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Learning Objectives 

•  To understand the epidemiology and etiology of sleep disorders in 
parkinsonism  

•  To discuss diagnostic approaches for sleep disorders in parkinsonism  

•  To discuss treatment approaches for sleep disorders in parkinsonism  
  



SLEEP IN PARKINSON’S DISEASE  

 “In this stage, the sleep becomes 
much disturbed. The tremulous 
motion of the limbs occur during 
sleep, and augment until they 
awaken the patients, and 
frequently with much agitation and 
alarm.” 

 
 “…when exhausted nature seizes 
a small portion of sleep, the 
motion becomes so violent as not 
only to shake the bed-hangings, 
but even the floor and sashes of 
the room.” 

 
 

James Parkinson 1817  



Adapted from Langston, 2006 



Study of sleep dysfunction in PD 
- challenges - 

•  Under-diagnosed and under-reported problem  

•  Heterogeneous population 

•  Etiology of sleep dysfunction in PD 
–  Co-existent primary sleep disorders  
–  Primary neurodegenerative process of PD  
–  Influence of PD symptoms / signs / medications on sleep and 

alertness  





Sleep in Parkinson’s disease 

•  Excessive daytime sleepiness (EDS) 

•  Nocturnal sleep disturbances 

•  Prevalence – varies widely 
•  Definition of sleep disturbance 
•  Method of ascertainment 
•  Study population 

•  As many as 80-90% of PD patients have some disturbance of sleep 
patterns 

 
 



Nocturnal sleep disturbances in PD 

•  Insomnia 

•  Sleep disordered breathing 

•  RBD 

•  RLS / PLM 

•  Other causes 
•  Recurrent symptoms of PD, depression, nocturia, pain etc. 





Insomnia  
- management - 

•  No Selegiline or Amantadine late in the day 
•  Minimize fluid intake before bedtime 
•  Diuretics earlier in the day 
•  Bedside commode 
•  Anticholinergics for nocturia 
•  Management of depression / psychiatric co-morbidities 
•  Identification of co-existent sleep disorders 



•  Eszopiclone – Menza et al. Mov Disord 2010 
•  Melatonin – Medeiros et al. J Neurol 2007 
•  Sodium oxybate – Ondo et al. Arch Neurol 2008 
•  Rotigotine – Trenkwalder at al. Mov Disord 2011 



Dobkin et al. Am J Geriatr Psychiatry 2011 

Menza et al. Neurology 2009  

Richard et al. Neurology 2012 



RBD in PD 



RBD 

Diagnostic Criteria 

 

A. Repeated episodes of sleep related vocalization and/or complex motor behaviors. 

B. These behaviors are documented by polysomnography to occur during REM sleep or, 

based on clinical history of dream enactment, are presumed to occur during REM sleep. 

C. Polysomnographic recording demonstrates REM sleep without atonia (RWA) 

D. The disturbance is not better explained by another sleep disorder, mental disorder, 

medication, or substance use. 

American Academy of Sleep Medicine,  
International Classification of Sleep Disorders, 3rd ed., 2014 







Neurology 1996 46:388-93. 

Lancet Neurol 2006 5: 572–77 

R.B. Postuma, MD: J.F. Gagnon, PhD;M. Vendette, BSc; M.L. Fantini, MD; J. Massicotte-Marquez, PhD; J. Montplaisir, MD,PhD 
Neurology 2009 72:1296–1300 

29 iRBD aged > 50 after 12.7±7.3 years            PS 38% (1996)           81% 

44 RBD after 11.5 years: 45% PD/DLB/MSA/MCI 

93 Patients  
§  5-Year Risk  17.7% 
§ 10-Year Risk   40.6% 
§ 12-Year Risk   52.4%  for Parkinson Syndrome or MCI 



RBD – diagnosis 
 

 Polysomnography  

 



Proposed cut-off values for RBD detection 

Authors Investigated 
EMG measures 

Proposed  
Cut-off scores 

Investigated 
muscles 

Epoch 
duration 

Scoring 
system 

Ferri 2008, 2010 REM atonia index 
  

0.8 chin N/A semiautomatic 

Montplaisir 2010 
  
  
  

Phasic EMG activity 
Tonic EMG activity 
Leg movements 

15% 
30 % 
24 

chin 
chin 
tibialis 
anterior 

2 
20 
N/A 

manual scoring 
  

SINBAR 
(Frauscher 
2012)* 

Any EMG activity 
Phasic EMG activity 
SINBAR EMG 
activity 
  
Tonic EMG activity 
Any EMG activity 
Phasic EMG activity 
SINBAR EMG 
activity 

18 % 
16 % 
32 % 
  
10 % 
15 % 
11 % 
27 % 

chin 
chin 
chin + FDS 
  
chin 
chin 
chin 
chin + FDS 

3 
3 
3 
  
30 
30 
30 
30 

manual scoring 

Frauscher & Högl, in Sleep and Circadian Rhythms in Parkinson’s Disease. Videnovic, Högl (eds.), Springer 2015  



RBD – diagnosis 
 

Questionnaires 

Frauscher & Högl, in Sleep and Circadian Rhythms in Parkinson’s Disease. Videnovic, Högl (eds.), Springer 2015  



RBD – treatment  

Arnulf,  Mov Dis, 2012 

 
Protective measures 



                               RLS and PD 
 
Similarities 
- dramatic response to dopaminergic agents 
- aggravated by dopaminergic antagonists 
- associated with PLMS 

Differences  
 
PD 

- neuronal loss 
- Lewy bodies 
- Increased iron deposition in the SNc    

 
RLS 

- absence of neuronal loss 
- absence of Lewy bodies 
- depleted iron stores in dopaminergic areas   

 



RLS and PD 

Videnovic, 2007 



RLS and PD 
 

•  No prospective studies of RLS cohorts have assessed the risk for 
subsequent development of PD 

•  Confounding factors 
•  Dopaminergic treatment 
•  Ferritin levels 
•  Sensory symptoms of PD / lower limb restlessness with motor 

fluctuations (akathisia, severe off states, inner tremor, dystonic 
postures) 



RLS and PD 
- treatment - 

•  Dopaminergic medications 

•  Benzodiazepines 

•  Anticonvulsants 

•  Opioids 
 



Sleep disordered breathing and PD 

•  Initial reports in postencephalitic parkinsonism 

•  Early studies reported higher prevalence of SDB in PD compared with the 
general population 

•  Epidemiological data are somewhat limited 
•  Affects up to 50%  
•  In 20% moderate to severe OSA 

•  Obstructive, central, and mixed apneas may be equally represented in PD 

•  PD patients with OSA have normal BMI 

•  No clear relationship between OSA and disease duration, severity, and 
medication regimen 

Arnulf et al, 2002, Chotinaiwattarakul  et al, 2011, Diederich et al, 2005, Noradina et al, 2010 



Patients with an AHI ‡ 15 were more likely to be
male (P 5 0.03) and to have a shorter duration of PD
diagnosis (P 5 0.048). Those with AHI ‡ 15 had a
nonsignificant trend toward being older (P 5 0.10).
BMI, ESS, levodopa daily dosage, dopamine agonist
daily dosage, and other surveyed clinical features did
not predict AHI.

DISCUSSION

Given the known upper airway and lung function
abnormalities in PD, we expected an increased fre-
quency of OSA relative to a control population, but
our PD patients had similar rates of OSA to those seen
in SHHS. A few previous polysomnographic studies of
PD patients have reported on OSA, and these found
rates of OSA of at least moderate severity (AHI > 15)
of 20–27%;12–16 using an AHI of greater than 10,
another study found a higher prevalence of 56% in
PD.17 These rates are somewhat higher than what we
saw here, but some of these studies may have used
patients who were selected because of excessive day-
time sleepiness or who were referred for polysomnog-
raphy for clinical purposes, so some bias might exist to
overestimate the prevalence of OSA in PD. In a study
using hospitalized patients without PD as controls,
Cochen de Cock and colleagues actually found a lower
rate of OSA in PD than in controls, with 21% of PD
patients showing moderate or severe OSA.14 Taken
together, these results suggest that OSA is unlikely to
be more common in PD than in the general population.
Our reporting of 165 total nights of sleep in 55 patients
makes this one of the largest series to date to investi-
gate OSA in PD. Further, the use of multiple nights
within patients shows that sleep apnea severity is sta-
ble from night to night in this patient population.

Of the clinical and demographic features measured
in our population, only male gender and shorter dura-
tion of PD were associated with sleep apnea. Factors
commonly used to screen patients for potential sleep
apnea before a diagnostic study, such as snoring, day-
time sleepiness, and elevated BMI, were not predictive
of sleep apnea in these PD patients. The absence of a

relationship between ESS and OSA in our patients is
particulary noteworthy. The frequent presence of day-
time sleepiness in PD, whether a component of the dis-
ease itself or the medications used to treat it,12 could
weaken sleepiness as a relevant predictor of OSA in
this population.

One limitation of our study is that we employed pre-
viously published data on normative levels of sleep
apnea, rather than controls established within our labo-
ratory. Although the latter are sometimes preferred, the
population-based, age-comparable data on sleep apnea
prevalence established by the SHHS, which encom-
passes a wide range of socioeconomic subpopulations
from different geographic regions of the United States,
may actually provide enhanced generalizability of the
data on sleep apnea across a wide range of participants
that could not be available at any single site. Our data
do not argue against the fact that some patients with
idiopathic PD or other parkinsonian conditions18 may
develop OSA and may benefit from treatment, but they
do suggest that for idiopathic PD patients as a group,
OSA does not represent a condition with higher than
expected prevalence relative to a population of compa-
rable demographics.
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TABLE 1. Frequency of sleep apnea of varying severity in PD patients and controls

AHI < 1.5 AHI 1.5–4.9 AHI 5–14.9 AHI 15-29.9 AHI ‡ 30

PD patients 18 (32.7%) 13 (23.6%) 16 (29.1%) 6 (10.9%) 2 (3.6%)
SHHS controls 1691 (27.6%) 1598 (26.1%) 1751 (28.6%) 719 (11.7%) 373 (6.1%)

P 5 0.87.
Data represent the total number of subjects in each category of AHI severity, followed by percentage of total number of subjects within the

group (patients or controls). Data for controls from.9
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leg movement indexes were not different (Table 2). In the group of
patients with PD, the sleepy patients had better sleep quality, as
indicated by a shorter total sleep period, reduced wakefulness after
sleep onset, shorter sleep onset latency, and increase of sleep stage
3–4 (but not when slow wave sleep was expressed in minutes),
compared to the unselected patients. However, they had more fre-
quent arousals.

3.3. Sleep-disordered breathing

In the PD group (n = 100) 27% of patients had sleep apnea,
including 6% with mild, 11% with moderate and 10% with severe
sleep apnea. Surprisingly, the PD patients had less frequent sleep
apnea than the controls (40%, p < 0.002), lower apnea–hypopnea
indexes and higher minimum oxygen saturation (Table 2). The per-
cent of central and mixed apnea were similar in the controls and in
the patients with PD. The frequency of sleep apnea was not differ-
ent in the unselected PD patients (20.4%) than in the PD patients
referred for sleepiness (34%, p = 0.18). The PD patients referred

for sleepiness had no more respiratory events than the controls,
but they had higher apnea–hypopnea indexes (and non-different
apnea indexes) than the unselected PD patients. There was no per-
iod of hypoventilation or stridor in the PD patients, whether during
REM or non-REM sleep.

In the PD group, 27 patients had sleep apnea (Table 3). They did
not differ from the 73 PD patients without sleep apnea in terms of
demography (age, male sex), body mass index, cardiovascular risk
factors (although p = 0.07), use of benzodiazepines, and symptoms
associated with sleep apnea syndrome (snoring, nocturia, daytime
sleepiness, depression as assessed by the need for antidepressant
therapy, cognitive impairment). Patients with sleep apnea had a
more severe PD as shown by a greater motor disability than pa-
tients without sleep apnea. Furthermore there was a weak but sig-
nificant correlation between the motor disability score and the
apnea index (r = 0.25, p = 0.0014). The minimum oxygen saturation
did not correlate with cognitive impairment, motor disability and
the dose of dopaminergic treatment. There was no correlation be-
tween the apnea/hypopnea indexes and age, sex, body mass index,
disease course, use of antidepressants or benzodiazepines, daily
dose of dopaminergic treatment, Epworth sleepiness score, cogni-
tive score, frequency of snoring, nocturia and cardiovascular
events.

3.4. Effect of muscle tone on apnea/hypopnea index during REM sleep

Contrary to our expectations, the patients with abnormal per-
sistence of chin muscle tone during REM sleep tended to have
higher apnea/hypopnea index during REM sleep (18.2 ± 15.9) than
the patients with normal atonia during this stage (6.8 ± 10.7,
p = 0.05). The PD patients with enhanced muscle tone during
REM sleep still had obstructive apnea and snoring. An example of
a series of obstructive apnea during REM sleep without atonia in
a patient with PD is shown in Fig. 1. We occasionally observed pa-
tients snoring while they simultaneously exhibit complex behav-
iors such as kicking, fighting or conducting a concert (Video 1).
In contrast, the patients did not snore while they sleep-talked.
We also noticed that some patients would move lips as if speaking
without any sound emission.

4. Discussion

Only 27% of patients with PD have sleep apnea vs. 40% of the
in-hospital controls. Furthermore, only 10% of all patients with PD
have severe sleep apnea. These frequencies are obtained in a large

Table 2
Sleep measures in patients with Parkinson’s disease (unselected and referred for
sleepiness) and matched controls.

Sleep measures Controls Unselected PD Sleepy PD

No. 50 50 50
Night-time sleep, min

Total sleep period 450 ± 105 507 ± 93 449 ± 69!

Total sleep time 376 ± 77* 347 ± 108 336 ± 85
Wakefulness after sleep onset 90 ± 61* 161 ± 88 117 ± 73!

Latency to, min
Sleep onset 30 ± 33 52 ± 52 13 ± 16!

REM sleep onset 100 ± 54 146 ± 111 116 ± 84
Sleep stages, % total sleep time
Stage 1 7 ± 7 4 ± 5 12 ± 14!

Stage 2 54 ± 15 59 ± 14 49 ± 15!

Stage 3–4 21 ± 13 18 ± 10 27 ± 11!

REM sleep 17 ± 8 19 ± 10 12 ± 7!

Sleep fragmentation with
Arousals/hr 25 ± 20 15 ± 11 25 ± 20!

Periodic legs movements/hr 7 ± 17 12 ± 17 10 ± 21
Patients with OSA, % 40 20 34

Apnea–hypopnea/hr 23 ± 23* 6 ± 11 17 ± 16!

Apnea/hr 10 ± 15 4 ± 9 8 ± 12
Obstructive, % 67 ± 36 73 ± 41 80 ± 31
Central and mixed, % 23 ± 33 18 ± 31 9 ± 17

Minimum oxygen saturation 84 ± 8* 88 ± 8 85 ± 6

* p < 0.02 for a difference between controls and PD.
! p < 0.02 for a difference between unselected and sleepy PD.

Table 3
Risk factors and symptoms in 100 patients with Parkinson’s disease according to their apnea–hypopnea indexes.

Apnea–hypopnea index

Normal (<5) Abnormal (P5) Mild (5–15) Moderate (15–30) Severe (>30)

No. 73 27 6 11 10
Age, y 62 ± 9 63 ± 10 62 ± 10 62 ± 8 65 ± 12
Sex, % men 68 74 100 64 70
Body mass index, kg/m2 25 ± 4 25 ± 5 27 ± 6 24 ± 4 24 ± 5
Disease course, y 8 ± 5 7 ± 3 8 ± 4 7 ± 3 7 ± 4
Motor disability, score/104 20 ± 14! 28 ± 14 27 ± 16 30 ± 13 31 ± 16
Dopaminergic treatment, mg/day 656 ± 409 744 ± 392 729 ± 533 677 ± 345 862 ± 338
Use of antidepressant, % 22 22 33 18 20
Use of benzodiazepine, % 25 26 33 27 20
Mini-Mental State Examination, score/30 28 ± 3 28 ± 2 28 ± 2 27 ± 1 28 ± 2
Snoring, % 92 100 100 100 100
Epworth sleepiness scale, score/24 11 ± 5 12 ± 6 11 ± 6 13 ± 5 11 ± 7
Nocturia, % 17 18 20 17 17
Cardiovascular events*, % 13" 33 40 29 33

*Hypertension, coronary heart disease, stroke.
!p < 0.02 "p < 0.07 for normal vs. abnormal apnea–hypopnea index. The samples were too small in mild, moderate and severe subgroups to perform between-subgroup
statistics.

V. Cochen De Cock et al. / Sleep Medicine 11 (2010) 247–252 249

Cochen De Cock et al, 2010  



Sleep disordered breathing and PD 
- treatment - 

•  Positional therapy 

•  Weight loss 

•  Nasal positive airway 
pressure therapy 
(nPAP) 

•  Dental appliances 

•  Surgery 



EDS in PD 
- Frucht report - 

•  Eight PD patients 
•  Age 54 – 83 
•  Stage 2 
•  PD duration – 6.4 yrs 
•  “sleep attacks” while driving, causing MVA 
•  All on pramipexole (1-4.5 mg) 
•  One had similar episode on ropinirole (16 mg) 

Frucht et al. Neurology, 1999 



EDS in PD 
- Frucht report - 

•  Increased interest in sleep dysfunction in PD 

•  Lead to controversial guidelines for driving 

•  Physician responsibility to report those at risk ? 

•  Should PD patients treated with DA be permitted to drive? 



Sleep attack 

   “events of overwhelming sleepiness that occur without warning or 
with a prodrome that is sufficiently short or overpowering to prevent 
the patient form taking appropriate protective measures” 

“Unintended sleep episode” 

“Sudden onset sleep” (SOS) 



EDS in PD 
 

•  20 – 60% PD patients 

•  EDS – prodromal feature of PD ?? 

•  Associations with:  
–  Age 
–  DA dose 
–  Disease severity 
–  Autonomic dysfunction 
–  Cognitive dysfunction 
  

•  Disconnect: subjective vs objective sleepiness 





•  5,210 PD subjects with a driving license 

•  390 (8%) experienced sudden-onset sleep at the wheel 
•  57% had warning signs of sleepiness 
•  26% had “sleep attacks” 

•  ESS – SOS  
•  ESS ≥ 10: 77% specificity; 74% sensitivity 



EDS in PD 
- etiology - 

•  Complex medication regimens 
•  Primary neurodegeneration of PD 
•  Co-existent sleep disorders 
•  Age related changes in sleep architecture 



Somnolence in PD 
- medication adverse effect in efficacy trials - 

•  Levodopa 
•  Lesser, 1979   13.3% 
•  PSG, 2000   17.3% 
•  Rascol, 2000   19.1% 

•  Ropinirole 
•  Adler, 1997   36.2% 
•  Rascol, 2000   27.4% 

•  Pramipexole 
•  Shannon, 1997  18.3% 
•  PSG, 2000   32.4% 



EDS – intrinsic to PD itself? 





EDS in PD 
- assessment - 

 

•  History 
•  Collateral history form spouse / caregiver 
•  Review of the medication regimen 
•  Screen for primary sleep disorders 
•  MSLT 
•  Parkinson’s Disease Sleep Scale - PDSS 
•  ESS 
•  SCOPA – SLEEP Scale  



EDS in PD 
- treatment - 

•  Sleep hygiene 
•  Co-existent sleep disorder 
•  Adjustment of the medication regimen 
•  Stimulants 
•  Modafinil  
•  Light therapy  
•  Melatonin ? 
•  Sodium oxybate ? 
•  Deep brain stimulation ? 
•  Atomoxetine ? 
•  Caffeine ? 

 



Circadian system 

Videnovic et al. 2014 



Circadian disruption in PD  

Videnovic et al. 2014 



Circadian-based treatment interventions for sleep/wake 
dysfunction  

Brain Autonomic Hormones 

Physiology and Behavior 

SCN 

~24 
hour 

Light Non-Photic Zeitgebers 

Sleep Research Society 





MSA 

•  No pronounced changes in sleep 
architecture 

•  Hypersomnolence – 25% 1 

–  Hypocretin network ?? 2,3  

–  Pontine network - LDT, PPT 4 

   
•  Advanced sleep phase syndrome, 

RLS, stridor – potential 
contributors  

PSP 

•  Early, worse with PSP progression 

•  Degeneration of pontine tegmental 
nuclei  

•  Sleep architecture 5 

–  REM sleep suppressed  
–  N3 sleep decreased 
–  spindles blunted  
–  increased alpha activity 

•  Insomnia 

1 Moreno-Lopezl et al. Arch Neurol, 2011  
2 Benarroch et al. Brain, 2007 
3 Abdo et al. Parkin Relat Dis, 2008 
4 Schmeichel et al. Neurology, 2008 
5 Montplaisir et al. Neurology, 1997 
 

 
 

CBS 
•  Limited knowledge  



SLEEP 

ALERTNESS 

RBD 

SAS 

RLS / 
PLMS Circadian 

system  
Homeostatic 

drive MEDICATIONS 

MOTOR SYMPTOMS OF PD 

AUTONOMIC  
DYSFUNCTION 

NEUROPSYCHIATRIC  
SYMPTOMS 

PRIMARY SLEEP 
DISORDERS 

PD  NEURODEGENERATION 


