regarding sleep 

problems: abnormal 

motor behaviours and 

dream enactment 

PSP had lower TST and sleep efficiency on PSG compared to PD. PSP had lower number of 

patients with RWA than PD (20% vs 60%). No PSP patients experienced RBD whereas 30 PD 

patients did 

Parkinsonism Iranzo et al.98 2005 MSA (26) 

PD (45) 

iRBD (39) 

One overnight PSG, 

clinical interview 

 

MSA compared to PD had higher RWA, PMLI and reduced total sleep time. RBD symptoms 

was similar across the groups 

Parkinsonism Sixel-Döring et 

al.99 

2009 PSP (20) 

PD (20); age- 

and cognition-

matched 

Two nights of PSG, 

PDSS 

PSP patients had lower sleep efficiency compared to PD patients. Seventeen PSP patients 

and 19 PD patients had RWA. 7 PSP and 13 PD patients had clinical RBD. 11 PSP and 11 PD 

patients were diagnosed with SDB 

Parkinsonism Baumann et al.100 2005 PD (10) 

DLB (3) 

MSA (1) 

PSG, MSLT, ESS, 

Actigraphy 

PLMS were documented in six patents, abnormal AHI in 7, 2 patients had no REM sleep, 

MSLT mean sleep latency was 3.5 minutes, abnormal ESS score 

Parkinsonism Ratti et al.101 2015 PD (10) 

DLB (8) 

MSA (12) 

 

Retrospective PSG 

analysis, ESS 

12 excluded of the remaining 18, 4 had parasomnias (2PD, 2MSA) all had EDS and SRBD. 

Both MSA patients had high PLMI and one had RLS  

Huntington’s Disease Taylor et al.102 1997 HD (518) Postal survey 

questionnaire 

292 responded. 88% reported sleep problems, 62% rated them as ‘very’ or ‘moderately’ 

important contributors to problems  

Huntington’s Disease Moser et al.103 2017 Juvenile HD (42) Web-based survey 

evaluating sleep 

symptoms 

Out of the 33 remaining, sleep problems were the most prevalent reported at 87%, with 

48% reporting ‘severe’ and 40% ‘moderate’ with most complaints around falling asleep or 

maintaining sleep 

Huntington’s Disease Baker et al.104 2016 Pre-HD (35) 

HD (32) 

BDI to evaluate sleep 

problems (item-16) 

Increased sleep disturbances related to worse neuropsychiatric symptom 

Huntington’s Disease Videnovic et al.105 2009 HD (30) PSQI, ESS, interviewed 

for RBD, BDI 

77% had abnormal sleep, median global PSQI score was 6. EDS was present in 50% of 

patients 
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Huntington’s Disease Antczak et al.106 2013 HD (13) PSQI, ESS, Embletta 

screening for nocturnal 

respiration 

Abnormal AHI was found in three subjects. PSQI and ESS revealed poor sleep quality and 

EDS in six and five patients respectively 

Huntington’s Disease Piano et al.107 2017 HD (30) Overnight v-PSG PSQI, 

HDSQ, ESS, BQ, IRLSSG, 

RBDQ, Bologna 

questionnaire, ZARS 

(item 54), BDI  

Sleep questionnaires did not correlate to PSG data. EDS in 6 patients, BQ detected “high 

risk” sleepiness in 7 cases. PSQI above score in 18 subjects, HDSQ found 10 poor sleepers  

SCA Brusse et al.108 2011 SCA4 (44) 

ADCA (31) 

SCA6 (26) 

SCA14 (7) 

SCA1 (5) 

SCA2 (4) 

SCA7 (3) 

SCA13 (2) 

SCA17 (1) 

PSQI, ESS, FSS, BDI, SF-

36 

Severe fatigue was present in 69% of all SCA subgroups, 47% had poor sleep quality  

SCA Jacobi et al.109  2013 SCA1 (82) 

SCA2 (109) 

SCA3 (46) 

SCA6 (27)  

From 178 

families 

PSQI, RLS: four 

diagnostic questions 

Median scores on PSQI were normal except in SCA6 non-carriers. No SCA6 patients had 

RLS, 3 in SCA1, 3 in SCA2 and 3 in SCA3. 

SCA Schöls et al.110 1998 SCA1 (6) 

SCA2 (11) 

SCA3 (51) 

SCA6 (21) 

Overnight PSG (7 SCA3), 

standardized 

questionnaire and 

IRLSSG criteria 

RLS was present in 45% of SCA3 patients, none with SCA1 and 18% of SCA6 patients. PSG 

revealed prolonged sleep onset latency, reduced N3 and N3 REM sleep and PLMS 

SCA 

 

Folha Santos et 

al.111 

2018 SCA3 (47) Overnight PSG, ESS 34% had OSA and 43% had EDS. ESS did not correlate to AHI 

SCA Tuin et al.112 2006 SCA2 (8) from 

five families 

Three nights of v-PSG, 

BDI, PSQI, ESS, 

interview regarding 

sleep quality,  

Interviews revealed “good” subjective sleep quality, except for one depressed patient. 

PSQI scores were normal except in depressed patient. PSG revealed long WASO and low 

sleep efficiency, REM sleep was abnormal in all patients. 3 patients had reduced NREM and 

increased SWS 

SCA Seshagiri et al.113 2018 SCA1 (12) 

SCA2 (13) 

SCA3 (9) 

Overnight v-PSG, PSQI, 

ESS 

Absent REM sleep states in 69% SCA2, 44% SCA and 8% in SCA1. REM reduction correlated 

with disease severity. Sleep efficiency was normal. PSQI and ESS mean score was normal  

 

Niemann-Pick Type C Maubert et al.114 2016 NPC (22) Questionnaires sent to 

relatives/doctors based 

on hospital records 

27% had sleep disorders 
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Niemann-Pick Type C Rangel et al.115 2019 NPC (8) PSG, MSLT, use of ICSD-

3, ESS, PSQI, IRLSSG, 

MEQ, RBDSQ-BR 

Four patients had a PSQI indicating poor sleep quality. One patient had sleepwalking and 

hypersomnia when NPC symptoms started. Four patients showed clinical signs of OSA but 

only one underwent PSG. One patient had high scores on IRLSSG and one had a mild score. 

All patients showed reduced or disorganised sleep: lower total sleep time, sleep efficiency 

and REM. Three had high N3 sleep, and two had reduced REM latency. MSLT was only 

abnormal in one patient 

IgLON5 Honorat et al.116 2017 IgLON (20) v-PSG for three 

patients, clinical 

information 

Sleep disorders were reported in 12/15: OSA (11), RBD (2) and NREM parasomnias (1) 

were reported 

IgLON5 Sabater et al.117 2014 IgLON5 (8) v-PSG for 5 All five patients had OSA, stridor and undifferentiated N2 sleep. Four patients had RBD 

IgLON5 Gaig et al.118 2017 IgLON5 (22) PSG  In 19 patients, bed partners reported vocalisations and limb movements. All patients had 

insomnia. Stridor (10), daytime sleepiness (13) and sleep apnea (16) was also observed 

Neuroacanthocytosis Danek et al.119 2001 MLS (22) PSG, review of clinical 

phenotypes 

Three patients had sleep apnea, with a PSG describing central and peripheral components 

of the breathing disorder. One patient had developed insomnia before death 

NBIA Hogarth et al.120 2013 MPAN (23) Medical record review One patient had RBD 

NBIA Hayflick et al.121 2013 BPAN (23) Medical record review Sleep abnormalities were noted in six subjects, including abnormal MSLT with shorted 

sleep latency, abnormal REM sleep, hypersomnolence, and movements during the onset of 

sleep 

NBIA Nishioka et al.122 2015 BPAN (7) EEG, clinical evaluation Sleep problems were not prominent, but two patients presented with unspecified 

problems 

Dystonia Klingelhoefer et 

al.123 

2014 CD (102) Adapted version of 

NMSQuest for 

Parkinson’s - “yes” or 

“no” response 

“yes” difficulties were 60% of falling or staying asleep 

Dystonia López-Laso et 

al.124 

2011 Segawa’s 

disease (14): 7 

adult, 7 

paediatric from 

two families 

PSQI, BDI Sleep disturbances were found in four patients; one insomnia, two chronic sleep 

insufficiency, and one insufficient rest. Two children presented with sleepwalking 

Dystonia Weiss et al.125 2017 CD (159) PSQI, BDI CD patients showed an improvement in sleep quality and depressive symptoms following 

botulinum toxin injections  

Dystonia Wagle Shukla et 

al.126 

2016 Generalised 

dystonia (9) 

Segmental 

dystonia (18) 

CD (39) 

Cranial dystonia 

(21) 

Other (4) 

FSS, ESS, MFI, PDSS, BDI Moderate to severe fatigue was presented in 43% of the cohort, 7% had EDS and other 

sleep disturbances 26% (PDSS). FSS and MFSI correlated significantly with health-related 

quality of life and had a negative impact even when controlled for comorbid depression 
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Dystonia Sforza et al.127 1991 BSP and Meige’s 

syndrome (10) 

PSG over three nights Number of spasms per hour decreased during the night, then gradually increased, 

particularly before waking. A reduction in REM sleep and sleep efficiency and an increase 

in number of awakenings was present. Patients with a high index of spasm in awake state 

exhibited a greater number of awakenings, poorest sleep efficiency and amount of stage 

REM 

Dystonia Silvestri et al.128 1990 BSP (1) 

Meige’s 

syndrome (6) 

PSG for at least two 

nights 

Abnormal movements were still present in patients with blepharospasm, but decreased in 

frequency and amplitude in all sleep stages, especially REM 

Dystonia Van Hove et al.129 2006 Segawa’s 

disease (22), 

from three 

families 

PSG, MSLT, PSQI, ESS, 

structured interview 

EDS, difficulty in sleep onset and maintenance, frequent nightmares were present in 55% 

of patients. All patients had pathological PSQI scores 

Essential Tremor Huang et al.130 2020 ET (280) Medical records 121 patients were reclassified as having ET-plus, those with ET-plus showed significantly 

probable RBD 

Essential Tremor Lacerte et al.131 2014 ET (46) RBDSQ 43.5% of ET patients possibly suffered from RBD, compared to estimates of 0.5% in the 

general population 

Essential Tremor Barbosa et al.132 2017 ET (92) RBDSQ 14 ET patients had RBD. Those with RBD had higher automatic symptoms scores 

Essential Tremor Rohl et al.133 2016 ET (96) PSQI, ESS PSQI scores did not differ between ET patients classified with normal cognition, mild 

cognitive impairment or dementia. ESS scores were highest in ET patients with mild 

cognitive impairment, followed by dementia and lastly ET and normal cognitive 

impairment 

Essential Tremor Ondo et al.134 2006 ET (100) 

RLS (68) 

IRLSSG RLS was diagnosed in 33 ET patients 

Essential Tremor Salsone et al.135 2019 ET (55) PSG, RBD1Q Ten ET patients had PSG-confirmed RBD 

Benign Hereditary 

Chorea 

Iodice et al.136 2019 NKX2 (7) PSQI, ESS (adult and 

paediatric), a single RLS 

question (adult and 

paediatric), BQ, SDSC, 

clinical evaluation for 

sleep quality and sleep 

disorders 

Two children and one adult (43%) displayed possible RLS symptoms consistent with 

diagnosis, no other sleep disorders were identified. Chorea tended to improve gradually 

with age 

Tic Disorders Teive et al.137 2001 TS (33) 

Chronic tics (10) 

Transitionary (1) 

Retrospective analysis 

of hospital records 

18 patients had sleep disorders (unspecified) 

Tic Disorders Freeman et al.138 2007 TS (3500) Clinical reports Sleep problems were twice as common in comorbid TS than in TS only. About 25% of 

children reported sleep problems, increasing to 65% with comorbid ADHD 

Tic Disorders Lipinski et al.139 1997 TS (32) Semi structured 

interview to evaluate 

sleep patterns and RLS 

A frequency of 59% of RLS was found 
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Tic Disorders Barabas et al.140 1984 TS (57)  

Seizure 

disorders (57) 

Questionnaire TS had higher rates of somnambulism (17.5%) compared to children with learning 

difficulties (3.5%) and children with seizure disorders (1.7%)  

Tic Disorders Lespérance et 

al.141 

2004 TS (144) IRLSSG RLS was present in 10% of TS 

Tic Disorders Wand et al.142 1993 TS (446)  Self-reported 

questionnaire 

In ages 6-17:  

Problems getting to sleep – often 29.7%, sometimes 36.7%  

Problems staying asleep – often 9.3%, sometimes 22.0%  

Sleep walking – often 4.7%, sometimes 18.8%  

Tic Disorders 

 

 

Mol Debes et 

al.143  

 

 

 

 

2008 

 

 

 

 

 

TS (314)  

 

 

 

 

 

CBCL (sleep items) 17% of the children had a score of more than 6 on the items on the Child Behaviour 

Checklist that deal with sleep disturbances 

Tic Disorder Groth et al.144 2017 TS (314) Sleep items from CBCL 

on two occasions 6 

years apart 

Sleep disturbance increased significantly with age 

 

Tic Disorder Storch et al.145 2009 TS/CTD (56)  CBCL (6 items), MASC (1 

item) 

80.4% experiencing at least one SRP and 19.7% experiencing four or more. Children with a 

comorbid anxiety disorder experienced significantly more sleep related problems 

(p<0.001)  

Tic Disorders Ghosh et al.146 2014 TS (48)  

TS+ADHD (75) 

Standardised 

questionnaire during 

interview 

65% had sleep disorders (coded for by Diagnostic and Statistical Manual of Mental 

Disorders 5th Edition) irrespective of comorbid ADHD. Trouble initiating and maintaining 

sleep. Ritualistic behaviours before sleep, periodic limb movements, sleepwalking, sleep 

talking, and vivid nightmares. Significant difficulty waking up, feeling unrefreshed after 

sleep, and excessive daytime sleepiness 

Tic Disorders Jankovic et al.147 1987 TS (112) PSG (34) 18 patients had reduced REM sleep and 23 had motor tics in all stages 

Mixed Ghika et al.148 2015 ET (121) 

PD (54); 

developed after 

ET 

Self-reports assessing 

RBD and RLS 

ET patients had significantly more cases of RLS (34.8%) and significantly fewer cases of RBD 

compared to PD patients 

Mixed Walter et al.149 2003 ET (56) 

PD (85) 

TS (118) 

IRLSSG 1.7% of TS had RLS, ET patients had the highest percentage of RLS with 5.4% and 4.7% of 

PD patients had RLS. All patients compared to the normal population 

Mixed Puschmann et 

al.150 

2011 ET (16) 

PD (8) 

RLS (13) 

all from one 

family 

IRLSSG A prominent overlap of RLS, PD or ET was seen across 5 generations of a family 
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Mixed Miller et al.151 2007 ET (53) 

PD (354) 

Dystonia (83) 

BDI The highest symptoms were insomnia (57.4%) and fatigability (79.4%). 56.6% of ET 

patients reported insomnia and 77.4% fatigability 

Mixed Giorelli et al.152 2014 ET (21) 

PD (31) 

NMSQuest PD patients had an increased number of patients who experienced vivid dreams and acting 

out during dreams compared to ET patients 

Mixed Giorelli et al.153 2014 ET (20) 

PD (31) 

NMSQuest After a one-year follow up PD non-motor symptoms complaints decreased: insomnia and 

RLS, whereas complaints of daytime sleepiness increased. ET patients reported reduction 

in RLS. PD patients exhibited higher symptoms of RBD (10/31) than ET (1/21) 

Mixed Kwon et al.154 2015 ET (28) 

PD (24) 

RBD symptoms queried 

with partner, NMSS  

PD patients had significantly more RBD-like symptoms than ET patients. None of the ET 

patients had RLS, but 4 patients with ET+PD did 

Mixed Louis et al.155 2016 ET+PD (27) 

PD (35) 

ET (109) 

ESS, PSQI Patients with ET+PD had significantly higher ESS scores than ET and PD alone  

Mixed Ratti et al.156 2012 PD (77) 

PDD/DLB (62) 

One night of v-PSG, 

semi-structured sleep 

interview 

Sleep apnea was found in 14% of PD patients and two PDD/DLB, although no difference in 

AHI was detected. There was a trend towards more RBD diagnosis in PDD/DLB patients 

(79%) compared to PD (37%) 

Mixed Silvestri et al.157  1995 HD (6) 

TS (9) 

NA (6) 

Two nights of PSG HD patients had reduced total sleep time, and very low sleep efficiency and a very high 

WASO. REM was absent in two patients and reduced in four (mean 14.9%) with reduced 

REM density. 

NA patients had decreased frequency, amplitude and duration of abnormal movements. 

Decreased total sleep time and increased WASO was noted. N1 was increased in all 

patients, and N2 was globally reduced. REM latency was reduced in two patients  

Key: AD: Alzheimer’s Disease, ADHD: Attention deficit hyperactivity disorder, AHI: Apnea Hypopnea Index, AIS: Athens Insomnia Scale, BDI(SF): Beck’s Depression Inventory (Short Form), 

BNSQ: Basic Nordic Sleep Questionnaire, BPAN: Beta-propeller protein-associated neurodegeneration, BSP: Blepharospasm, BQ: Berlin Questionnaire, CBCL: Child Behaviour Checklist, CBD: 

Corticobasal Degeneration, CD: Cervical Dystonia, ChAc: Chorea-Acanthocytosis, CSA: Central Sleep Apnea, CTD: Chronic Tic Disorder, DLB: Dementia with Lewy Bodies, EDS: Excessive 

Daytime Sleepiness, EEG: Electroencephalogram, EMG: Electromyography, ESS: Epworth Sleepiness Scale, ET: Essential Tremor, FS-14: Fatigue Scale 14 items, FSS: Fatigue Severity Scale, FQ: 

Fatigue Questionnaire, GQS: General Questionnaire for Sleep, HAM-A: Hamilton Anxiety Rating Scale, HAM-D: Hamilton Depression Rating Scale, HD: Huntington’s Disease, HDSQ: 

Huntington’s Disease Sleep Questionnaire, ICSD: International Classification of Sleep Disorders, IDS-SR: Inventory of Depression Symptomatology Self-Report, iRBD: Idiopathic REM-sleep 

Behaviour Disorder, IRLSSG: International Restless Legs Syndrome Study Group, ISI: Insomnia Severity Index, ISCS: Inappropriate Sleep Composite Score, MASC: Multidimensional Anxiety 

Scale for Children, MEQ: Morningness–eveningness Questionnaire, MFI: Multidimensional Fatigue Inventory, MFSI-SF: Multidimensional Fatigue Symptom Inventory Short Form, MLS: 

McLeod’s Syndrome, MPAN: Mitochondrial membrane protein-associated neurodegeneration, MSA: Multiple System Atrophy, MSA-C: Multiple System Atrophy Cerebellar Type, MSA-P: 

Multiple System Atrophy Parkinsonian Type, MSLT: Mean Sleep Latency Test, MSQ: Mayo Sleep Questionnaire, MWT: Maintenance of Wakefulness Test, N3: Non-Rapid Eye Movement Sleep 

stage 3, NA: Neuroacanthocytosis, NBIA: Brain Iron Accumulation Disorders, NCSDQ: NIMHANS comprehensive sleep disorder questionnaire, NMSQuest: Non-Motor Symptoms 

Questionnaire, NMSS: Non-Motor Symptoms Scale, NPC: Niemann-Pick Type C, NPI-Q: Neuropsychiatric Inventory Questionnaire, NREM: Non-Rapid Eye Movement Sleep, NSF: National Sleep 

Foundation Sleep Survey, OSA: Obstructive Sleep Apnea, PD: Parkinson’s Disease, PDD: Parkinson’s Disease with Dementia, PDSS: Parkinson’s Disease Sleep Scale, PDQ-8/39: Parkinson’s 

Disease Questionnaire, PLAN: PLA2G6-associated neurodegeneration, PLMI: Periodic Leg Movements Index, PLMS: Periodic Leg Movements during Sleep, PKAN: Pantothenate kinase-

associated neurodegeneration, PSG: Polysomnography, PSP: Progressive Supranuclear Palsy, PSQI: Pittsburgh Sleep Questionnaire Index, RBD1Q: REM-sleep Behaviour Disorder Single-

Question Screen, RBD: REM-sleep Behaviour Disorder, RBDSQ: REM Sleep Behaviour Disorder Screening Questionnaire, RBDSQ-BR: REM-sleep Behaviour Disorder Screening Questionnaire 

Brazilian Portuguese version, RBDQ-HK: REM-sleep Behaviour Disorder Screening Questionnaire Hong Kong version, RDI: Respiratory Disturbance Index, RLS: Restless Leg Syndrome, RWA: 
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REM-sleep Without Atonia, SCA: Spinocerebellar Ataxia, SCOPA-Sleep: Scales for Outcomes in Parkinson's Disease in Sleep, SDSC: Sleep Disturbance Scale for Children, SRBD: Sleep Related 

Breathing Disorders, TS: Tourette’s Syndrome, UNS: Ullanlinna Narcolepsy Scale, v-PSG: Video Polysomnography, WASO: Wake After Sleep Onset, ZARS: Zung Self-Rating Anxiety Scale, ZDRS: 

Zung Self-Rating Depression Scale. 
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eSupplementary Table 5. Case-control studies excluding those using polysomnography 

Disorder Author Year Cohort  Assessment Outcome 

Parkinsonism Factor et al.1 1990 PD (78) 

HC (43): elderly 

Questionnaire 

regarding sleep 

initiation, sleep 

maintenance 

parasomnias and 

daytime 

somnolence, and 

the effect of sleep 

on motor 

symptoms 

67% of PD patients experienced difficult with sleep initiation compared to 54% of elderly 

controls. Those with PD had increased awakenings than controls 

Parkinsonism 

 

Smith et al.2 1997 PD-spouse pairs 

(153) 

HC (103) 

Self-ratings of 

sleep disturbance 

Mean ratings of ‘poor sleep’ were higher in PD-spouse than controls 

Parkinsonism Tandberg et al.3 1999 PD (245) 

Patients with 

diabetes 

mellitus (100) 

HC (100): 

elderly 

Interviewed, 

questionnaire to 

assess daytime 

somnolence, use 

of sleep 

medication and 

nocturnal sleep 

problems 

16% of PD patients had EDS which was significantly higher than patients with diabetes and 

HC 

 

Parkinsonism 

 

Pal et al.4 2004 PD (40) 

Care givers (30) 

PSQI, GQS (self-

designed), ZDRS, 

ZARS 

Only 9% of care givers complained of sleep disturbances. PSQI showed 84% of PD patients 

were poor sleepers, predominant complaints were sleep disturbances and sleep quality 

and efficiency. 100% of patients complained of sleep disturbances 

Parkinsonism 

 

Calzetti et al.5 2009 PD (118) 

HC (110); age- 

and gender-

matched 

IRLSSG criteria 13% of PD patients compared to 6% of controls reported previously suffering RLS, 

however, this reach statistical significance 

Parkinsonism Krishnan et al.6 2003 PD (126) 

HC (128); age- 

and gender-

matched 

controls 

Predesigned 

questionnaire, 

interviewed for 

RLS using IRLSSG 

criteria, ESS, JHRLS 

RLS present in 8% of PD cases vs 0.8% of controls. Those with RLS had higher prevalence of 

depression. Only 2/10 patients had abnormal ESS. 90% of patients with RLS showed 

delayed sleep onset 

Parkinsonism Hagell et al.7 2016 PD (149) 

HC (53); age-

matched 

SCOPA-SLEEP Daytime sleepiness is less severe and common in HC compared to PD  
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Parkinsonism Högl et al.8 2003 PD (99) 

HC (44); age-

matched 

ESS ESS revealed significantly increased daytime sleepiness compared to controls. 33% of PD 

patients had scores ≥10 and 11% of controls. 

Parkinsonism Brodsky et al.9 2003 PD (101) 

HC (100); age-

matched 

 

ESS EDS was reported in 76% of patients compared to 47% of controls, 41% had scores ≥10 

compared to 19% of controls  

Parkinsonism Rana et al.10 2018 PD (100) 

HC (100); age- 

and gender-

matched 

PSQI, IRLSSG 

criteria 

PD patients had higher global scores compared to HC on PSQI and significantly more 

patients with RLS (27%) in PD than controls (6%). Poor sleep was related to greater pain 

severity and interfering pain 

Parkinsonism van Hilten et al.11 1993 PD (90) 

HC (71); age-

matched 

ESS ESS was similar in both groups. 81% of PD patients and 92% of controls reported sleep 

disturbances 

Parkinsonism Suzuki et al.12 2012 PD (93) 

HC (93); age- 

and gender-

matched 

PDSS-2, BDI-2, 

PSQI, ESS, PFS, 

PDQ-39 

PD patients had impaired PDSS-2, ESS, BDI-2 and PFS scores compared to HC. RLS presence 

was not different between groups 

Parkinsonism Abe et al.13 2005 PD (64) 

HC (60); age- 

and sex-

matched 

PDSS PDSS scores in PD groups were significantly different from controls, suggesting more sleep 

disturbances in PD 

Parkinsonism Kumar et al.14 2002 PD (149) 

HC (115); age-

matched  

Questionnaire on 

experiences of 

night-time sleep 

and items taken 

from: ESS, the 

Case Western 

Reserve Health 

Sleep Study 

Questionnaire  

42% of PD patients compared to 12% of controls reported sleep problems. Insomnia (32%), 

nightmares (32%) and EDS (15%) were seen more in PD compared to 5%, 5% and 6% 

respectively in controls. EDS correlated with disease stage 

Parkinsonism Kay et al.15 2018 PD (50) 

HC (48); age-, 

race-, gender- 

and education-

matched 

PSQI, ISI, BDI-2 PD patients had poorer sleep quality on the PSQI, higher rates of sleep disturbances and 

were more likely to report sleeping more than usual on the BDI-2, they also had higher ISI 

total scores. ISI scores and sleeping less than usual were associated with depression 

Parkinsonism Telarovic et al.16 2015 PD (110) 

HC (110) 

PSQI, ESS, PDSS, 

PDQ-8/39 

Median PSQI scores was three times higher than control group. The most common sleep 

disturbance was fragmented sleep (38%) and nocturia (38%). Sleep significantly affected 

QoL 
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Parkinsonism 

 

Fabbrini et al.17 2002 De novo PD 

(25) 

Treated PD (50) 

HC (25); age- 

and gender-

matched 

ESS, PSQI ESS and PSQI scores were not different between de novo PD and controls, but higher in 

treated PD. ESS scores may be explained by treatment effect 

Parkinsonism Videnovic et al.18 2014 PD (20) 

HC (15) age-

matched 

ESS, PSQI, BDI PSQI was the same in both groups (n.s.). ESS scores were higher in PD group than controls 

Parkinsonism Gjerstad et al.19 2011 De novo PD 

(200) 

HC (173); age- 

and gender-

matched 

PDSS, IRLSSG 

criteria, semi-

structure 

interview 

13% of PD patients vs 7% of controls met the criteria for RLS 

Parkinsonism Sanjiv et al.20 2001 PD (160) 

HC (40) 

ESS ESS scores were significantly lower in the control group compared to four groups of PD 

based on medication 

Parkinsonism 

 

Verbaan et al.21 2008 PD (420) 

HC (150); age- 

and gender- 

matched 

SCOPA-Sleep, BDI PD patients had significantly more EDS 43 vs 10% and excessive night-time sleep problems 

27 vs 9% or used sleep medication 17 vs 12% 

Parkinsonism Goulart et al.22 2009 PD (50) 

HC (50); 

geriatric  

 

FSS, ESS Fatigue was reported by 70% of patients compared to 22% of controls, with 20 of the 35 

PD patients having fatigue and depression. ESS scores did not differ between groups 

Parkinsonism Suzuki et al.23 2007 PD (188) 

HC (144) 

PDSS-2, ZDRS PD patients had more severe sleep disorders than controls according to PDSS scores. 

Differences in PDSS scores were observed between disease stages 

Parkinsonism Ferreira et al.24 2006 PD (176) 

HC (174) 

ESS, PSQI 27% of PD patients reported sleep attacks compared to 32% of controls. They occurred 

more frequently and required more attention in PD patients. More patients had abnormal 

ESS and poor sleep quality 

Parkinsonism  Chotinaiwattarakul 

et al.25 

2011 PD (134) 

HC (94) 

BQ, ESS, PDSS 49% of PD patients were at high risk for a SRBD compared to 35% of controls 

Parkinsonism Nomura et al.26 2006 PD (165) 

HC (131); age- 

and gender-

matched 

PSQI and RLS 

diagnosis via 

clinical interview 

(IRLSSG criteria) 

PSQI scores did not differ. 2.3% of controls met the diagnosis criteria for RLS compared 

to.12% of PD patients. Those with RLS showed significantly higher PSQI scores than PD 

patients without RLS 

Parkinsonism Kataoka et al.27 2020 PD (157) 

HC (1101) 

Two+ consecutive 

nights of 

Actigraphy 

Sleep efficiency, wake after sleep onset and sleep fragmentation was significantly lower in 

patients in late stage PD compared to controls. Total sleep time and sleep onset latency 

were significantly shorter in patients with late- and early-stage PD compared to controls.  
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Parkinsonism Stavitsky et al.28 2010 PD (30) 

HC (14) 

Actigraphy, ESS, 

PDSS, sleep diary 

Actigraphy data showed sleep efficiency and total sleep time was reduced, and increased 

sleep fragmentation in PD compared to HC. PD group had higher ESS scores than HC. Some 

subjective measures correlated to actigraphy data 

Parkinsonism Giganti et al.29  2013 De novo PD 

(18) 

HC (18); age-

matched 

Actigraphy for 

three consecutive 

days, MEQ 

PD patients had higher sleepiness than controls at awakening and in the early afternoon 

Parkinsonism Prudon et al.30 2014 PD (106); early 

stages of 

disease 

HC (99); age-

matched 

ESS, PSQI, MSQ, 

NMSQuest, home 

monitoring sleep 

respiration 

(Embletta), three 

nights of 

Actigraphy, sleep 

diaries 

Sleep questionnaire scores were the same between participants. Based on diaries PD 

patients had more daytime naps. PLMS were increased in PD. Otherwise; subjective and 

objective sleep disturbances were minimal between groups 

Parkinsonism Cagnin et al.31 2017 DLB (30) 

AD (32); age-, 

gender- and 

disease 

severity-

matched 

HC (33); age- 

and gender-

matched 

PSQI, RBD1Q, ESS, 

12 days sleep 

diary 

DLB patients showed more daytime somnolence, and a higher proportion of RBD-like 

symptoms compared to AD patients and controls, regardless of drug treatment. DLB 

patients had a greater number of daytime naps and longer night sleep associated with 

clonazepam use 

Parkinsonism De Bruin et al.32 1996 PSP (11) 

HC (8); age- and 

gender-

matched 

Structured sleep 

questionnaire and 

interview, 

spirometry and 

inspiratory and 

expiratory 

pressures were 

assessed, BDI 

PSP reported fatigue, frequent nocturnal awakenings, immobility in bed more frequently 

than controls. All patients had regular breathing patterns 

Parkinsonism Moreno-López et 

al.33 

2011 MSA (86) 

PD (86); 

matched for 

age, gender and 

disease stage 

HC (86); age- 

and gender-

matched  

Modified ESS, 

PSQI, TSS, Sudden 

Onset of Sleep 

Scale, presence of 

RLS, presence of 

stridor 

MSA and PD scores were comparable but higher than HC. 28% of MSA and 29% of PD had 

EDS compared to 2% of HC. Significant differences in RLS: 27% of MSA, 14% of PD patients 

and 7% of HC had RLS 
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Parkinsonism Gama et al.34 2010 PD (16) 

MSA (13) 

PSP (13) 

HC (12) 

ESS, PSQI, IRLSSG, 

BQ 

Poor sleep quality, risk of OSA and RLS were detected in all groups. MSA showed highest 

risk of OSA. PSP showed frequent risk (57%) of RLS and related reduced sleep duration and 

efficiency 

Parkinsonism Bhalsing et al.35 2013 PD (134) 

PSP (27) 

MSA (21) 

DLB (5) 

HC (172) 

IRLSSG, PSQI, ESS, 

PDSS 

RLS was higher in patients than controls, and highest in PD (12%). RLS was only present in 

one patient with PSP and MSA and none with DLB. PSQI and ESS scores were higher in 

patients than controls 

Huntington’s 

Disease 

Goodman et al.36 2010 HD (66) 

Two age and 

gender-

matched HC 

groups: 

Carers (38) 

Non-carers (60) 

Questionnaire 

modelled on 

Parkinson’s sleep 

questionnaires – 

45 questions 

focusing on issues 

such as duration, 

quality of sleep 

abnormal 

nocturnal 

behaviour and 

QoL, BDI 

HD patients reported greater difficulty in falling asleep, maintaining sleep, taking more 

than an hour to get to sleep, needing ‘more sleep’, being awake at night and asleep during 

the day, and waking up early and not being able to go back to sleep compared to non-carer 

controls. More patients reported abnormal nocturnal behaviour and nocturnal painful 

muscle cramps 

Huntington’s 

Disease 

Hametner et al.37 2012 HD (26) 

HC (39); age- 

and gender-

matched 

PSQI 27% patients compared to 8% of HC complained of poor sleep quality 

Huntington’s 

Disease 

 

Aziz et al.38 2010 HD (63) 

Premanifest 

mutation 

carriers (21) 

HC (84) 

ESS, PSQI, SCOPA-

Sleep, BDI 

Sleep impairment was more prevalent in HD compared to controls; daytime sleepiness was 

normal in HD. SOL was delayed in HD compared to controls. Sleep disorders were 

associated with depression 

Huntington’s 

Disease 

Bellosta Diago et 

al.39 

2017 HD (38) 

HC (38) 

PSQI, ESS HD had more impaired sleep quality and more EDS than controls, these scores correlated 

to variability in circadian blood pressure  

Huntington’s 

Disease 

Bellosta Diago et 

al.40 

2018 HD (38): early 

stage and 

premanifest 

carriers 

HC (38); age- 

and gender-

matched 

PSQI, ESS, HAM-D HD patients had worse sleep quality compared to controls – they had increased sleep 

onset latency and later wake-up time. This was associated with depressive and anxiety 

symptoms 
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Huntington’s 

Disease 

Morton et al.41 2005 HD (8) 

HC (8)  

ESS, HDSS, sleep 

diaries, Actiwatch-

Neurologica to 

measure 

locomotor activity 

HD spent longer in bed than controls. Patients had an increase in nocturnal activity vs 

control 

Huntington’s 

Disease 

Hurelbrink et al.42 2005 HD (8) 

HC (8); age- and 

gender-

matched 

controls 

ESS, HDSS, sleep 

diary, Actiwatch-

Neurologica to 

measure 

locomotor activity  

HD patients showed more activity and spent more time making acceleration movements 

than controls. No significant difference between ESS and HDSS scores 

SCA Abele et al.43 2001 SCA1 (13) 

SCA2 (22) 

SCA3 (23) 

HC (40); age- 

and gender-

matched 

IRLSSG RLS present in 23% of SCA1, 27% of SCA2, 30% of SCA3 and 10% of controls. 105% vs 28% 

in all SCA patients 

SCA Friedman et al.44 2003 SCA3 (22) 

At risk (12) 

HC (17) 

ESS and two 

questions 

concerning RBD 

SCA3 had higher ESS scores than AR and HC. 56% of SCA3 endorsed both RBD questions 

and 16% of those at risk and 18% of HC 

SCA  Yang et al.45 2020 SCA3 (91) 

HC (85); age- 

and gender-

matched 

FS-14, PSQI, ESS, 

BDI 

SCA patients had significantly higher PSQI, BDI, ESS and FS-14 scores 

SCA Howell et al.46 2006 SCA6 (25) 

HC (25); age- 

and gender-

matched 

ESS, PSQI ESS and PSQI was higher in SCA6 patients than controls 

SCA 

 

Martins et al.47 2015 SCA1 (12) 

HC (15); age- 

and gender-

matched 

ESS, MFIS, BDI MFIS mean and sub scores were higher in SCA1 patients than controls. 100% vs 26.6% met 

the criteria for fatigue. Patients also had higher ESS scores, although only 3 patients 

presented with EDS 

SCA  

 

Moro et al.48 2017 SCA 10 (28) 

SCA 3 (28) 

HC (28) 

MFIS, ESS, RBDSQ, 

IRLSSG, BDI, HAM-

A 

RLS and RBD were uncommon in SCA10. ESS in SCA10 and SCA3 were higher than controls. 

Fatigue scores were higher in SCA10 and SCA3 compared to HC 

SCA 

 

Pedroso et al.49 2011 SCA3 (40) 

HC (38); age- 

and gender-

matched 

RBDSQ, IRLSSG, 

ESS, HAM-A, BDI 

RBD and RLS frequency was higher in SCA than controls. No difference in EDS. Depression 

and anxiety correlated with RDB 
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SCA Pedroso et al.50  2017 SCA2 (33) from 

9 families 

HC (26) 

ESS, RBDSQ, BDI, 

HAM-A, structured 

interview 

SCA2 had high frequency of RBD (48%) and EDS (42%) but ESS scores did not differ from 

HC. RLS was present in 18% but did not differ from HC (4%) 

SCA D’Abreu et al.51 2009 SCA (53) 

HC (106) 

ESS, NCS/EMG, 

questionnaire 

including items 

regarding RLS, 

cramps, RBD, 

SRBD 

ESS score was not different from controls. 45% of SCA3 patients had scores >10 compared 

to 29% in controls. Sleep complaints were higher in patients, particularly insomnia with 

suggestive evidence of higher OSA and RLS 

SCA 

 

Seshagiri et al.52 2018 SCA1 (6) 

SCA2 (5) 

SCA3 (7) 

HC (6) 

Overnight PSG Sleep spindle density significantly decreased in SCA 

Wilson’s Disease  Grandis et al.53 2017 WD (463) 

HC (14,742,438) 

North American 

Medical Databases 

Those with WD exhibited a higher risk for OSA by 29% 

Wilson’s Disease Portala et al.54 2002 WD (24) 

HC (24); age- 

and gender-

matched 

USI, qualitative 

questions about 

sleep patterns and 

sleep medication 

WD patients had a significant difference in the number of nocturnal awakenings, with 59% 

reportedly frequently being awake for more than 30 minutes during the night, Sleep 

paralysis and cataplexy occurred more in patients, and they complained significantly more 

of daytime fatigue and taking more naps  

Wilson’s Disease Netto et al.55 2011 WD (25) 

HC (24) 

PSQI, ESS On the PSQI 15 patients had an abnormal PSQI score, significantly more than controls. ESS 

was abnormal in three patients, with two controls meeting EDS criteria. Sleep assessments 

detected abnormalities in 16 WD patients compared to 8 controls 

Essential Tremor Benito-León et al.56 2013 ET (76) 

HC (3227) 

Self-reported 

sleep duration 

Those with ET had significantly shorter sleep duration than those without ET 

Essential Tremor Chen et al.57 2018 ET (100) 

HC (201) 

Interview and 

revised IRLSSG 

Two ET patients fulfilled the diagnosis of RLS, increased risk associated with the 

MAP2K5/SKOR1 gene 

Essential Tremor Peng et al.58 2020 ET (199) 

HC (132) 

NMSS ET was sub-grouped with and without head tremor, both groups showed high scores and 

prevalence (>50%) in difficulty falling asleep. Daytime sleepiness was significantly higher in 

patient subgroups than in the controls 

Essential Tremor Acar et al.59 2019 ET (40) 

HC (38) 

PSQI PSQI scores were significantly higher in patients than the control group 

Essential Tremor Chandran et al.60 2012 ET (50) 

HC (50) 

PSQI, ESS, PFS ET patients had a higher prevalence and higher mean scores of sleep disturbances and 

fatigue 

Essential Tremor Sengul et al.61 2015 ET (45) 

HC (35); age-, 

gender-, 

education-

matched  

ESS, PSQI, FSS Poor sleep quality and fatigue were common. EDS had a negative effect on physical and 

mental health 

Essential Tremor Wu et al.62 2016 ET (58) RBDSQ, 

NMSQuest 

ET patients had a significant increase in RLS. One of 60 ET patients screened positive for 

RBD, when compared to controls there was no significant difference 
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HC (123); age- 

and gender-

matched 

Essential Tremor Shalash et al.63 2019 ET (30) 

HC (30) 

NMSS, PSQI ET patients showed worse sleep and NMSS domains compared to controls that negatively 

affected quality of life 

Dystonia Timmers et al.64 2017 DRD (28), from 

ten families  

HC (28): age- 

and gender- 

matched 

PSQI, FSS, ESS, 

BDI, BAI 

Patients scored higher on ESS than controls. Health related quality of life was associated 

with worse quality of sleep. Patients did not significantly report more sleeping problems 

than controls  

Dystonia Avanzino et al.65 2010 BSP (52) 

CD (46) 

HC (56): age- 

and gender-

matched 

PSQI, ESS, BDI Reduced sleep quality (75% in BSP and 72% in CD); excessive daytime sleepiness. Dystonia 

severity and duration uncorrelated with PSQI in BSP. In CD, no correlation with PSQI when 

adjusted for BDI. BDI score accounted for poorer sleep quality in only CD 

Dystonia Yang et al.66 2017 BSP (60) 

CD (60)  

HC (60): age-, 

gender-, and 

education-

matched 

PSQI, ESS, HAM-D, 

HAM-A 

Reduced sleep quality (CD 71%, BSP 55%) vs controls. ESS not significantly different 

between patient and controls (CD 20%, BSP 25%) 

Dystonia Smit et al.67 2017 CD (44) 

HC (43): age- 

and gender- 

matched 

FSS, ESS, PSQI, 

BDI, BAI 

Snoring was more prevalent in patients than controls. Patients scored worse on ESS, FSS 

and PSQI   

Dystonia Paus et al.68 2011 CD (111) 

BSP (110) 

HC (93): age-

matched to CD 

patients 

PSQI, ESS, 

examined for 

sleep bruxism, “Do 

you have 

problems with 

sleep?”, RLS, BDI 

PSQI showed disturbed sleep quality higher than controls (BSP 46% and 44% in CD) and 

mean score higher. ESS was normal (BSP 7%, CD5%). Increased % of those with RLS (BSP 

20%, CD 18%). BDI significantly lower in controls. Pain significantly more common in CD vs 

BL (87 vs 34%). 100% of CD patients attributed the pain to their dystonia vs 62% of BSP 

patients with pain 

Dystonia Trotti et al.69  2009 CD (43) 

HC (49): age- 

and gender-

matched 

Other focal 

movement 

disorders (19) 

ESS EDS were excessive in patients compared to controls 

Dystonia Eichenseer et al.70 2014 CD (54) PSQI, ESS, BDI, 

HAM-A 

Impaired sleep quality was twice as common in CD patients compared to matched controls 

and sleep disturbances did not improve despite improvement in CD motor symptoms  
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HC (55): age- 

and gender-

matched 

Dystonia Ferrazzano et al.71 2019 BSP (60) 

HC (40) age-

matched 

PSQI, HAM-A, 

HAM-D 

BSP had more sleep disorders, higher PSQI scores than controls  

Dystonia Novaretti et al.72 2019 CD (28) 

BSP (28) 

WC (24) 

HC (80) age-, 

gender-, 

education 

matched 

 

PSQI, ESS, BDI, BAI Patients reported worse quality of sleep. ESS was normal. All three patients had body 

movements during REM sleep, significantly more than controls  

Tic Disorders Lee et al.73 2017 TS (1124) 

HC (3372) 

National database 

review  

Incidence rate of sleep disorders was 7.2% in children with TS compared to 3.5% in 

controls. Anxiety disorder was associated with highest risk for sleep disorders  

Tic Disorders Ricketts et al.74  2018 TS (298)  

History of TS 

(122)  

HC (254) 

Data taken from 

NSCH survey, 

parent interview 

Controls shown to have 1.5 times more nights of sufficient sleep compared to both tic 

disorder groups. Older adolescent males with mild tic disorder had significantly fewer 

nights of sufficient sleep than children and early adolescents. Female early adolescents 

with moderate/severe tic disorder had fewer nights of sufficient sleep relative to males 

Tic Disorders Comings & 

Comings75 

1987 TS (247) 

ADD (17)  

HC (47) 

Questionnaire 

examining sleep 

history and sleep 

problems 

(parent/patient) 

TS increased frequency of sleepwalking, night terrors, trouble getting to sleep, early 

awakening, and inability to take afternoon naps as a young child 

 

Tic Disorders Saccomani et al.76 2005 TS (48)  

CTD (48)  

HC (30); age-

matched 

Interview for sleep 

problems (parent 

and child) 

Sleep problems present in 27.1% TS and 16.7% CTD  

Tic Disorders Modafferi et al.77  2016 TS (28)  

CTD (8)  

HC (266); age- 

and gender-

matched 

SDQ-45 (parent)  Sleep was significantly more disturbed in patients with tic disorders than in controls. 

Difficulties in initiating sleep and increased motor activity during sleep were the most 

frequent sleep disturbances. Higher anxiety symptoms associated with increased motor 

activity during sleep 

Tic Disorders Allen et al.78  1992 TS (57)  

TS+ADHD (89)  

HC (146); age-

matched 

Modified version 

of MSPSQ (parent)  

Increased sleep difficulties related to additional presence of ADHD.  The complaint of poor 

sleep occurred in 26% with TS-only, 48% with ADHD-only, and 41% with TS+ADHD; all were 

significantly different from 10% found in controls 
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Tic Disorders Rickett et al.79 2018 TS (39) 

HC (18) 

Actigraphy, 

children’s sleep 

habit 

questionnaire 

(parent), sleep 

self-report (child) 

TS had increased sleep onset-latency, reduced sleep efficiency, increased WASO, and 

increased number of awakenings compared to controls. There were no differences in 

questionnaire reports 

Tic Disorders Moeller and Krieg80  1992 TS (2); adults 

HC (14) 

Sleep EEG  Decreased percentage of slow wave sleep  

Mixed Adler et al.81 2011 PD (49/60) 

RLS (30/39) 

ET (53/93) 

HC (175/296) 

ESS, MSQ, IRLSSG, 

“Have you even 

been told that you 

act out your 

dreams?” as a 

marker for RBD 

Probable RBD was more frequent in PD than in RLS, ET and controls. PD patients with ESS ≥ 

10 was higher in (48%), than RLS (31%), ET (13%) and controls (11%) 

Mixed Boddy et al.82  2007 DLB (41) 

PD (39) 

PDD (42) 

AD (42) 

HC (41) 

PSQI, ESS Prevalence of EDS remained higher in PDD and DLB than AD. PDD, PD and DLB patients had 

worse sleep quality when compared with AD and controls 

Mixed Lee et al.83 2015 ET (60) 

PD (30) 

HC (22) 

PSQI, ESS ET patients had significant excessive daytime somnolence compared to controls 

Mixed Gerbin et al.84 2012 ET (120) 

PD (40) 

HC (120) 

PSQI, ESS ESS scores were significantly higher in ET patients compared to controls. The global PSQI 

was not significantly different 

Mixed Aldaz et al.85 2019 HD (53) 

PD (45) 

HC (25); age-

matched to HD 

patients 

NMSQuest HD patients scored higher than PD on delusions, nightmare, and higher than controls on 

acting out dreams, insomnia, intense vivid dreams  

Key: AD: Alzheimer’s Disease, ADHD: Attention Deficit Hyperactive Disorder, BAI: Beck’s Anxiety Inventory, BDI/-2: Beck’s Depression Inventory, BQ: Berlin Questionnaire, BSP: 

Blepharospasm, CD: Cervical Dystonia, CTD: Chronic Tic Disorder, DLB: Dementia with Lewy Bodies, DRD: Dopamine-responsive dystonia, EDS: Excessive Daytime Sleepiness, EMG: 

Electromyography, ESS: Epworth Sleepiness Scale, ET: Essential Tremor, FS-14: Fatigue Scale, FSS: Fatigue Severity Scale, HAM-A: Hamilton Anxiety Rating Scale, HAM-D: Hamilton Depression 

Rating Scale, HC: Healthy control, HD: Huntington’s Disease, HDSS: Hungtinton’s Disease Sleepiness Scale, IRLSSG: International Restless Leg Syndrome Study Group, ISI: Insomnia Severity 

Index, JHRLS: John Hopkins Restless Leg Syndrome Severity Scale, MEQ: Morningness–Eveningness Questionnaire, MFIS: Modified Fatigue Impact Scale, MSA: Multiple System Atrophy, 

MSPSQ: Modified Simonds and Parraga Sleep Questionnaire, MSQ: Mayo Sleep Questionnaire, NCS: Nerve Conduction Study, NMSQuest: Non-Motor Symptoms Questionnaire, NMSS: Non-

Motor Symptoms Scale, OSA: Obstructive Sleep Apnea, PD: Parkinson’s Disease, PDD: Parkinson’s Disease with Dementia, PDSS/-2: Parkinson's Disease Sleep Scale, PDQ-8/39: Parkinson's 

Disease Quality of Life, PLMS: Periodic Limb Movement during Sleep,  PSP: Progressive Supranuclear Palsy, PSQI: Pittsburgh Sleep Quality Index, RBD: Rapid Eye Movement sleep Behaviour 

Disorder, RBDSQ: Rapid Eye Movement Sleep Behaviour Disorder Screening Questionnaire, RBD1Q: Rapid Eye Movement Sleep Behaviour Disorder Single-Question screen, REM: Rapid Eye 
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Movement sleep, RLS: Restless Leg Syndrome, SCA: Spinocerebellar Ataxia, SCOPA-Sleep: Scales for Outcomes in Parkinson's Disease in Sleep, SDQ-45: Sleep Disorder Questionnaire, SRBD: 

Sleep-related Breathing Disorder, TS: Tourette’s Syndrome, TSS: Tandberg Sleepiness Scale, USI: Uppsala Sleep Inventory, WASO: Wake After Sleep Onset, WC: Writer’s Cramp, WD: Wilson’s 

Disease, ZARS: Zung’s Self-Rating Anxiety Scale, ZDRS: Zung’s Self-Rating Depression Scale. 
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Supplementary Table 6: Case-Control Studies with Polysomnography involving patients diagnosed with Parkinson’s Disease, Dementia with Lewy Bodies, 

Multiple System Atrophy and Progressive Supranuclear Palsy 

 

Disorder Author Year Cohort  Assessment Outcome 

Parkinson’s 

Disease 

Maria et al.1 2003 PD (15) 

HC (15) 

Full night of PSG 9 PD patients met the criteria for OSA and 1 for CSA – all had reduced REM percentage 

sleep. 

Parkinson’s 

Disease 

Sixel-Döring et al.2 2016 PD (113) 

HC (102) 

PSG De novo baseline compared to a two year follow up showed patients with PD had 

increased RBD from 25% to 43%, whereas, HC had an increased from 2% to 4%, although 

this did not reach statistical significance  

Parkinson’s 

Disease 

Ferri et al.3 2012 PD (27) 

HC (19) 

PSG Patients had a reduced total sleep time and sleep efficiency, increased WASO, reduced N2 

percentage, and increased RWA compared to controls  

Parkinson’s 

Disease 

Christensen et al.4 2014 PD+RBD (15) 

PD-RBD (15) 

iRBD (15) 

HC (15) 

At least one night of 

PSG 

Sleep spindles in PD+RBD were significantly lower than control groups in N2, N3 

Parkinson’s 

Disease 

Christensen et al.5 2015 PD (15) 

HC (15);  

PSG PD patients showed significantly different sleep spindles from controls, in terms of 

duration, amplitude, density and frequency 

Parkinson’s 

Disease 

Bunner et al.6 2002 de novo PD (9) 

HC (10) 

PSG There were no significant differences in the conventional sleep parameters between de 

novo patients with PD and controls. After medication was started N1 sleep and the 

number of awakenings increased significantly 

Parkinson’s 

Disease 

Cai et al.7 2019 PD (27) 

HC (20) 

PSG REM sleep latency, percentage REM, sleep efficiency, total sleep time and N3 was reduced 

in PD patients compared to controls  

Parkinson’s 

Disease 

Apps et al.8 1985 PD (12)  

HC (12) 

PSG Patients had more frequent wakes than controls and spent a longer time awake, this was 

associated with a shorter duration of REM sleep in PD. Six patients had REM sleep for less 

than one minute. Respiratory rate was greater in the control group during REM sleep 

Parkinson’s 

Disease 

Cesari et al.9 2018 PD-RBD (25) 

PD+RBD (29) 

HC (27), iRBD (29) 

PLMD (36) 

PSG PD+RBD had higher PLMS/h than controls. Both PD groups had significantly reduced sleep 

efficiency and increased REM sleep latency, reduced percentage N2 sleep, PD-RBD had 

increased N3 percentage and PD+RBD had reduced N3 sleep compared to controls 

Parkinson’s 

Disease 

Palma et al.10 2013 PD (33) 

HC (29);  

One night of PSG No differences in sleep parameters were noted between the two groups, there was also no 

differences in AHI and PLMS 

Parkinson’s 

Disease 

Puligheddu et al.11 2014 PD (44) 

HC (18) 

PSG  PD patients having drug therapy had reduced N2 sleep compared to controls, and PD 

patients taking therapy had reduced N3 sleep compared to PD patients without treatment 

Parkinson’s 

Disease 

González-Naranjo et 

al.12 

2019 PD (77) 

HC (20) 

PSG Patients showed reduced N2, N3 and REM sleep stages compared to controls, and 

increased sleep wakefulness  

Parkinson’s 

Disease 

Happe et al.13 2004 PD (12) 

HC (10) 

One night of PSG There was no difference in sleep spindles in PD and controls 

Parkinson’s 

Disease 

Wailke et al.14 2011 PD (32) 

HC (16) 

PSG Compared to controls, patients with PD had decreased total sleep time, REM sleep and N3 
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Parkinson’s 

Disease 

Priano et al.15 2019 PD (31) 

HC (34);  

Two nights of PSG PD patients showed significant increase in sleep onset latency, wake after sleep onset, 

increase N2 sleep, and a decrease in sleep efficiency and N3 sleep. PLM index was 

increased compared to controls 

Parkinson’s 

Disease 

Wetter et al.16 2001 de novo PD (17) 

HC (10) 

PSG There was no difference in sleep architecture and PLM between both groups 

Parkinson’s 

Disease 

Amato et al.17 2018 PD (36) 

HC (7);  

One night of PSG 

and 7 nights of 

Actigraphy 

6 PD patients had RBD/RWA. Sleep architecture correlated with disease duration, including 

total sleep time, sleep efficiency and slow wave sleep 

Parkinson’s 

Disease 

Bolitho et al.18 2014 PD (29); 13 

unmedicated and 

16 medicated 

HC (27);  

Overnight PSG, 14 

nights of Actigraphy 

Sleep onset latency was lower in unmedicated PD compared to medicated and controls 

Parkinson’s 

Disease 

Zhang et al.19 2019 PD+RBD (12) 

iRBD (15) 

HC (23);  

Overnight v-PSG, 

SCOPA-Sleep 

PD+RBD patients had an increased in N1, decreased N2 and N3 percentage and higher 

PLMI than healthy controls 

Parkinson’s 

Disease 

Wienecke et al.20 2012 Advanced PD (10) 

Early/drug naïve 

(5) 

HC (10);  

PSG, ESS, questions 

relating to RBD and 

sleep paralysis  

Advanced patients were significantly sleepier than controls and early PD patients on MSLT, 

sleep apnea and PLMS was not significantly different 

Parkinson’s 

Disease 

Mariotti et al.21 2015 PD+RBD (49) 

PD-RBD (36) 

HC (3) 

Two consecutive 

nights of v-PSG, 

dream content was 

analysed, PSQI, ESS 

No differences were seen in PSG scores, with the exception of atonia index which was 

elevated in PD+RBD 

Parkinson’s 

Disease 

Rye et al.22 2000 PD (27) 

HC (13) 

One night of PSG, 

MSLT 

PD patients as a group were not sleepier than controls, MLST on the first day were non-

significant. But patients had considerable MSLT variability and sleepiness was common 

(30% ≤ min) 

Parkinson’s 

Disease 

Placidi et al.23 2008 de novo PD (12) 

HC (12);  

Two nights of PSG, 

ESS 

PD patients had lower sleep efficiency, increased WASO compared to controls, but no 

other sleep macrostructure differences at baseline. After the introduction of medication, 

patients had a reduction in N3 sleep 

Parkinson’s 

Disease 

Imbach et al.24 2016 PD (70) 

HC (64);  

v-PSG, ESS On PSG only arousal index was increased, ESS was also increased 

Parkinson’s 

Disease 

Schroeder et al.25 2016 PD (81) 

HC (31) 

PSG, PDSS, ESS, 

NMSQuest,  

Only REM density was decreased in comparison to controls. No other PSG parameters 

were 

Parkinson’s 

Disease 

Margis et al.26 2015 PD drug-naïve (8) 

HC (9) 

PSG, PSQI, ESS, BDI No differences in PSG sleep parameters, but elevated PSQI scores in PD patients compared 

to controls 

Parkinson’s 

Disease 

Diederich et al.27 2005 PD (49) 

HC (49);  

Retrospective one of 

night PSG analysis 

43% of PD patients had SAS with 7 having severe SAS. PD patients had more deep sleep 

and nocturnal awakenings than controls  

Parkinson’s 

Disease 

Gagnon et al.28 2002 PD (33) 

HC (16);  

One night of PSG, 

structured clinical 

interview  

PSG increased the sensitivity diagnosis of RBD. 33% of patients met the criteria of RBD and 

none of the controls met criteria. Patients with PD (58%) had more RWA than controls (6%) 

and nearly 2/3 of patients had EMG activity during at least 20% of total REM sleep 
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Parkinson’s 

Disease 

Sixel-Döring et al.29  2014 PD (158) – newly 

diagnosed and 

medication naïve 

HC (110);  

Two nights of PSG, 

RBD defined by 

ICSD-2, RBDSQ 

RBE was detected in 51% of PD patients and 15% of HC. RBD in 25% of all patients and 2% 

of controls 

Parkinson’s 

Disease 

Gagnon et al.30 2004 PD+RBD (7) 

PD-RBD (8) 

HC (15) 

PSG, ESS No difference between groups were found in PSG variables 

Parkinson’s 

Disease 

Arnaldi et al.31 2016 PD+RBD (10) 

PD-RBD (10) 

iRBD (10) 

HC (10) 

PSG, ESS Both PD groups had worsened sleep efficiency and decreased total sleep time compared to 

controls. PD+RBD patients had lower percentage N3 than controls and higher sleepiness 

scores than controls. No difference in AHI, N1 and REM sleep were observed between 

groups 

Parkinson’s 

Disease 

Zhong et al.32 2013 PD (12) 

HC (11) 

Two nights of PSG, 

RBDSQ 

No differences in PSG sleep parameters compared to controls. Five patients had self-

reported RBD compared to no controls, four of these demonstrated RWA on PSG 

Parkinson’s 

Disease 

Happe et al.33 2005 PD (17) 

HC (62); a 

Two nights of PSG, 

PSQI, two weeks of a 

sleep log, SSA 

PD patients showed reduced subjective sleep, quality of time awake, decreased sleep 

duration and reduced sleep efficiency compared to controls. Objective and subjective 

ratings were impaired in PD patients 

Parkinson’s 

Disease 

El-Senousy et al.34 2012 PD (24) 

HC (10) 

Overnight PSG, PDSS Sleep disturbances correlated to disease duration and severity. PD patients had increased 

AHI, worse PDSS scores, increased sleep latency, reduced sleep efficiency, reduced REM 

sleep compared to controls  

Parkinson’s 

Disease 

Diederich et al.35 2013 PD (33); early 

stages of disease 

HC (37);  

One night of PSG, 

PDSS 

Total sleep time, sleep efficiency, awakenings, PLM, arousal and apnea/hypopnea were 

similar in both groups. PD patients had reduced REM sleep. PDSS scores were lower in PD 

than control group  

Parkinson’s 

Disease 

Yong et al.36 2011 PD (56) 

HC (68); a 

Overnight PSG, 

MSLT, ESS 

PD patients had shorter total sleep time, lower sleep efficiency and increased REM sleep 

latency compared to controls. ESS scores were higher in PD patients 

Parkinson’s 

Disease  

Dhawan et al.37 2006 PD drug naïve 

(25) 

PD advanced (34) 

HC (131) 

Overnight PSG (in 

those with abnormal 

ESS: 9), PDSS, ESS 

Controls reported higher PDSS scores than both groups of patients. PSG revealed OSA in 7, 

PLMS in 5, RBD in 1 

Parkinson’s 

Disease 

Buskova et al.38 2011 PD drug-naïve 

(20) 

HC (15);  

Three nights of PSG, 

MSLT, ESS, PSQI, 

PDSS  

PSQI scores were higher in PD compared to control. ESS did not differ between groups. ESS 

was abnormally high in one patient, short MSLT was found in 3 patients. PSG showed 

higher RWA percentage in patients (28%) compared to controls (3%) 

Parkinson’s 

Disease  

Ferreira et al.39 2014 PD drug-naïve 

(23) 

HC (31);  

PSG, PDSS, ESS Drug naïve patients had lower PDSS scores than controls. Reduced N3 and REM sleep, and 

increased sleep latency and WASO were seen. Medication improved sleep efficiency and 

reduced sleep latency 

Parkinson’s 

Disease 

Cochen De Cock et 

al.40 

2010 PD (100 – 50 

referred for 

sleepiness) 

HC (50);  

One night of PSG, 

ESS 

Sleep apnea was frequent in PD patients (27%) vs in-hospital controls (40%). PD patients 

had reduced total sleep time and increased WASO 
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Parkinson’s 

Disease 

Shpirer et al.41 2006 PD (46) 

HC (30);  

One night of PSG, 

MSLT, ESS, HAM-D 

PD patients were sleepier than controls (higher ESS – 50% >10 score), had a shorter total 

sleep time and REM sleep, sleep efficiency was lower, and N2 was longer compared to 

controls. 26% vs 0% of PD patients vs controls had RBD 

Parkinson’s 

Disease 

Loo et al.42 2008 PD (200) 

HC (200) 

PSG in four PD 

patients with RLS, 

PSQI 

RLS present in 0.5% of controls and 3% of PD patients (non-significant). PD patients had 

higher PSQI scores on all components than controls 

 

 

Parkinson’s 

Disease 

Breen et al.43 2014 PD (30) 

HC (15) 

Two nights of PSG, 

14 nights of 

Actigraphy, ESS, 

PSQI, PDQ-39, PDSS, 

RBDQ-HK  

Subjective complaints were present in almost half of newly diagnosed patients. PD patients 

had increased sleep latency, reduced sleep efficiency and reduced REM sleep 

Dementia with 

Lewy Bodies 

Hibi et al.44 2012 DLB (9) 

AD (12) 

HC (10) 

Overnight PSG RBD was significantly higher in DLB (44%) compared to AD and controls (0%), as well as 

higher mean PLMS indices (81.8) compared to controls (23) 

Multiple System 

Atrophy 

Cao et al.45 2018 MSA (40) 

HC (40) 

PSG, PDQ-39, ESS, 

HAM-D, HAM-A 

MSA had longer SOL, reduced TST and REM time, increased arousal and reduced sleep 

efficiency compared to controls. SBD was found in 65% of MSA patients compared to 20% 

in HC. Patients with SBD had more frequent occurrences of ESS, hypopneas, OSA, higher 

HAM-D scores compared to those without SBD 

Multiple System 

Atrophy 

Guo et al.46 2013 MSA (30) 

HC (20);  

PSG PSG revealed that 29 patients had altered sleep architecture alteration. Longer N1, shorter 

REM, decreased sleep efficiency and total sleep time. 21 had OSA. Total sleep time was 

negatively correlated to motor disability 

Progressive 

Supranuclear Palsy 

Montplaisir et al.47 1997 PSP (6) 

HC (6);  

Overnight PSG, 

MSLT on 3 patients 

Patients with PSP had shorter total sleep time, lower REM percentage, and lower sleep 

efficiency compared to controls. Sleep spindles were nearly absent in PSP patients. MSLT 

showed high inter-subject variability  

Progressive 

Supranuclear Palsy 

Walsh et al.48 2017 PSP (20) 

HC (16) 

Overnight PSG, 

MSLT, SSS 

PSP took longer to fall asleep and more WASO, reduced N2, N3 and REM sleep compared 

to controls. During MSLT PSP took longer to fall asleep and subjectively reported sleepier 

on SSS 

Mixed Cohort Wetter et al.49 2000 PD (10) 

MSA (10) 

HC (10) 

Two nights of PSG Lower total sleep time, sleep efficiency, and sleep period time in PD and MSA compared to 

controls. PLMS were higher in PD but not MSA. 5 PD and 7 MSA patients had abnormal 

REM features compared to no HC 

Mixed Cohort Li et al.50 2017 iRBD (22) 

MSA (21) 

PD (22) 

HC (21) 

One night of PSG MSA and PD patients had shorter total sleep time, worse sleep efficiency, longer REM 

latencies, more PLMS and spent less time in N2. MSA patients also had lower percentage 

of sleep N2, and greater AHI. Loss of RWA was found in all MSA patients. The duration of 

RBD was positively correlated with PLM in the MSA patient group 

Mixed Cohort Rekik et al.51 2018 PD (45) 

MSA (45) 

HC (45);  

Overnight PSG Higher PLMI and RBD behaviour was more frequent in MSA patients compared to PD and 

HC. 62% of MSA patients had SBD 
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Mixed Cohort Arnulf et al.52 2005 PSP (15) 

PD (15) 

HC (15) 

Overnight PSG, 

MSLT, sleep 

interview 

RWA and RBD were frequent in PSP and PD. PSP had longer WASO and twice as much 

sleep fragmentation and percentage of N1 sleep than PD and HC. Similar AHI, PLMI and 

mean daytime sleep latencies in PSP and HC 
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